TARGET TRACKING METHOD AND APPARATUS, ELECTRONIC

DEVICE, AND STORAGE MEDIUM

CROSS-REFERENCE TO RELATED APPLICATION

[0001] The present disclosure is based upon and claims priority to Chinese patent
application No. 202010011243.0 filed on January 6, 2020, the contents of which are

hereby incorporated by reference in its entirety.

TECHNICAL FIELD

[0002] The present disclosure relates to the fields of computer technologies and
image processing technologies, and more particularly to a method and an apparatus for

target tracking, an electronic device, and a computer readable storage medium.

BACKGROUND

[0003] Visual target tracking is an important research direction in the computer vision,
and can be widely used in various scenes, such as automatic machine tracking, video
surveillance, human-computer interaction, and unmanned driving. A task of visual target
tracking is to predict, given the size and location of a target object in an initial frame of
an entire video sequence, the size and location of the target object in subsequent frames,

so as to obtain a moving track of the target object in the entire video sequence.

[0004] In an actual tracking prediction project, the tracking process is prone to drift
and loss due to uncertain interference factors such as viewing angle, illumination, size,
and occlusion. Moreover, the tracking technologies often require high simplicity and

real-time performance to meet the requirements of actual deployment and application of



mobile terminals.

SUMMARY

[0005] In view of this, the embodiments of the present disclosure provide at least a
method and an apparatus for target tracking, an electronic device, and a computer

readable storage medium.

[0006] According to a first aspect, an embodiment of the present disclosure provides

a method for target tracking, which includes following operations.

[0007] Video images are obtained.

[0008] For an image to be tracked after a reference frame image in the video images,
an image similarity feature map between a search region in the image to be tracked and
a target image region in the reference frame image is generated. The target image region

includes an object to be tracked.

[0009] Positioning location information of a region to be positioned in the search

region is determined based on the image similarity feature map.

[0010] In response to determining the positioning location information of the region
to be positioned in the search region, a detection box of the object to be tracked in the
image to be tracked including the search region is determined based on the determined

positioning location information of the region to be positioned.

[0011] In a possible implementation, the operation that the positioning location
information of the region to be positioned in the search region is determined based on
the image similarity feature map includes following operations. Size information of the
region to be positioned is predicted based on the image similarity feature map.
Probability values of respective feature pixel points in a feature map of the search

region are predicted based on the image similarity feature map, here, a probability value



of each feature pixel point represents a probability that a pixel point, corresponding to
the feature pixel point, in the search region is located within the region to be positioned.
Location relationship information between a respective pixel point, corresponding to
each feature pixel point, in the search region and the region to be positioned is predicted
based on the image similarity feature map. A pixel point in the search region
corresponding to a feature pixel point with a largest probability value among the
predicted probability values is selected as a target pixel point. The positioning location
information of the region to be positioned is determined based on the target pixel point,
the location relationship information between the target pixel point and the region to be

positioned, and the size information of the region to be positioned.

[0012] In a possible implementation, the target image region is extracted from the
reference frame image by: determining a detection box of the object to be tracked in the
reference frame image; determining, based on size information of the detection box in
the reference frame image, first extension size information corresponding to the
detection box in the reference frame image; and extending, based on the first extension
size information, the detection box in the reference frame image, to obtain the target

image region.

[0013] In a possible implementation, the search region is extracted from the image to
be tracked by: obtaining a detection box of the object to be tracked in a previous frame
of image to be tracked of a current frame of image to be tracked in the video images;
determining, based on size information of the detection box of the object to be tracked
in the previous frame of image to be tracked, second extension size information
corresponding to the detection box of the object to be tracked in the previous frame of
image to be tracked; determining size information of a search region in the current
frame of image to be tracked based on the second extension size information and the
size information of the detection box of the object to be tracked in the previous frame of
image to be tracked; and determining, based on the size information of the search region
in the current frame of image to be tracked, the search region by taking a center point of

the detection box of the object to be tracked in the previous frame of image to be



tracked as a center point of the search region in the current frame of image to be

tracked.

[0014] In a possible implementation, the operation that the image similarity feature
map between the search region in the image to be tracked and the target image region in
the reference frame image is generated includes following operations. The search region
is scaled to a first preset size, and the target image region is scaled to a second preset
size. A first image feature map in the search region and a second image feature map in
the target image region are generated. A size of the second image feature map is smaller
than a size of the first image feature map. A correlation feature between the second
image feature map and each of sub-image feature maps in the first image feature map is
determined. A size of the sub-image feature map is the same as the size of the second
image feature map. The image similarity feature map is generated based on a plurality

of determined correlation features.

[0015] In a possible implementation, the method for target tracking is performed by a
tracking and positioning neural network. The tracking and positioning neural network is

obtained by training sample images labeled with a detection box of a target object.

[0016] In a possible implementation, the method for target tracking further includes
training the tracking and positioning neural network, which includes following
operations. The sample images are obtained. The sample images include a reference
frame sample image and at least one sample image to be tracked. The sample images are
inputted into a tracking and positioning neural network to be trained, the input sample
images are processed through the tracking and positioning neural network to be trained,
to predict a detection box of the target object in the sample image to be tracked.
Network parameters of the tracking and positioning neural network to be trained are
adjusted based on the labeled detection box in the sample image to be tracked and the

predicted detection box in the sample image to be tracked.

[0017] In a possible implementation, positioning location information of a region to



be positioned in the sample image to be tracked is taken as location information of the
predicted detection box in the sample image to be tracked. The operation that the
network parameters of the tracking and positioning neural network to be trained are
adjusted based on the labeled detection box in the sample image to be tracked and the
predicted detection box in the sample image to be tracked includes following operations.
The network parameters of the tracking and positioning neural network to be trained are
adjusted based on: size information of the predicted detection box in the sample image
to be tracked, a predicted probability value that each pixel point in a search region in the
sample image to be tracked is located within the predicted detection box in the sample
image to be tracked, predicted location relationship information between each pixel
point in the search region in the sample image to be tracked and the predicted detection
box in the sample image to be tracked, standard size information of the labeled detection
box in the sample image to be tracked, information about whether each pixel point in a
standard search region in the sample image to be tracked is located within the labeled
detection box, and standard location relationship information between each pixel point
in the standard search region in the sample image to be tracked and the labeled detection

box in the sample image to be tracked.

[0018] According to a second aspect, an embodiment of the present disclosure
provides an apparatus for tracking target. The apparatus includes an image obtaining

module, a similarity feature extraction module, a positioning module and a tracking

module.
[0019] The image obtaining module is configured to obtain video images.
[0020] The similarity feature extraction module is configured to: for an image to be

tracked after a reference frame image in the video images, generate an image similarity
feature map between a search region in the image to be tracked and a target image
region in the reference frame image. The target image region includes an object to be

tracked.



[0021] The positioning module is configured to determine, based on the image
similarity feature map, positioning location information of a region to be positioned in

the search region.

[0022] The tracking module is configured to: in response to determining the
positioning location information of the region to be positioned in the search region,
determine, based on the determined positioning location information of the region to be
positioned, a detection box of the object to be tracked in the image to be tracked

including the search region.

[0023] According to a third aspect, an embodiment of the present disclosure provides
an electronic device, including a processor, a memory, and a bus. The memory is
configured to store machine-readable instructions executable by the processor, the
processor is configured to communicate with the memory via the bus when the
electronic device is running, and the machine-readable instructions, when executed by
the processor, performing operations of the method for target tracking as described

above.

[0024] According to a fourth aspect, an embodiment of the present disclosure further
provides a computer-readable storage medium having stored thereon a computer
program that, when executed by a processor, cause the processor to perform the

operations of the method for target tracking as described above.

[0025] The above-described apparatus, electronic device, and computer-readable
storage medium according to the embodiments of the present disclosure include at least
the same or similar technical features as the technical features of any aspect or any
implementation of the above-described methods of the present disclosure. Therefore, for
the effect description of the apparatus, electronic device, and computer-readable storage
medium, the reference is made to the effect description of the method embodiments, and

details are not described herein again.



BRIEF DESCRIPTION OF THE DRAWINGS

[0026] In order to more clearly illustrate the technical solutions of the embodiments
of the present disclosure, the accompanying drawings required to be used in the
embodiments are briefly described below. It is to be understood that the following
drawings show only some of the embodiments of the present disclosure, and therefore
should not be construed as limiting the scope. Other relevant drawings will be obtained

based on these drawings by those skilled in the art without creative efforts.

[0027] FIG. 1 is a flowchart of a method for target tracking according to an

embodiment of the present disclosure.

[0028] FIG. 2 is a schematic diagram of determining a center point of a region to be

positioned according to an embodiment of the present disclosure.

[0029] FIG. 3 is a flowchart of extracting a target image region in another method for

tracking target according to an embodiment of the present disclosure.

[0030] FIG. 4 is a flowchart of extracting a search region in still another method for

target tracking according to an embodiment of the present disclosure.

[0031] FIG. 5 is a flowchart of generating an image similarity feature map in yet
another method for target tracking according to an embodiment of the present

disclosure.

[0032] FIG. 6 is a schematic diagram of generating an image similarity feature map in
still yet another method for target tracking according to an embodiment of the present

disclosure.

[0033] FIG. 7 is a flowchart of training a tracking and positioning neural network in
still yet another method for target tracking according to an embodiment of the present

disclosure.

[0034] FIG. 8A is a schematic flowchart of a method for target tracking according to



an embodiment of the present disclosure.

[0035] FIG. 8B is a schematic flowchart of positioning a target according to an

embodiment of the present disclosure.

[0036] FIG. 9 is a schematic structural diagram of an apparatus for target tracking

according to an embodiment of the present disclosure.

[0037] FIG. 10 is a schematic structural diagram of an electronic device according to

an embodiment of the present disclosure.

DETAILED DESCRIPTION

[0038] In order to make the objects, technical solutions and advantages of the
embodiments of the present disclosure clearer, the technical solutions in the
embodiments of the present disclosure will be clearly and completely described below
in conjunction with the accompanying drawings in the embodiments of the present
disclosure. It should be understood that the accompanying drawings in the embodiments
of the present disclosure serve only the purpose of explanation and description, and are
not intended to limit the protection scope of the embodiments of the present disclosure.
In addition, it should be understood that the schematic drawings are not drawn to real
scale. Flowcharts used in embodiments of the present disclosure illustrate operations
implemented according to some of the embodiments of the present disclosure. It should
be understood that the operations of the flowcharts may be implemented out of order,
and that the operations without logical context relationships may be performed in
reverse order or simultaneously. In addition, those skilled in the art may add one or
more other operations to the flowcharts or remove one or more operations from the
flowcharts under the guidance of the contents of the embodiments of the present

disclosure.

[0039] In addition, the described embodiments are only some but not all of the



embodiments of the present disclosure. The components, generally described and
illustrated in the drawings herein, of embodiments of the present disclosure may be
arranged and designed in various configurations. Accordingly, the following detailed
description of the embodiments of the present disclosure provided in the drawings is not
intended to limit the scope of the claimed embodiments of the present disclosure, but
merely represents selected embodiments of the embodiments of the present disclosure.
Based on the embodiments of the present disclosure, all other embodiments obtained by
a person skilled in the art without creative efforts fall within the protection scope of the

embodiments of the present disclosure.

[0040] It should be noted that the term “including/include(s)/comprising/comprise(s)”
will be used in embodiments of the present disclosure to indicate the presence of

features claimed after this term, but does not exclude the addition of other features.

[0041] For visual target tracking, the embodiments of the present disclosure provide
solutions that effectively reduce the complexity of prediction calculation during a
tracking process. In the solutions, location information of an object to be tracked in an
image to be tracked is predicted (in actual implementation, location information of a
region to be positioned where the object to be tracked is located is predicted) based on
an image similarity feature map between a search region in the image to be tracked and
a target image region (including the object to be tracked) in a reference frame image,
that is, a detection box of the object to be tracked in the image to be tracked is predicted.

The detailed implementation process will be detailed in the following embodiments.

[0042] As illustrated in FIG. 1, an embodiment of the present disclosure provides a
method for target tracking, which is performed by a terminal device for tracking and
positioning an object to be tracked. The terminal device includes user equipment (UE), a
mobile device, a user terminal, a terminal, a cellular phone, a cordless phone, a personal
digital assistant (PDA), a handheld device, a computing device, an in-vehicle device, a
wearable device, or the like. In some possible implementations, the method for target

tracking is implemented by a processor through invoking computer-readable



instructions stored in a memory. The method includes the following operations S110 to

S140.
[0043] In operation S110, video images are obtained.
[0044] The video images are a sequence of images in which an object to be tracked

needs to be positioned and tracked.

[0045] The video images include a reference frame image and at least one frame of
image to be tracked. The reference frame image is an image including the object to be
tracked. The reference frame image is a first frame image in the video images, or is
another frame image in the video images. The image to be tracked is an image in which
the object to be tracked needs to be searched and positioned. A location and a size (i.e., a
detection box) of the object to be tracked in the reference frame image are already
determined. A positioning region or a detection box in the image to be tracked, which is
not determined, is a region that needs to be calculated and predicted (also referred to as

a region to be positioned or the detection box in the image to be tracked).

[0046] In operation S120, for an image to be tracked after the reference frame image
in the video images, an image similarity feature map between a search region in the
image to be tracked and a target image region in the reference frame image is generated,

here, the target image region includes the object to be tracked.

[0047] Before performing the operation S120, the search region is extracted from the
image to be tracked, and the target image region is extracted from the reference frame
image. The target image region includes the detection box of the object to be tracked.
The search region includes a region to be positioned that has not been positioned. A

location of the positioning region is a location of the object to be tracked.

[0048] After the search region and the target image region are extracted, image
features are extracted from the search region and the target image region respectively,

and image similarity features between the search region and the target image region are
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determined based on the image features corresponding to the search region and the
image features corresponding to the target image region, that is, an image similarity

feature map between the search region and the target image region is determined.

[0049] In operation S130, positioning location information of the region to be

positioned in the search region is determined based on the image similarity feature map.

[0050] Here, based on the image similarity feature map generated in the operation
S120, probability values of respective feature pixel points in a feature map of the search
region are predicted and location relationship information between a respective pixel
point, corresponding to each feature pixel point, in the search region and the region to

be positioned is predicted.

[0051] A probability value of each feature pixel point represents a probability that a
pixel point, corresponding to the feature pixel point, in the search region is located

within the region to be positioned.

[0052] The location relationship information is deviation information between the
pixel point in the search region in the image to be tracked and the center point of the
region to be positioned in the image to be tracked. For example, if a coordinate system
is established with the center point of the region to be positioned as a coordinate center,
the location relationship information includes coordinate information of the

corresponding pixel point in the established coordinate system.

[0053] Here, based on the probability values, a pixel point, with the largest
probability of being located within the region to be positioned, in the search region is
determined. Then, based on the location relationship information of the pixel point, the
positioning location information of the region to be positioned in the search region is

determined more accurately.

[0054] The positioning location information includes information such as coordinates

of the center point of the region to be positioned. In actual implementation, the

11



coordinate information of the center point of the region to be positioned is determined
based on the coordinate information of the pixel point, with the largest probability of
being located within the region to be positioned, in the search region and the deviation
information between the pixel point (with the largest probability of being located within

the region to be positioned) and the center point of the region to be positioned.

[0055] It should be noted that in the operation S130, the positioning location
information of the region to be positioned in the search region is determined. However,
in actual application, the region to be positioned may exist or may not exist in the search
region. If no region to be positioned exists in the search region, the positioning location
information of the region to be positioned is unable to be determined, that is,
information such as the coordinates of the center point of the region to be positioned is

unable to be determined.

[0056] In operation S140, in response to determining the positioning location
information of the region to be positioned in the search region, a detection box of the
object to be tracked in the image to be tracked including the search region is determined

based on the determined positioning location information of the region to be positioned.

[0057] If the region to be positioned exists in the search region, in the operation S140,
the detection box of the object to be tracked in the image to be tracked including the
search region is determined based on the determined positioning location information of
the region to be positioned. Here, the positioning location information of the region to
be positioned in the image to be tracked is taken as the location information of the

predicted detection box in the image to be tracked.

[0058] According to the above-described embodiment, the search region is extracted
from the image to be tracked, the target image region is extracted from the reference
frame image, and the positioning location information of the region to be positioned in
the image to be tracked is predicted or determined based on the image similarity feature

map between the extracted search region and the extracted target image region, that is,
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the detection box of the object to be tracked in the image to be tracked including the
search region is determined, so that the number of pixel points for the prediction of the
detection box is effectively reduced. According to the embodiments of the present
disclosure, not only the efficiency and real-time performance of prediction are improved,
but also the complexity of prediction calculation is reduced, so that a network
architecture of the neural network used for predicting the detection box of the object to
be tracked is simplified and more applicable to the mobile terminals with high

requirements for real-time performance and network structure simplicity.

[0059] In some embodiments, the method for target tracking further includes
predicting size information of the region to be positioned before determining the
positioning location information of the region to be positioned in the search region.
Here, respective size information of the region to be positioned corresponding to each
pixel point in the search region is predicted based on the image similarity feature map
generated in the operation S120. In the actual implementation, the size information

includes a height value and a width value of the region to be positioned.

[0060] After the respective size information of the region to be positioned
corresponding to each pixel point in the search region is determined, that operation that
the positioning location information of the region to be positioned in the search region is
determined based on the image similarity feature map includes the following operations

1 to 4.

[0061] At an operation 1, probability values of respective feature pixel points in a
feature map of the search region are predicted based on the image similarity feature map.
Here, a probability value of each feature pixel point represents a probability that a pixel
point, corresponding to the feature pixel point, in the search region is located within the

region to be positioned.

[0062] At an operation 2, location relationship information between a respective pixel

point, corresponding to each feature pixel point, in the search region and the region to

13



be positioned is predicted based on the image similarity feature map.

[0063] At an operation 3, a pixel point in the search region corresponding to a feature
pixel point with a largest probability value among the predicted probability values is

selected as a target pixel point.

[0064] At an operation 4, the positioning location information of the region to be
positioned is determined based on the target pixel point, the location relationship
information between the target pixel point and the region to be positioned, and the size

information of the region to be positioned.

[0065] According to the operations 1 to 4, the coordinates of the center point of the
region to be positioned are determined based on the location relationship information
between the target pixel point (i.c., a pixel point, that is most likely to be located within
the region to be positioned, in the search region) and the region to be positioned, and the
coordinate information of the target pixel point in the region to be positioned. Further,
by considering the size information of the region to be positioned corresponding to the
target pixel point, the accuracy of determining the region to be positioned in the search
region is improved, that is, the accuracy of tracking and positioning the object to be

tracked is improved.

[0066] As illustrated in FIG. 2, a maximum value point in FIG. 2 is the pixel point
most likely to be located within the region to be positioned, that is, the target pixel point
with the largest probability. The coordinates of the center point ( xt, yt) of the region to
be positioned are determined based on the coordinates (x™, y™) of the maximum value

point and the location relationship information ,(i.e., the deviation information O™ =
(0", Oy")) between the maximum value point and the region to be positioned. Here,
0y is a distance between the maximum value point and the center point of the region
to be positioned in the direction of the horizontal axis and Oy is a distance between the

maximum value point and the center point of the region to be positioned in the direction

of the vertical axis. During the process of positioning the region to be positioned, the

14



following formulas (1) to (5) are used for performing the positioning.

xt=xM+Om (1)
ye=y™+0g 2)
wy =wn )
he =h™ (4)
Ri= (x& Y6 Wi, hy) (5)
ere, X¢ represents an abscissa of the center point of the region to be
[0067] H t bsci f th int of th i b

positioned, y& represents an ordinate of the center point of the region to be positioned,
x™ represents an abscissa of the maximum value point, y™ represents an ordinate of
the maximum value point, Oy' represents the distance between the maximum value

point and the center point of the region to be positioned in the direction of the horizontal

axis, Oy' represents a distance between the maximum value point and the center point

of the region to be positioned in the direction of the vertical axis, w; represents a
width value of the region to be positioned that has been positioned, h; represents a
height value of the region to be positioned that has been positioned, w™ represents a
width value of the region to be positioned obtained through prediction, h™ represents a
height value of the region to be positioned obtained through prediction, and R

represents location information of the region to be positioned that has been positioned.

[0068] In the above embodiment, after the image similarity feature map between the
search region and the target image region is obtained, the target pixel point with the
largest probability of being located within the region to be positioned is selected from
the search region based on the image similarity feature map, and the positioning
location information of the region to be positioned is determined based on coordinate
information of the target pixel point with the largest probability in the search region, the
location relationship information between the target pixel point and the region to be
positioned, and the size information of the region to be positioned corresponding the
target pixel point, so that the accuracy of the determined positioning location

information is improved.

[0069] In some embodiments, as illustrated in FIG. 3, the target image region is
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extracted from the reference frame image based on the following operations S310 to

S330.

[0070] In operation S310, the detection box of the object to be tracked in the

reference frame image is determined.

[0071] The detection box is an image region that has been positioned and includes the

object to be tracked. In the implementation, the detection box is a rectangular image

box R¢, = (xzo,yzo,wto,hto), here, Ry, represents location information of the detection

box, XEO represents an abscissa of the center point of the detection box, y(t:0 represents
an ordinate of the center point of the detection box, wy represents a width value of the
detection box, and hy, represents a height value of the detection box.

[0072] In operation S320, first extension size information corresponding to the

detection box in the reference frame image is determined based on size information of

the detection box in the reference frame image.

[0073] Here, the detection box is extended based on the first extension size
information, and the average value of the height value of the detection box and the
width value of the detection box is calculated as the first extension size information by

using the following formula.
padp = pady = (w, +hy) /2 (6)

[0074] Here, pad;, represents a length by which the detection box needs to be

extended in the height of the detection box, pad,, represents a length by which the

detection box needs to be extended in the width of the detection box, wy, represents

the width value of the detection box, and h;  represents the height value of the

detection box.

[0075] When performing the extension of the detection box, the detection box is
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extended by half of the value calculated above on both sides in the height direction of
the detection box, respectively; and is extended by half of the value calculated above on

both sides in the width direction the detection box, respectively.

[0076] In operation S330, the detection box in the reference frame image is extended

based on the first extension size information to obtain the target image region.

[0077] Here, the detection box is extended based on the first extension size
information to directly obtain the target image region. Alternatively, after the detection
box is extended, the extended image is further processed to obtain the target image
region. Alternatively, the detection box is not extended based on the first extension size
information, but size information of the target image region is determined based on the
first extension size information, and the detection box is extended based on the
determined size information of the target image region to directly obtain the target

image region.

[0078] The detection box is extended based on the size and location of the object to
be tracked in the reference frame image (i.e., the size information of the detection box
of the object to be tracked in the reference frame image), and the obtained target image
region includes not only the object to be tracked but also the region around the object to

be tracked, so that the target image region including more image contents is determined.

[0079] In some embodiments, the operation that the detection box in the reference
frame image is extended based on the first extension size information to obtain the

target image region includes following operations.

[0080] Size information of the target image region is determined based on the size
information of the detection box and the first extension size information; and the target
image region obtained by extending the detection box is determined based on the center

point of the detection box and the size information of the target image region.

[0081] In the implementation, the size information of the target image region is

17



determined by using the following formula (7). That is, the width wy of the detection

box is extended by a fixed size pad,, the height h; of the detection box is extended by

a fixed size pady,, and an arithmetic square root of values of the extended width and the
extended height is calculated as a width (or a height) value of the target image region.

That is, the target image region is a square region with the same height and width.

Rect}’ = Rectf = J (wy, + pady) * (hy, +pady)  (7)
[0082] Here, Recty; represents the width value of the target image region and

Rect{‘0 represents the height value of the target image region; pad;, represents the

length by which the detection box needs to be extended in the height of the detection

box, and padj, represents the length by which the detection box needs to be extended

in the width of the detection box; and wy  represents the width value of the detection

box, and h¢  represents the height value of the detection box.

[0083] After the size information of the target image region is determined, the
detection box is directly extended by taking the center point of the detection box as the
center point and based on the determined size information, to obtain the target image
region. Alternatively, the target image region is clipped, by taking the center point of the
detection box as the center point and based on the determined size information, from the
image obtained by extending the detection box based on the first extension size

information.

[0084] According to the above-described embodiment, the detection box is extended
based on the size information of the detection box and the first extension size
information to obtain, the square target image region is clipped from the extended image
obtained by extending the detection box, so that the obtained target image region does

not include too many image regions other than the object to be tracked.

[0085] In some embodiments, as illustrated in FIG. 4, the search region is extracted
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from the image to be tracked based on the following operations S410 to S440.

[0086] In operation S410, a detection box of the object to be tracked in a previous
frame of image to be tracked of a current frame of image to be tracked in the video

images is obtained.

[0087] Here, the detection box in the previous frame of image to be tracked of the
current frame of image to be tracked is an image region which has been positioned and

the object to be tracked is located in.

[0088] In operation S420, second extension size information corresponding to the
detection box of the object to be tracked is determined based on size information of the

detection box of the object to be tracked.

[0089] Here, the calculation method for determining the second extension size
information based on the size information of the detection box is the same as the
calculation method for determining the first extension size information in the

above-described embodiment, and details are not described herein again.

[0090] In operation S430, size information of a search region in the current frame of
image to be tracked is determined based on the second extension size information and

the size information of the detection box of the object to be tracked.

[0091] Here, the size information of the search region is determined based on the

following operations.

[0092] Size information of a search region to be extended is determined based on the
second extension size information and the size information of the detection box in the
previous frame of image to be tracked; and the size information of the search region is
determined based on the size information of the search region to be extended, a first
preset size corresponding to the search region, and a second preset size corresponding to
the target image region. The search region is obtained by extending the search region to

be extended.
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[0093] The calculation method for determining the size information of the search
region to be extended is the same as the calculation method for determining the size
information of the target image region based on the size information of the detection
box and the first extension size information in the above-described embodiment, and

details are not described herein again.

[0094] The determination of the size information of the search region (which is
obtained by extending the search region to be extended) based on the size information
of the search region to be extended, the first preset size corresponding to the search
region, and the second preset size corresponding to the target image region is performed

by using the following formulas (8) and (9).

SeachRect;, = Recty; + 2 * Padpargin ®)
. . Si
Padmargin = (Sizes-Size,) / (2 * Rec‘:) )
[0095] Here, SeachRect;, represents the size information of the search region,

Rect, represents the size information of the search region to be extended,

Padargin represents a size by which the search region to be extended needs to be

extended, Sizeg represents the first preset size corresponding to the search region, and
Size; represents the second preset size corresponding to the target image region. Here,
it is known based on the formula (7) that both the search region and the target image
region are square regions with the same height and width, so the size here is the number

of pixels corresponding to the height and width of the corresponding image region.

[0096] In the operation S430, the search region is further extended based on the size
information of the search region to be extended, the first preset size corresponding to the
search region, and the second preset size corresponding to the target image region, so
that the search region is further enlarged. A larger search region will improve the

success rate of tracking and positioning the object to be tracked.

[0097] In operation S440, by taking a center point of the detection box of the object to
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be tracked as a center point of the search region in the current frame of image to be
tracked, the search region is determined based on the size information of the search

region in the current frame of image to be tracked.

[0098] In the implementation, an initial positioning region in the current frame of
image to be tracked is determined by taking the coordinates of the center point of the
detection box in the previous frame of image to be tracked as a center point of the initial
positioning region in the current frame of image to be tracked and by taking the size
information of the detection box in the previous frame of image to be tracked as size
information of the initial positioning region in the current frame of image to be tracked.
The initial positioning region is extended based on the second extension size
information, and the search region to be extended is clipped from the extended image
based on the size information of the search region to be extended. Then, the search
region is obtained by extending the search region to be extended based on the size

information of the search region.

[0099] Alternatively, by taking the center point of the detection box in the previous
frame of image to be tracked as the center point of the search region in the current frame
of image to be tracked and based on the size information of the search region obtained
by calculation, the search region is clipped directly from the current frame of image to

be tracked.

[00100] The second extension size information is determined based on the size
information of the detection box determined in the previous frame of image to be
tracked. Based on the second extension size information, a larger search region is
determined for the current frame of image to be tracked. The larger search region will
improve the accuracy of the positioning location information of the determined region
to be positioned, that is, the success rate of tracking and positioning the object to be

tracked is improved.

[00101] In some embodiments, before the image similarity feature map is generated,
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the method for target tracking further includes following operations.

[00102] The search region is scaled to the first preset size, and the target image region

is scaled to the second preset size.

[00103] Here, by setting the search region and the target image region to the
corresponding preset sizes, the number of pixel points in the generated image similarity

feature map is controlled, so that the complexity of the calculation is controlled.

[00104] In some embodiments, as illustrated in FIG. 5, the image similarity feature
map between the search region in the image to be tracked and the target image region in
the reference frame image is generated, which includes the following operations S510 to

S530.

[00105] In operation S510, a first image feature map in the search region and a second
image feature map in the target image region are generated. A size of the second image

feature map is smaller than a size of the first image feature map.

[00106] Here, the first image feature map and the second image feature map are
obtained respectively by extracting the image features in the search region and the

image features in the target image region through a deep convolutional neural network.

[00107] As illustrated in FIG. 6, both the width value and the height value of the first
image feature map 61 are eight pixel points, and both the width value and the height

value of the second image feature map 62 are four pixel points.

[00108] In operation S520, a correlation feature between the second image feature map
and each of sub-image feature maps in the first image feature map is determined. A size

of the sub-image feature map is the same as the size of the second image feature map.

[00109] As illustrated in FIG. 6, the second image feature map 62 is moved over the
first image feature map 61 in an order of from left to right and from top to bottom, and

respective orthographic projection regions of the second image feature map 62 on the
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first image feature map 61 are taken as respective sub-image feature maps.

[00110] In the implementation, the correlation feature between the second image
feature map and the sub-image feature map is determined through the correlation

calculation.

[00111] In operation S530, the image similarity feature map is generated based on a

plurality of determined correlation features.

[00112] As illustrated in FIG. 6, based on the correlation feature between the second
image feature map and each of the sub-image feature maps, both the width value and the

height value of the generated image similarity feature map 63 are five pixel points.

[00113] A respective correlation feature corresponding to each pixel point in the image
similarity feature map represents a degree of image similarity between a sub-region (i.e.,
sub-image feature map) in the first image feature map and the second image feature map.
A pixel point, with the largest probability of being located in the region to be positioned,
in the search region is selected accurately based on the degree of image similarity, and
the accuracy of the positioning location information of the determined region to be
positioned is effectively improved based on the information of the pixel point with the

largest probability.

[00114] In the method for target tracking according to the above-described
embodiment, the process of processing the obtained video images to obtain the
positioning location information of the region to be tracked in each frame of image to be
tracked and determining the detection box of the object to be tracked in the image to be
tracked including the search region is performed through a tracking and positioning
neural network, and the tracking and positioning neural network is obtained by training

sample images labeled with a detection box of a target object.

[00115] In the method for target tracking, the tracking and positioning neural network

is used to determine the positioning location information of the region to be positioned,
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that is, to determine the detection box of the object to be tracked in the image to be
tracked including the search region. Since the calculation method is simplified, the
structure of the tracking and positioning neural network is simplified, making it easier to

be deployed on the mobile terminal.

[00116] An embodiment of the present disclosure further provides a method for
training the tracking and positioning neural network, as illustrated in FIG. 7, which

includes following operations S710 to S730.

[00117] In operation S710, the sample images are obtained. The sample images

include a reference frame sample image and at least one sample image to be tracked.

[00118] The sample image includes the reference frame sample image and the at least
one frame of sample image to be tracked. The reference frame sample image includes a
detection box of the object to be tracked, and positioning location information of the
detection box has been determined. Positioning location information of a region to be
positioned in the sample image to be tracked, which is not determined, is required to be

predicted or determined through the tracking and positioning neural network.

[00119] In operation S720, the sample images are inputted into a tracking and
positioning neural network to be trained, and the input sample images are processed
through the tracking and positioning neural network to be trained, to predict a detection

box of the target object in the sample image to be tracked.

[00120] In operation S730, network parameters of the tracking and positioning neural
network to be trained are adjusted based on the labeled detection box in the sample

image to be tracked and the predicted detection box in the sample image to be tracked.

[00121] In the implementation, the positioning location information of the region to be
positioned in the sample image to be tracked is taken as location information of the

predicted detection box in the sample image to be tracked.

[00122] The network parameters of the tracking and positioning neural network to be

24



trained are adjusted based on the labeled detection box in the sample image to be
tracked and the predicted detection box in the sample image to be tracked, which

includes the following operations.

[00123] The network parameters of the tracking and positioning neural network to be
trained are adjusted based on: size information of the predicted detection box, a
predicted probability value that each pixel point in a search region in the sample image
to be tracked is located within the predicted detection box, predicted location
relationship information between each pixel point in the search region in the sample
image to be tracked and the predicted detection box, standard size information of the
labeled detection box, information about whether each pixel point in a standard search
region in the sample image to be tracked is located within the labeled detection box, and
standard location relationship information between each pixel point in the standard

search region and the labeled detection box.

[00124] The standard size information, the information about whether each pixel point
in the standard search region is located within the labeled detection box, and the
standard location relationship information between each pixel point in the standard
search region and the labeled detection box are all determined based on the labeled

detection box.

[00125] The predicted location relationship information is deviation information
between the corresponding pixel point and a center point of the predicted detection box,
and includes a component of a distance between the corresponding pixel point and the
center point in the direction of the horizontal axis and a component of the distance
between the corresponding pixel point and the center point in the direction of the

vertical axis.

[00126] The information about whether each pixel point is located within the labeled
detection box is determined based on a standard value Lp indicating whether the pixel

point is located within the labeled detection box, as shown in formula (10).
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1,15 € R,
p= i (10)
0,L, € Ry
[00127] Here, R; represents the detection box in the sample image to be tracked, and

Lip represents the standard value indicating whether the pixel point at the i-th position

from left to right and from top to bottom in the search region is located within the
detection box R;. If the standard value Lp is 0, it indicates that the pixel point is outside
the detection box Ry; if the standard value Lp is 1, it indicates that the pixel point is

within the detection box R;.

[00128] In the implementation, a sub-loss function Loss.s is constructed by using a

cross-entropy loss function to constrain the L, and predicted probability values, as

shown in formula (11).

Loss, = Y.L logy + > L logy/ (11)
iink, iink,
[00129] Here, k, represents a set of pixel points within the labeled detection box, ki,

represents a set of pixel points outside the labeled detection box, yi represents a
predicted probability value that the pixel point i is within the predicted detection box,
and y? represents a predicted probability value that the pixel point i is outside the

predicted detection box.

[00130] In the implementation, a smooth L1 norm loss function (smoothL1) is used to
determine a sub-loss function Loss,fser between the standard location relationship
information and the predicted location relationship information, as shown in formula

(12).
Lossytfset = smoothL1(L, —Y,) (12)

[00131] Here, Y, represents the predicted location relationship information, and L,

represents the standard location relationship information.

[00132] The standard location relationship information L, is true deviation
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information between the pixel point and a center point of the labeled detection box, and

includes a component L,y of a distance between the pixel point and the center point of

the labeled detection box in the direction of the horizontal axis and a component L, of

the distance between the pixel point and the center point of the labeled detection box in

the direction of the vertical axis.

[00133] Based on the sub-loss function generated by the above formula (11) and the
sub-loss function generated by the above formula (12), a comprehensive loss function is

constructed as shown in the following formula (13).

Lossay = Lossgs + Aq * LOSSqgfset (13)
[00134] Here, A; is a preset weight coefficient.
[00135] Further, the network parameters of the tracking and positioning neural network

to be trained are adjusted in combination with the predicted size information of the
detection box. The sub-loss function Loss.s and the sub-loss function LoSSygreer are

constructed by using the above formulas (11) and (12).

[00136] A sub-loss function Loss,yy, about the predicted size information of the

detection box is constructed by using the following formula (14).
Lossy,, = smoothL1(L,, — Yy) + smoothL1(L, —Yy) (14)

[00137] Here, L, represents a width value in the standard size information, Ly
represents a height value in the standard size information, Y,, represents a width value
in the predicted size information of the detection box, and Y}, represents a height value

in the predicted size information of the detection box.

[00138] A comprehensive loss function Loss,; is constructed based on the above
three sub-loss functions Lossjs, L0SSqfrser and Lossy, j, as illustrated in the following

equation (15).

Loss,y = Losscs + Ay * LoSSqgrset + Ay * Lossy, (15)
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[00139] Here, A; is a preset weight coefficient and A, is another preset weight

coefficient.

[00140] According to the above embodiment, in the process of training the tracking
and positioning neural network, the loss function is constructed by further combining
the predicted size information of the detection box and the standard size information of
the detection box in the sample image to be tracked, and the loss function is used to
further improve the calculation accuracy of the tracking and positioning neural network
obtained through the training. The tracking and positioning neural network is trained by
constructing the loss function based on the predicted probability value, the location
relationship information, the predicted size information of the detection box and the
corresponding standard value of the sample image, and the objective of the training is to
minimize the value of the constructed loss function, which is beneficial to improve the
calculation accuracy of the tracking and positioning neural network obtained through

the training.

[00141] The methods for target tracking are classified into the generative methods and
the discriminative methods according to the categories of observation models. In recent
years, discriminative tracking methods mainly based on deep learning and correlation
filtering have occupied a mainstream position, and have made a breakthrough progress
in the target tracking technologies. In particular, various discriminative methods based
on the image features obtained by deep learning have reached a leading level in tracking
performance. The deep learning method utilizes its efficient feature expression ability
obtained by end-to-end learning and training on large-scale image data, to make the

target tracking algorithm more accurate and fast.

[00142] A cross-domain tracking method (Multi-Domain Network, MDNet) based on
deep learning method learns, through a large number of off-line learning and on-line
updating strategies, to obtain high-precision classifiers for targets and non-targets, and
performs classification-discrimination and box-adjustment for the objects in subsequent

frames, and finally obtains tracking results. Such tracking method based entirely on
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deep learning has a huge improvement in tracking accuracy but has poor real-time
performance, for example, the number of frames per second (FPS) is 1. According to a
Generic Object Tracking Using Regression Network (GOTURN) method proposed in
the same year, the deep convolution neural network is used to extract the features of the
adjacent frames of images, and learn the location changes of the target features relative
to the previous frame to complete the target positioning operation of the subsequent
frames. The method achieves high real-time performance, such as 100FPS, while
maintaining a certain accuracy. Although the tracking method based on deep learning
has better performance in both speed and accuracy, the computation complexity brought
by the deeper network structures (such as VGG (Visual Geometry Group), ResNet
(Residual Network), and/or the like) makes it difficult to apply the tracking algorithm

with higher accuracy to the actual production.

[00143] For the tracking of any specified target object, the existing methods mainly
include frame-by-frame detection, correlation filtering, and real-time tracking algorithm
based on deep learning, and/or the like. These methods have some shortcomings in
real-time performance, accuracy and structural complexity, and are not well suitable for
complex tracking scenarios and actual mobile applications. The tracking method (such
as MDNet) based on the detection and classification method requires online learning
and is difficult to meet the real-time requirements. The correlation filtering-based and
detection-based tracking algorithm is used to fine-tune the shape of the target box in the
previous frame after predicting the location, and the resulting box is not accurate
enough. The method based on the region candidate box such as RPN (RegionProposal

Network) generates more redundant boxes and is computationally complex

[00144] The embodiments of the present disclosure aim to provide a method for target
tracking that is optimized in terms of real-time performance of the algorithm while

having higher accuracy.

[00145] FIG. 8A is a schematic flowchart of a method for target tracking according to

an embodiment of the disclosure. As illustrated in FIG. 8, the method includes following
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operations S810 to S§30.

[00146] At an operation S810, feature extraction is performed on the target image

region and the search region.

[00147] In the embodiment of the present disclosure, the target image region which is
tracked is given in the form of a target box in an initial frame (i.e., the first frame). The
search region is obtained by expanding a certain spatial region based on the tracking
location and size of the target in the previous frame. The feature extraction is performed,
through the same pre-trained deep convolution neural network, on the target region and
search region which have been scaled to different fixed sizes, to obtain respective image
features of the scaled target region and search region. That is, the image in which the
target is located and the image to be tracked are taken as the input to the convolution
neural network, and the features of the target image region and the features of the search
region are output through the convolution neural network. These operations are

described below.

[00148] Firstly, obtaining the target image region. In the embodiment of the present
disclosure, the tracked object is video data. Generally, location information of a center

of the target region is given in the form of a rectangular box in the first frame (the initial

frame) that is tracked, such as R¢ = (Xzo,y(t;orwto,hto) . By taking the location of the

center of the target region as the center location, a square region Rect; with the

constant area is clipped according to the size information after padding (pad,y, pady,)
based on the target length and width.

[00149] Next, obtaining the search region. Based on the tracking result Ry, of the
previous frame (e.g., the given target box Ry, in the initial frame), a square region

Recty, is obtained by taking the location of Ry, | as a center and performing the same

processing as the target image region, in the current frame t;. In order to include the

target object as much as possible, a larger content information region is added on the
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basis of the square region to obtain the search region.

[00150] Then, obtaining the input images by scaling the obtained images. In the
embodiment of the present disclosure, the image with the side length of Size; = 255
pixels is taken as the input of the search region, and the image with the side length of
Size, = 127 pixels is taken as the input of the target image region. The search region
SeachRect"i is scaled to a fixed size Size; and the target image region Rect'o is

scaled to a fixed size Size;.

[00151] Finally, feature extraction. The target feature F; (i.e., the feature of the target
image region) and the feature Fg of the search region are obtained by performing,
through the deep convolution neural network, feature extraction respectively on the

input images obtained by the scaling.

[00152] At an operation S820, the similarity metric feature of the search region is
calculated.
[00153] The target feature F; and the feature Fg of the search region are inputted. As

illustrated in FIG. 6, the F, is moved on the F in a manner of a sliding window, and
the correlation calculation is performed on the search sub-region (sub-region with the
same size as the target feature) and the target feature. Finally, the similarity metric

feature F. of the search region is obtained.
[00154] At an operation S830, the target is positioned.

[00155] In this operation, the similarity metric feature F. is taken as the input, and

finally a target point classification result Y, a deviation regression result Y, =

(Yox Yoy), and a length and width result Y, Yy, of the target box are output.

[00156] FIG. 8B illustrates a flowchart of positioning the target. A similarity metric
feature 81 is fed into a target point classification branch 82 to obtain a target point
classification result 83. The target point classification result 83 predicts whether a

search region corresponding to each point is a target region to be searched. The
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similarity metric feature 81 is fed into a regression branch 84 to obtain a deviation
regression result 85 of the target point and a length and width regression result 86 of the
target box. The deviation regression result 85 predicts a deviation from the target point
to a target center point. The length and width regression result 86 predicts the length and
width of the target box. Finally, a location of the target center point is obtained based on
location information of the target point with the highest similarity and the deviation
information, and the final result about the target box at the location of the target center
point is given based on the predicted result of the length and width of the target box.

The two processes of algorithm training and positioning are described below.

[00157] The algorithm training process. The algorithm uses back propagation to

perform an end-to end training on the feature extraction network and subsequent

classification and regression branches. The class label Lj corresponding to the target

point in the feature map is determined by the above formula (10). Each location on the
target point classification result Y outputs a binary classification result to determine

whether the location is located within the target box. The algorithm uses the

cross-entropy loss function to constrain the L, and Y, and adopts the smoothL1

calculation for a loss function about the deviation from the center point and the length
and width regression output. Based on the loss functions defined above, the network
parameters are trained by the calculation method of gradient backpropagation. After the
model training is completed, the network parameters are fixed, and the preprocessed
action region image is input into the network for feedforward to predict the target point
classification result Y, the deviation regression result Y,, and the length and width

result Yy, Y}, of the target box in the current frame.

¢ algorithm positioning process. Based on the location x™ an of the
[00158] The algorithm positioning p Based on the location x™ and y™ of th

maximum value point taken from the classification result Y, the deviation O™ = (0O,

03") obtained by prediction based on the maximum value point, and predicted length

and width information w™, h™, the target region R; in a new frame is calculated by

using formulas (1) to (5).

32



[00159] According to the embodiments of the present disclosure, the image similarity
feature map between the search region in the image to be tracked and the target image
region in the reference frame is determined, and positioning location information of the
region to be positioned in the image to be tracked is predicted or determined based on
the image similarity feature map (i.e., a detection box of the object to be tracked in the
image to be tracked including the search region is determined), so that the number of
pixel points involved in predicting the detection box of the object to be tracked is
effectively reduced, which not only improves the prediction efficiency and real-time
performance, but also reduces the calculation complexity of prediction, thereby
simplifying the network architecture of the neural network for predicting the detection
box of the object to be tracked, and making it more applicable to the mobile terminals

that have a high requirement for real-time performance and network structure simplicity.

[00160] According to the embodiment of the present disclosure, the predicted target is
fully trained by the end-to-end training method, which does not require the online
updating and has the high real-time performance. Moreover, the point location,
deviation and length and width of the target box are predicted directly through the
network, and the final target box information is obtained directly through calculation, so
the network structure is simpler and more effective, and there is no prediction process of
the candidate box, so that it is more suitable for the algorithm requirements of the
mobile terminals, and the real-time performance of the tracking algorithms is
maintained while improving the accuracy. The algorithms provided by the embodiments
of the present disclosure are used for tracking algorithm applications on mobile
terminals and embedded devices, such as face tracking in terminal devices, target
tracking through drones, and other scenarios. The algorithms are used to cooperate with
mobile or embedded devices to complete high-speed movements that are difficult to
follow by humans, as well as real-time intelligent tracking and direction correction

tracking tasks for the specified objects.

[00161] Corresponding to the above-described method for target tracking, the

embodiments of the present disclosure further provide an apparatus for target tracking.
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The apparatus is for use in a terminal device that needs to perform the target tracking,
and the apparatus and its respective modules perform the same operations as the
above-described method for target tracking, and achieve the same or similar beneficial

effects, and therefore repeated parts are not described here.

[00162] As illustrated in FIG. 9, the apparatus for target tracking provided by the
embodiments of the present disclosure includes an image obtaining module 910, a

similarity feature extraction module 920, a positioning module 930 and a tracking

module 940.
[00163] The image obtaining module 910 is configured to obtain video images.
[00164] The similarity feature extraction module 920 is configured to: for an image to

be tracked after a reference frame image in the video images, generate an image
similarity feature map between a search region in the image to be tracked and a target
image region in the reference frame image. The target image region includes an object

to be tracked.

[00165] The positioning module 930 is configured to determine, based on the image
similarity feature map, positioning location information of a region to be positioned in

the search region.

[00166] The tracking module 940 is configured to: in response to determining the
positioning location information of the region to be positioned in the search region,
determine, based on the determined positioning location information of the region to be
positioned, a detection box of the object to be tracked in the image to be tracked

including the search region.

[00167] In some embodiments, the positioning module 930 is configured to: predict,
based on the image similarity feature map, size information of the region to be
positioned; predict, based on the image similarity feature map, probability values of

respective feature pixel points in a feature map of the search region, a probability value
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of each feature pixel point represents a probability that a pixel point corresponding to
the feature pixel point in the search region is located within the region to be positioned;
predict, based on the image similarity feature map, location relationship information
between a respective pixel point corresponding to each feature pixel point and the
region to be positioned in the search region; select, as a target pixel point, a pixel point
in the search region corresponding to a feature pixel point with a largest probability
value among the predicted probability values; and determine the positioning location
information of the region to be positioned based on the target pixel point, the location
relationship information between the target pixel point and the region to be positioned,

and the size information of the region to be positioned.

[00168] In some embodiments, the similarity feature extraction module 920 is
configured to extract the target image region from the reference frame image by:
determining a detection box of the object to be tracked in the reference frame image;
determining, based on size information of the detection box in the reference frame
image, first extension size information corresponding to the detection box in the
reference frame image; and extending, based on the first extension size information, the

detection box in the reference frame image, to obtain the target image region.

[00169] In some embodiments, the similarity feature extraction module 920 is
configured to extract the search region from the image to be tracked by: obtaining a
detection box of the object to be tracked in a previous frame of image to be tracked of a
current frame of image to be tracked in the video images; determining, based on size
information of the detection box of the object to be tracked, second extension size
information corresponding to the detection box of the object to be tracked; determining
size information of a search region in the current frame of image to be tracked based on
the second extension size information and the size information of the detection box of
the object to be tracked; and determining, based on the size information of the search
region in the current frame of image to be tracked, the search region in the current frame
of image to be tracked by taking a center point of the detection box of the object to be

tracked as a center point of the search region in the current frame of image to be
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tracked.

[00170] In some embodiments, the similarity feature extraction module 920 is
configured to scale the search region to a first preset size, and scale the target image
region to a second preset size; generate a first image feature map in the search region
and a second image feature map in the target image region, a size of the second image
feature map is smaller than a size of the first image feature map; determine a correlation
feature between the second image feature map and each of sub-image feature maps in
the first image feature map, a size of the sub-image feature map is the same as the size
of the second image feature map; and generate the image similarity feature map based

on a plurality of determined correlation features.

[00171] In some embodiments, the apparatus for target tracking is configured to
determine, through a tracking and positioning neural network, the detection box of the
object to be tracked in the image to be tracked including the search region, and the
tracking and positioning neural network is obtained by training sample images labeled

with a detection box of a target object.

[00172] In some embodiments, the apparatus for target tracking further includes a
model training module 950 configured to: obtain the sample images, the sample images
include a reference frame sample image and at least one sample image to be tracked,
input the sample images into a tracking and positioning neural network to be trained,
process, through the tracking and positioning neural network to be trained, the input
sample images to predict a detection box of the target object in the sample image to be
tracked; and adjust network parameters of the tracking and positioning neural network
to be trained based on the labeled detection box in the sample image to be tracked and

the predicted detection box in the sample image to be tracked.

[00173] In some embodiments, positioning location information of a region to be
positioned in the sample image to be tracked is taken as location information of the

predicted detection box in the sample image to be tracked, and the model training
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module 950 is configured to, when adjusting the network parameters of the tracking and
positioning neural network to be trained based on the labeled detection box in the
sample image to be tracked and the predicted detection box in the sample image to be
tracked, adjust the network parameters of the tracking and positioning neural network to
be trained based on: size information of the predicted detection box, a predicted
probability value that each pixel point in a search region in the sample image to be
tracked is located within the predicted detection box, predicted location relationship
information between each pixel point in the search region in the sample image to be
tracked and the predicted detection box, standard size information of the labeled
detection box, information about whether each pixel point in a standard search region in
the sample image to be tracked is located within the labeled detection box; and standard
location relationship information between each pixel point in the standard search region

and the labeled detection box.

[00174] In the embodiments of the present disclosure, for the implementation of the
apparatus for target tracking during predicting the detection box, the reference is made
to the description of the method for target tracking. The implementation process is
similar to the description of the method for target tracking, and details are not described

herein again.

[00175] Embodiments of the present disclosure disclose an electronic device including
a processor 1001, a memory 1002, and a bus 1003. The memory 1002 is configured to
store machine-readable instructions executable by the processor 1001. The processor
1001 is configured to communicate with the memory 1002 via the bus 1003 when the

electronic device operates.

[00176] The machine-readable instructions, when executed by the processor 1001,
perform the following operations. Video images are obtained. For an image to be
tracked after a reference frame image in the video images, an image similarity feature
map between a search region in the image to be tracked and a target image region in the

reference frame image is generated. The target image region includes an object to be
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tracked. Positioning location information of a region to be positioned in the search
region is determined based on the image similarity feature map. In response to
determining the positioning location information of the region to be positioned in the
search region, a detection box of the object to be tracked in the image to be tracked
including the search region is determined based on the determined positioning location

information of the region to be positioned.

[00177] In addition, the machine-readable instructions, when executed by the
processor 1001, cause the processor to perform the method contents in any
implementation of the above method embodiments, and details are not described herein

again.

[00178] Embodiments of the present disclosure further provide a computer program
product corresponding to the above-described method and apparatus, including a
computer-readable storage medium having stored thereon program code. The program
code includes instructions that are used to perform the methods in the method
embodiments. For an implementation process, the reference is made to the method

embodiments, and details are not described herein again.

[00179] The above description of the various embodiments tends to emphasize the
differences between the various embodiments, the same or similar contents of which

may refer to each other, and for brevity, details are not described herein.

[00180] Those skilled in the art clearly understand that in order to the convenience and
conciseness of the description, for the specific working processes of the
above-described system and apparatus, the reference is made to the corresponding
processes in the foregoing method embodiments, and thus details are not described
herein. In the several embodiments provided by the disclosure, it should be understood
that the disclosed system, apparatus and method may be implemented in other ways. For
example, the apparatus embodiments described above are only illustrative. For example,

the division of the units is only a logical function division, and there may be other
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divisions in actual implementation. For example, multiple modules or components may
be combined or integrated into another system, or some features may be ignored or not
implemented. In addition, the displayed or discussed mutual coupling or direct coupling
or communication connection may be indirect coupling or communication connection
through some interfaces, apparatuses or modules, and may be in electrical, mechanical

or other forms.

[00181] The modules described as separate components may or may not be physically
separated, and the components displayed as modules may or may not be physical units,
that is, they may be located in one place, or they may be distributed on multiple network
units. Some or all of the units may be selected according to actual needs to achieve the

objectives of the solutions of the present embodiments.

[00182] In addition, the functional units in each embodiment of the disclosure may be
integrated into one processing unit, or each unit may exist separately and physically, or

two or more units may be integrated into one unit.

[00183] The function, if implemented in the form of a software functional unit and is
sold or used as an independent product, can be stored in a computer readable storage
medium. Based on such an understanding, the technical solution of the embodiments of
the disclosure or the part that contributes to the related art or the part of the technical
solution may be embodied in the form of a software product. The computer software
product is stored in a storage medium, including several instructions to make a
computer device (which may be a personal computer, a server or a network device, or
the like) execute all or part of the operations of the methods described in the each
embodiment of the disclosure. The aforementioned storage medium includes: U disks,
mobile hard disks, read-only memories (ROM), random access memories (RAM),

magnetic disks or optical disks and other media that store program codes.

[00184] The foregoing is only the specific implementation of the embodiments of the

disclosure. However, the protection scope of the disclosure is not limited thereto. Any
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variations or replacements apparent to those skilled in the art within the technical scope
disclosed by the present disclosure shall fall within the protection scope of the present
disclosure. Therefore, the protection scope of the disclosure shall be subject to the

protection scope of the claims.

INDUSTRIAL PRACTICABILITY

[00185] In the embodiments of the present disclosure, the predicted target box is fully
trained through the end-to-end training method, which does not require the online
updating, and has high the real-time performance. Moreover, the final target box
information is directly obtained by directly predicting the point location, deviation, and
the length and width result of the target box through the tracking network. The network
structure is simpler and more efficient, and there is no prediction process of candidate
boxes, which is more suitable for the algorithm requirements of the mobile terminal, and
maintains the real-time performance of the tracking algorithm while improving the

accuracy.
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CLAIMS

1. A method for target tracking, comprising:

obtaining video images;

for an image to be tracked after a reference frame image in the video images,
generating an image similarity feature map between a search region in the image to be
tracked and a target image region in the reference frame image, wherein the target image

region comprises an object to be tracked,

determining, based on the image similarity feature map, positioning location

information of a region to be positioned in the search region; and

in response to determining the positioning location information of the region to be
positioned in the search region, determining, based on the determined positioning location
information of the region to be positioned, a detection box of the object to be tracked in the

image to be tracked comprising the search region.

2. The method for target tracking of claim 1, wherein determining, based on the image
similarity feature map, the positioning location information of the region to be positioned in

the search region comprises:

predicting, based on the image similarity feature map, size information of the region

to be positioned;

predicting, based on the image similarity feature map, probability values of respective
feature pixel points in a feature map of the search region, wherein a probability value of each
feature pixel point represents a probability that a pixel point corresponding to the feature

pixel point in the search region is located within the region to be positioned;
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predicting, based on the image similarity feature map, location relationship
information between a respective pixel point corresponding to each feature pixel point in the

search region and the region to be positioned;

selecting, as a target pixel point, a pixel point in the search region corresponding to a
feature pixel point with a largest probability value among the predicted probability values;

and

determining the positioning location information of the region to be positioned based
on the target pixel point, the location relationship information between the target pixel point

and the region to be positioned, and the size information of the region to be positioned.

3. The method for target tracking of claim 1 or 2, further comprising: extracting the target

image region from the reference frame image by:

determining a detection box of the object to be tracked in the reference frame image;

determining, based on size information of the detection box in the reference frame
image, first extension size information corresponding to the detection box in the reference

frame image; and

extending, based on the first extension size information, the detection box in the

reference frame image, to obtain the target image region.

4. The method for target tracking of claim 1 or 2, further comprising: extracting the search

region from the image to be tracked by:

obtaining a detection box of the object to be tracked in a previous frame of image to

be tracked of a current frame of image to be tracked in the video images;

determining, based on size information of the detection box of the object to be tracked,
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second extension size information corresponding to the detection box of the object to be

tracked;

determining size information of a search region in the current frame of image to be
tracked based on the second extension size information and the size information of the

detection box of the object to be tracked; and

determining, based on the size information of the search region in the current frame
image to be tracked, the search region by taking a center point of the detection box of the
object to be tracked as a center point of the search region in the current frame of image to be

tracked.

5. The method for target tracking of any one of claims 1 to 4, wherein generating the image
similarity feature map between the search region in the image to be tracked and the target

image region in the reference frame image comprises:

scaling the search region to a first preset size, and scaling the target image region to a

second preset size;

generating a first image feature map in the search region and a second image feature
map in the target image region, wherein a size of the second image feature map is smaller

than a size of the first image feature map;

determining a correlation feature between the second image feature map and each of
sub-image feature maps in the first image feature map, wherein a size of the sub-image

feature map is the same as the size of the second image feature map; and

generating the image similarity feature map based on a plurality of determined

correlation features.
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6. The method for target tracking of any one of claims 1 to 5, wherein the method for target
tracking is performed by a tracking and positioning neural network, and wherein the tracking
and positioning neural network is obtained by training sample images labeled with a

detection box of a target object.

7. The method for target tracking of claim 6, further comprising: training the tracking and

positioning neural network comprising:

obtaining the sample images, wherein the sample images comprise a reference frame

sample image and at least one sample image to be tracked;

inputting the sample images into a tracking and positioning neural network to be
trained, and processing, through the tracking and positioning neural network to be trained, the
input sample images to predict a detection box of the target object in the sample image to be

tracked; and

adjusting network parameters of the tracking and positioning neural network to be
trained based on the labeled detection box in the sample image to be tracked and the

predicted detection box in the sample image to be tracked.

8. The method for target tracking of claim 7, wherein positioning location information of a
region to be positioned in the sample image to be tracked is taken as location information of

the predicted detection box in the sample image to be tracked, and

wherein adjusting the network parameters of the tracking and positioning neural
network to be trained based on the labeled detection box in the sample image to be tracked

and the predicted detection box in the sample image to be tracked comprises:

adjusting the network parameters of the tracking and positioning neural network to be

trained based on:
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size information of the predicted detection box,

a predicted probability value that each pixel point in a search region in the sample

image to be tracked is located within the predicted detection box,

predicted location relationship information between each pixel point in the search

region in the sample image to be tracked and the predicted detection box,

standard size information of the labeled detection box,

information about whether each pixel point in a standard search region in the sample

image to be tracked is located within the labeled detection box, and

standard location relationship information between each pixel point in the standard

search region and the labeled detection box.

9. An apparatus for target tracking, comprising:

an image obtaining module, configured to obtain video images;

a similarity feature extraction module, configured to: for an image to be tracked after
a reference frame image in the video images, generate an image similarity feature map
between a search region in the image to be tracked and a target image region in the reference

frame image, wherein the target image region comprises an object to be tracked;

a positioning module, configured to determine, based on the image similarity feature

map, positioning location information of a region to be positioned in the search region; and

a tracking module, configured to: in response to determining the positioning location
information of the region to be positioned in the search region, determine, based on the
determined positioning location information of the region to be positioned, a detection box of

the object to be tracked in the image to be tracked comprising the search region.
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10. The apparatus for target tracking of claim 9, wherein the positioning module is configured

to:

predict, based on the image similarity feature map, size information of the region to

be positioned;

predict, based on the image similarity feature map, probability values of respective
feature pixel points in a feature map of the search region, wherein a probability value of each
feature pixel point represents a probability that a pixel point corresponding to the feature

pixel point in the search region is located within the region to be positioned;

predict, based on the image similarity feature map, location relationship information
between a respective pixel point corresponding to each feature pixel point in the search

region and the region to be positioned;

select, as a target pixel point, a pixel point in the search region corresponding to a
feature pixel point with a largest probability value among the predicted probability values;

and

determine the positioning location information of the region to be positioned based on
the target pixel point, the location relationship information between the target pixel point and

the region to be positioned, and the size information of the region to be positioned.

11. The apparatus for target tracking of claim 9 or 10, wherein the similarity feature
extraction module is configured to extract the target image region from the reference frame

image by:

determining a detection box of the object to be tracked in the reference frame image;

determining, based on size information of the detection box in the reference frame
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image, first extension size information corresponding to the detection box in the reference

frame image; and

extending, based on the first extension size information, the detection box in the

reference frame image, to obtain the target image region.

12. The apparatus for target tracking of claim 9 or 10, wherein the similarity feature

extraction module is configured to extract the search region from the image to be tracked by:

obtaining a detection box of the object to be tracked in a previous frame of image to

be tracked of a current frame of image to be tracked in the video images;

determining, based on size information of the detection box of the object to be tracked,
second extension size information corresponding to the detection box of the object to be

tracked;

determining size information of a search region in the current frame of image to be
tracked based on the second extension size information and the size information of the

detection box of the object to be tracked; and

determining, based on the size information of the search region in the current frame of
image to be tracked, the search region by taking a center point of the detection box of the
object to be tracked as a center point of the search region in the current frame of image to be

tracked.

13. The apparatus for target tracking of any one of claims 9 to 12, wherein the similarity

feature extraction module is configured to:

scale the search region to a first preset size, and scale the target image region to a

second preset size;
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generate a first image feature map in the search region and a second image feature
map in the target image region, wherein a size of the second image feature map is smaller

than a size of the first image feature map;

determine a correlation feature between the second image feature map and each of
sub-image feature maps in the first image feature map, wherein a size of the sub-image

feature map is the same as the size of the second image feature map; and

generate the image similarity feature map based on a plurality of determined

correlation features.

14. The apparatus for target tracking of any one of claims 9 to 13, wherein the apparatus for
target tracking is configured to determine, through a tracking and positioning neural network,
the detection box of the object to be tracked in the image to be tracked comprising the search
region, and wherein the tracking and positioning neural network is obtained by training

sample images labeled with a detection box of a target object.

15. The apparatus for target tracking of claim 14, further comprising a model training module,

configured to:

obtain the sample images, wherein the sample images comprise a reference frame

sample image and at least one sample image to be tracked;

input the sample images into a tracking and positioning neural network to be trained,
process, through the tracking and positioning neural network to be trained, the input sample

images to predict a detection box of the target object in the sample image to be tracked; and

adjust network parameters of the tracking and positioning neural network to be trained
based on the labeled detection box in the sample image to be tracked and the predicted

detection box in the sample image to be tracked.
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16. The apparatus for target tracking of claim 15, wherein positioning location information of
a region to be positioned in the sample image to be tracked is taken as location information of

the predicted detection box in the sample image to be tracked, and

wherein the model training module is configured to, when adjusting the network
parameters of the tracking and positioning neural network to be trained based on the labeled
detection box in the sample image to be tracked and the predicted detection box in the sample
image to be tracked, adjust the network parameters of the tracking and positioning neural

network to be trained based on:

size information of the predicted detection box in the sample image to be tracked,

a predicted probability value that each pixel point in a search region in the sample
image to be tracked is located within the predicted detection box in the sample image to be

tracked,

predicted location relationship information between each pixel point in the search
region in the sample image to be tracked and the predicted detection box in the sample image

to be tracked,

standard size information of the labeled detection box in the sample image to be

tracked,

information about whether each pixel point in a standard search region in the sample

image to be tracked is located within the labeled detection box, and

standard location relationship information between each pixel point in the standard
search region in the sample image to be tracked and the labeled detection box in the sample

image to be tracked.
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17. An electronic device, comprising a processor, a storage medium and a bus, the storage
medium having stored thereon machine-readable instructions executable by the processor, the
processor communicating with the storage medium via the bus when the electronic device
operates, and the machine-readable instructions, when executed by the processor, performing

the method for target tracking of any one of claims 1 to 8.

18. A computer-readable storage medium having stored thereon a computer program that,
when executed by a processor, causes the processor to perform the method for target tracking

of any one of claims 1 to 8.
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