TARGET DETECTION AND TRAINING FOR TARGET DETECTION
NETWORK

TECHNICAL FIELD

[ 0001] The disclosure relates to the technical field of image processing, and in
particular to a method, apparatus and device for target detection, as well as a training

method, apparatus and device for target detection network.

BACKGROUND

[ 0002] Target detection is an important issue in the field of computer vision.
Particularly for detection on military targets such as airplanes and vessels, due to the
features of large image size and small target size, the detection is very tough. Moreover,
for targets having a closely arranged state such as the vessels, the detection accuracy is

relatively low.

SUMMARY

[ 0003] Embodiments of the disclosure provide a method, apparatus and device for
target detection, as well as a training method, apparatus and device for target detection

network.

[ 0004] A first aspect provides a method for target detection, which includes the

following operations.

[ 0005] Feature data of an input image is obtained; multiple candidate bounding boxes
of the input image are determined according to the feature data; a foreground
segmentation result of the input image is obtained according to the feature data, the

foreground segmentation result including indication information for indicating whether



each of multiple pixels of the input image belongs to a foreground; and a target detection
result of the input image is obtained according to the multiple candidate bounding boxes

and the foreground segmentation result.

[ 0006] In combination with any implementation mode provided by the disclosure, the
operation that the target detection result of the input image is obtained according to the
multiple candidate bounding boxes and the foreground segmentation result includes that:
at least one target bounding box is selected from the multiple candidate bounding boxes
according to an overlapping area between each candidate bounding box in the multiple
candidate bounding boxes and a foreground image region corresponding to the
foreground segmentation result; and the target detection result of the input image is

obtained based on the at least one target bounding box.

[ 0007] In combination with any implementation mode provided by the disclosure, the
operation that the at least one target bounding box is selected from the multiple candidate
bounding boxes according to the overlapping area between each candidate bounding box
in the multiple candidate bounding boxes and the foreground image region corresponding
to the foreground segmentation result includes that: for each candidate bounding box in
the multiple candidate bounding boxes, if a ratio of an overlapping area between the
candidate bounding box and the foreground image region to an area of the candidate
bounding box is greater than a first threshold, the candidate bounding box is taken as the

target bounding box.

[ 0008] In combination with any implementation mode provided by the disclosure, the
at least one target bounding box includes a first bounding box and a second bounding box,
and the operation that the target detection result of the input image is obtained based on
the at least one target bounding box includes that: an overlapping parameter between the
first bounding box and the second bounding box is determined based on an angle
between the first bounding box and the second bounding box; and a target object position
corresponding to the first bounding box and the second bounding box is determined
based on the overlapping parameter between the first bounding box and the second

bounding box.

[ 0009] In combination with any implementation mode provided by the disclosure, the



operation that the overlapping parameter between the first bounding box and the second
bounding box is determined based on the angle between the first bounding box and the
second bounding box includes that: an angle factor is obtained according to the angle
between the first bounding box and the second bounding box; and the overlapping
parameter is obtained according to an Intersection over Union (IoU) between the first

bounding box and the second bounding box and the angle factor.

[ 0010] In combination with any implementation mode provided by the disclosure, the
overlapping parameter between the first bounding box and the second bounding box is a
product of the IoU and the angle factor; and the angle factor increases with the increase

of the angle between the first bounding box and the second bounding box.

[0011] In combination with any implementation mode provided by the disclosure, in a
case where the ToU keeps fixed, the overlapping parameter of the first bounding box and
the second bounding box increases with an increase of the angle between the first

bounding box and the second bounding box.

[0012] In combination with any implementation mode provided by the disclosure, the
operation that the target object position corresponding to the first bounding box and the
second bounding box is determined based on the overlapping parameter between the first
bounding box and the second bounding box includes that: in a case where the
overlapping parameter between the first bounding box and the second bounding box is
greater than a second threshold, one of the first bounding box and the second bounding

box is taken as the target object position.

[ 0013] In combination with any implementation mode provided by the disclosure, the
operation that the one of the first bounding box and the second bounding box is taken as
the target object position includes that: an overlapping parameter between the first
bounding box and the foreground image region corresponding to the foreground
segmentation result is determined, and an overlapping parameter between the second
bounding box and the foreground image region is determined; and one of the first
bounding box and the second bounding box, of which the overlapping parameter with the
foreground image region is larger than that of another, is taken as the target object

position.



[ 0014] In combination with any implementation mode provided by the disclosure, the
operation that the target object position corresponding to the first bounding box and the
second bounding box is determined based on the overlapping parameter between the first
bounding box and the second bounding box includes that: in a case where the
overlapping parameter between the first bounding box and the second bounding box is
smaller than or equal to the second threshold, each of the first bounding box and the

second bounding box are taken as a target object position.

[ 0015] In combination with any implementation mode provided by the disclosure, a
length-width ratio of a to-be-detected target object in the input image is greater than a

specific value.

[ 0016] A second aspect provides a training method for a target detection network. The
target detection network includes a feature extraction network, a target prediction
network and a foreground segmentation network, and the method includes the following

operations.

[0017] Feature extraction processing is performed on a sample image through the
feature extraction network to obtain feature data of the sample image; multiple sample
candidate bounding boxes are obtained through the target prediction network according
to the feature data; a sample foreground segmentation result of the sample image is
obtained through the foreground segmentation network according to the feature data, the
sample foreground segmentation result including indication information for indicating
whether each of multiple pixels of the sample image belongs to a foreground; a network
loss value is determined according to the multiple sample candidate bounding boxes, the
sample foreground segmentation result and labeling information of the sample image;
and a network parameter of the target detection network is adjusted based on the network

loss value.

[ 0018] In combination with any implementation mode provided by the disclosure, the
labeling information includes at least one ground-truth bounding box of at least one
target object included in the sample image, and the operation that the network loss value
is determined according to the multiple sample candidate bounding boxes, the sample

foreground image region and the labeling information of the sample image includes that:



for each candidate bounding box in the multiple candidate bounding boxes, an loU
between the candidate bounding box and each of at least one ground-truth target
bounding box labeled in the sample image is determined; and a first network loss value is
determined according to the determined IoU for each candidate bounding box in the

multiple candidate bounding boxes.

[0019] In combination with any implementation mode provided by the disclosure, the
[oU between the candidate bounding box and the ground-truth target bounding box is
obtained based on a circumcircle including the candidate bounding box and the ground-

truth target bounding box.

[ 0020] In combination with any implementation mode provided by the disclosure, in a
process of determining the network loss value, a weight corresponding to a width of the
candidate bounding box is higher than a weight corresponding to a length of the

candidate bounding box.

[ 0021] In combination with any implementation mode provided by the disclosure, the
operation that the sample foreground segmentation result of the sample image is obtained
through the foreground segmentation network according to the feature data includes that:
upsampling processing is performed on the feature data, so as to make a size of the
processed feature data to be same as that of the sample image; and pixel segmentation is
performed based on the processed feature data to obtain the sample foreground

segmentation result of the sample image.

[ 0022] In combination with any implementation mode provided by the disclosure, a
length-width ratio of a target object included in the sample image is higher than a set

value.

[ 0023] A third aspect provides an apparatus for target detection, which includes: a
feature extraction unit, a target prediction unit, a foreground segmentation unit and a

target determination unit.

[ 0024] The feature extraction unit is configured to obtain feature data of an input
image; the target prediction unit is configured to determine multiple candidate bounding

boxes of the input image according to the feature data; the foreground segmentation unit



is configured to obtain a foreground segmentation result of the input image according to
the feature data, the foreground segmentation result including indication information for
indicating whether each of multiple pixels of the input image belongs to a foreground;
and the target determination unit is configured to obtain a target detection result of the
input image according to the multiple candidate bounding boxes and the foreground

segmentation result.

[ 0025] A fourth aspect provides an training apparatus for a target detection network.
The target detection network includes a feature extraction network, a target prediction
network and a foreground segmentation network, and the apparatus includes: a feature
extraction unit, a target prediction unit, a foreground segmentation unit, a loss value

determination unit and a parameter adjustment unit.

[ 0026] The feature extraction unit is configured to perform feature extraction
processing on a sample image through the feature extraction network to obtain feature
data of the sample image; the target prediction unit is configured to obtain multiple
sample candidate bounding boxes through the target prediction network according to the
feature data; the foreground segmentation unit is configured to obtain a sample
foreground segmentation result of the sample image through the foreground
segmentation network according to the feature data, the sample foreground segmentation
result including indication information for indicating whether each of multiple pixels of
the sample image belongs to a foreground; the loss value determination unit is configured
to determine a network loss value according to the multiple sample candidate bounding
boxes and the sample foreground segmentation result as well as labeling information of
the sample image; and the parameter adjustment unit is configured to adjust a network

parameter of the target detection network based on the network loss value.

[ 0027] A fifth aspect provides a device for target detection, which includes a memory
and a processor; the memory is configured to store computer instructions capable of
running on the processor; and the processor is configured to execute the computer

instructions to implement the above method for target detection.

[ 0028] A sixth aspect provides a target detection network training device, which

includes a memory and a processor; the memory is configured to store computer



instructions capable of running on the processor; and the processor is configured to
execute the computer instructions to implement the above target detection network

training method.

[ 0029] A seventh aspect provides a non-volatile computer-readable storage medium,
which stores computer programs thereon; and the computer programs are executed by a
processor to cause the processor to implement the above method for target detection,

and/or, to implement the above training method for a target detection network.

[ 0030] According to the method for target detection, an apparatus and a device as well
as a training method for target detection networks, an apparatus and a device provided by
one or more embodiments of the disclosure, the multiple candidate bounding boxes are
determined according to the feature data of the input image, and the foreground
segmentation result is obtained according to the feature data; and in combination with the
multiple candidate bounding box and the foreground segmentation result, the detected

target object can be determined more accurately.

[ 0031] It is to be understood that the above general descriptions and detailed
descriptions below are only exemplary and explanatory and not intended to limit the

present disclosure.

BRIEF DESCRIPTION OF THE DRAWINGS

[ 0032] The accompanying drawings, which are incorporated in and constitute a part of
the specification, illustrate embodiments consistent with the disclosure and, together with

the description, serve to explain the principles of the disclosure.

[ 0033] FIG. 1 is a flowchart of a method for target detection according to

embodiments of the disclosure.

[ 0034] FIG. 2 is a schematic diagram of a method for target detection according to

embodiments of the disclosure.

[ 0035] FIG. 3A and FIG. 3B respectively are a diagram of a vessel detection result



according to embodiments of the disclosure.
[ 0036] FIG. 4 is a schematic diagram of a target bounding box in the relevant art.

[ 0037] FIG. 5A and FIG. 5B respectively are a schematic diagram of a method for
calculating an overlapping parameter according to exemplary embodiments of the

disclosure.

[ 0038] FIG. 6 is a flowchart of a training method for target detection network

according to embodiments of the disclosure.

[ 0039] FIG. 7 is a schematic diagram of a method for calculating an IoU according to

embodiments of the disclosure.

[ 0040] FIG. 8 is a network structural diagram of a target detection network according

to embodiments of the disclosure.

[ 0041] FIG. 9 is a schematic diagram of a training method for target detection network

according to embodiments of the disclosure.

[ 0042] FIG. 10 is a flowchart of a method for predicting a candidate bounding box

according to embodiments of the disclosure.

[ 0043] FIG. 11 is a schematic diagram of an anchor box according to embodiments of

the disclosure.

[ 0044] FIG. 12 is a flowchart of a method for predicting a foreground image region

according to exemplary embodiments of the disclosure.

[ 0045] FIG. 13 is a structural schematic diagram of an apparatus for target detection

according to exemplary embodiments of the disclosure.

[ 0046] FIG. 14 is a structural schematic diagram of a training apparatus for target

detection network according to exemplary embodiments of the disclosure.

[ 0047] FIG. 15 is a structural diagram of a device for target detection according to

exemplary embodiments of the disclosure.



[ 0048] FIG. 16 is a structural diagram of a training device for target detection network

according to exemplary embodiments of the disclosure.

DETAILED DESCRIPTION

[ 0049] Reference will now be made in detail to exemplary embodiments, examples of
which are illustrated in the accompanying drawings. The following description refers to
the accompanying drawings in which the same numbers in different drawings represent
the same or similar elements unless otherwise represented. The implementations set forth
in the following description of exemplary embodiments do not represent all
implementations consistent with the present disclosure. Instead, they are merely
examples of apparatuses and methods consistent with aspects related to the present

disclosure as recited in the appended claims.

[ 0050] It is to be understood that the technical solutions provided in the embodiments
of the disclosure are mainly applied to detecting an elongated small target in an image

but is not limited thereto in the embodiments of the disclosure.

[ 0051] FIG. 1 illustrates a method for target detection. The method may include the

following operations.
[ 0052] In 101, feature data (such as a feature map) of an input image is obtained.

[ 0053] In some embodiments, the input image may be a remote sensing image. The
remote sensing image may be an image obtained through a ground-object
electromagnetic radiation characteristic signal and the like that is detected by a sensor
carried on an artificial satellite and an aerial plane. It is to be understood by those skilled
in the art that the input image may also be other types of images and is not limited to the

remote sensing image.

[ 0054] In an example, the feature data of the sample image may be extracted through a
feature extraction network such as a convolutional neural network. The specific structure

of the feature extraction network is not limited in the embodiments of the disclosure. The



extracted feature data is multi-channel feature data. The size and the number of channels
of the feature data are determined by the specific structure of the feature extraction

network.

[ 0055] In another example, the feature data of the input image may be obtained from
other devices, for example, feature data sent by a terminal is received, which is not

limited thereto in the embodiments of the disclosure.

[ 0056] In 102, multiple candidate bounding boxes of the input image are determined

according to the feature data.

[ 0057] In this operation, the candidate bounding box is obtained by predicting with,
for example, a region of interest (ROI) technology and the like. The operation includes
obtaining parameter information of the candidate bounding box, and the parameter may
include one or any combination of a length, a width, a coordinate of a central point, an

angle and the like of the candidate bounding box.

[ 0058] In 103, a foreground segmentation result of the input image is obtained
according to the feature data, the foreground segmentation result including indication
information for indicating whether each of multiple pixels of the input image belongs to a

foreground.

[ 0059] The foreground segmentation result, obtained based on the feature data,
includes a probability that each pixel, in multiple pixels of the input image, belongs to the
foreground and/or the background. The foreground segmentation result provides a pixel-

level prediction result.

[ 0060] In 104, a target detection result of the input image is obtained according to the

multiple candidate bounding boxes and the foreground segmentation result.

[ 0061] In some embodiments, the multiple candidate bounding boxes determined
according to the feature data of the input image and the foreground segmentation result
obtained through the feature data have a corresponding relationship. By mapping the
multiple candidate bounding boxes to the foreground segmentation result, the candidate

bounding box having better fitting with an outline of the target object is closer to overlap

10



with the foreground image region corresponding to the foreground segmentation result.
Therefore, in combination with the determined multiple candidate bounding boxes and
the obtained foreground segmentation result, the detected target object may be
determined more accurately. In some embodiments, the target detection result may
include a position, the number and other information of the target object included in the

input image.

[ 0062] In an example, at least one target bounding box may be selected from the
multiple candidate bounding boxes according to an overlapping area between each
candidate bounding box in the multiple candidate bounding boxes and a foreground
image region corresponding to the foreground segmentation result; and the target
detection result of the input image is obtained based on the at least one target bounding

box.

[ 0063] In the multiple candidate bounding boxes, the larger the overlapping area with
the foreground image region, the closer the overlapping between the candidate bounding
box and the foreground image region, which indicates that the fitting between the
candidate bounding box and the outline of the target object is better, and also indicates
that the prediction result of the candidate bounding box is more accurate. Therefore,
according to the overlapping area between the candidate bounding box and the
foreground image, at least one candidate bounding box may be selected from the multiple
candidate bounding boxes to serve as a target bounding box, and the selected target
bounding box is taken as the detected target object to obtain the target detection result of

the input image.

[ 0064] For example, a candidate bounding box having a proportion occupied by the
overlapping area with the foreground image region in the whole candidate bounding box
greater than the first threshold in the multiple candidate bounding boxes may be taken as
the target bounding box. The larger the proportion occupied by the overlapping area in
the whole candidate bounding box, the higher the degree of overlapping between the
candidate bounding box and the foreground image region. It is to be understood by those
skilled in the art that the specific value of the first threshold is not limited in the

disclosure, and may be determined according to an actual demand.
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[ 0065] The method for target detection in the embodiments of the disclosure may be
applied to a to-be-detected target object having an excessive length-width ratio, such as
an airplane, a vessel, a vehicle and other military objects. In an example, the excessive
length-width ratio refers to that the length-width ratio is greater than a specific value, for
example, the length-width ratio is greater than 5. It is to be understood by those skilled in
the art that the specific value may be specifically determined according to the detected

object. In an example, the target object may be the vessel.

[ 0066] Hereinafter, the case where the input image is the remote sensing image and
the detection target is the vessel is used as an example to describe the target detection
process. It is to be understood by those skilled in the art that the method for target
detection may also be used for other target objects. FIG. 2 illustrates the schematic

diagram of the method for target detection.

[ 0067] Firstly, multi-channel feature data (i.e., the feature map 220 in FIG. 2) of the

remote sensing image (i.e., the input image 210 in FIG. 2) is obtained.

[ 0068] The above feature data is respectively input to a first branch (the upper branch
230 in FIG. 2) and a second branch (the lower branch 240 in FIG. 2) and subjected to the

following processing.
[ 0069] Concerning the first branch

[ 0070] A confidence score is generated for each anchor box. The confidence score is
associated with the probability of the inside of the anchor box being the foreground or the
background, for example, the higher the probability of the anchor box being the

foreground is, the higher the confidence score is.

[ 0071] In some embodiments, the anchor box is a rectangular box based on priori
knowledge. The specific implementation method of the anchor box may refer to the
subsequent description on training of the target detection network, and is not detailed
herein. The anchor box may be taken as a whole for prediction, so as to calculate the
probability of the inside of the anchor box being the foreground or the background, i.e.,
whether an object or a special target is included in the anchor box is predicted. If the

anchor box includes the object or the special target, the anchor box is determined as the
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foreground.

[ 0072] In some embodiments, according to confidence scores, at least one anchor box
of which the confidence score is the highest or exceed a certain threshold may be selected
as the foreground anchor box; by predicting an offset of the foreground anchor box to the
candidate bounding box, the foreground anchor box may be shifted to obtain the
candidate bounding box; and based on the offset, the parameter of the candidate

bounding box may be obtained.

[ 0073] In an example, the anchor box may include direction information, and may be
provided with multiple length-width ratios to cover the to-be-detected target object. The
specific number of directions and the specific value of the length-width ratio may be set
according to an actual demand. As shown in FIG. 11, the constructed anchor box
corresponds to six directions, where the w denotes a width of the anchor box, the |
denotes a length of the anchor box, the 6 denotes an angle of the anchor box (a rotation
angle of the anchor box relative to a horizontal direction), and the (x,y) denotes a
coordinate of a central point of the anchor box. For six anchor boxes uniformly
distributed in the direction, the values of 8 may be 0°, 30°, 60°, 90°, -30° and -60°,

respectively.

[ 0074] In an example, after the one or more candidate bounding boxes are generated,
one or more overlapped detection boxes may further be removed by Non-Maximum
Suppression (NMS). For example, all candidate bounding boxes may be first traversed;
the candidate bounding box having the highest confidence score is selected; the rest
candidate bounding boxes are traversed; and if a bounding box of which the loU with the
bounding box currently having the highest score is greater than a certain threshold, the
bounding box is removed. Thereafter, the candidate bounding box having the highest
score is continuously selected from the unprocessed candidate bounding boxes, and the
above process is repeated. With multiple times of iterations, the one or more
unsuppressed candidate bounding boxes are kept finally to serve as the determined
candidate bounding boxes. With FIG. 2 as an example, through the NMS processing,
three candidate bounding boxes labeled as 1, 2, and 3 in the candidate bounding box map

231 are obtained.
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[ 0075] Concerning the second branch

[ 0076] According to the feature data, for each pixel in the input image, a probability
of the each pixel being the foreground or the background is predicted, and by taking the
pixel of which the probability being the foreground is higher than the set value as the

foreground pixel, a pixel-level foreground segmentation result 241 is generated.

[ 0077] As the results output by the first branch and the second branch are consistent in
size, the one or more candidate bounding boxes may be mapped to the pixel
segmentation result, and the target bounding box is determined according to the
overlapping area between the one or more candidate bounding boxes and the foreground
image region corresponding to the foreground segmentation result. For example, the
candidate bounding box having a proportion occupied by the overlapping area in the
whole candidate bounding box greater than the first threshold may be taken as the target

bounding box.

[ 0078] With FIG. 2 as an example, by mapping three candidate bounding boxes
labeled as 1, 2 and 3 respectively to the foreground segmentation result, the proportion,
occupied by the overlapping area between each candidate bounding box and the
foreground image region, in the whole candidate bounding box may be calculated. For
instance, the proportion for the candidate bounding box 1 is 92%, the proportion for the
candidate bounding box 2 is 86%, and the proportion for the candidate bounding box 3 is
65%. In a case where the first threshold is 70%, the probability of the candidate bounding
box 3 being the target bounding box is excluded; and in the finally detected output result
diagram 250, the target bounding box is the candidate bounding box 1 and the candidate
bounding box 2.

[ 0079] By detecting with the above method, the output target bounding boxes still
have a probability that they are overlapped. For example, during NMS processing, if an
excessively high threshold is set, it is possible that the overlapped candidate bounding
boxes are not suppressed. In a case where the proportion, occupied by the overlapping
area between the candidate bounding box and the foreground image region, in the whole
candidate bounding box exceeds the first threshold, the finally output target bounding

boxes may still include the overlapped bounding boxes.
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[ 0080] In a case where the selected at least one target bounding box includes a first
bounding box and a second bounding box, the final target object may be determined by
the following method in the embodiments of the disclosure. It is to be understood by
those skilled in the art that the method is not limited to process two overlapped bounding
boxes, and may also process multiple overlapped bounding boxes in a method of
processing two bounding boxes firstly and then processing one kept bounding box and

other bounding boxes.

[ 0081] In some embodiments, an overlapping parameter between the first bounding
box and the second bounding box is determined based on an angle between the first
bounding box and the second bounding box; and target object position(s) corresponding
to the first bounding box and the second bounding box is/are determined based on the

overlapping parameter of the first bounding box and the second bounding box.

[ 0082] In a case where two to-be-detected target objects are closely arranged, it is
possible that target bounding boxes (the first bounding box and the second bounding box)
of the two to-be-detected target objects are repeated. However, in such a case, the first
bounding box and the second bounding box often have a relatively small loU. Therefore,
whether detection objects in the two bounding boxes are the target objects are determined
by setting the overlapping parameter between the first bounding box and the second

bounding box in the disclosure.

[ 0083] In some embodiments, in a case where the overlapping parameter is greater
than a second threshold, it is indicated that the first bounding box and the second
bounding box may include only a same target object, and one bounding box therein is
taken as the target object position. Since the foreground segmentation result includes the
pixel-level foreground image region, which bounding box is kept and taken as the
bounding box of the target object may be determined by use of the foreground image
region. For example, the first overlapping parameter between the first bounding box and
the corresponding foreground image region and the second overlapping parameter
between the second bounding box and the corresponding foreground image region may
be respectively calculated, the target bounding box corresponding to a larger value in the

first overlapping parameter and the second overlapping parameter is determined as the
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target object, and the target bounding box corresponding to a smaller value is removed.
By means of the above method, two or more bounding boxes that are overlapped on one

target object are removed.

[ 0084] In some embodiments, in a case where the overlapping parameter is smaller
than or equal to the second threshold, each of the first bounding box and the second

bounding box are taken as a target object position.

[ 0085] The process for determining the final target object is described below
exemplarily.
[ 0086] In an embodiment, as shown in FIG. 3A, the bounding boxes A and B are

vessel detection result. The bounding box A and the bounding box B are overlapped, and
the overlapping parameter between the bounding box A and the bounding box B is
calculated as 0.1. In a case where the second threshold is 0.3, it is determined that the
bounding box A and the bounding box B are detection results of two different vessels. By
mapping the bounding boxes to the pixel segmentation result, it can be seen that the
bounding box A and the bounding box B respectively correspond to different vessels. In a
case where the overlapping parameter between the two bounding boxes is smaller than
the second threshold, it is unnecessary to additionally map the bounding boxes to the

pixel segmentation result. The above mapping is merely for verification.

[ 0087] In another embodiment, as shown in FIG. 3B, the bounding boxes C and D are
another vessel detection result. The bounding box C and the bounding box D are
overlapped, and the overlapping parameter between the bounding box C and the
bounding box D is calculated as 0.8, i.e., greater than the second threshold 0.3. Based on
the calculated overlapping parameter result, it may be determined that the bounding box
C and the bounding box D are bounding boxes of the same vessel. In such a case, by
mapping the bounding box C and the bounding box D to the pixel segmentation result,
the final target object is further determined by using the corresponding foreground image
region. The first overlapping parameter between the bounding box C and the foreground
image region as well as the second overlapping parameter between the bounding box D
and the foreground image region are calculated. For example, the first overlapping

parameter is 0.9 and the second overlapping parameter is 0.8. It is determined that the
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bounding box C corresponding to the first overlapping parameter having the larger value
includes the vessel. At the meantime, the bounding box D corresponding to the second
overlapping parameter is removed. Finally, the bounding box C is output to be taken as

the target bounding box of the vessel.

[ 0088] In some embodiments, the target object of the overlapped bounding boxes is
determined with the assistance of the foreground image region corresponding to the pixel
segmentation result. As the pixel segmentation result corresponds to the pixel-level
foreground image region and the spatial accuracy is high, the target bounding box
including the target object is further determined through the overlapping parameters
between the overlapped bounding boxes and the foreground image region, and the target

detection accuracy is improved.

[ 0089] In the related art, since the usually used anchor box is a rectangular box
without the angle parameter, for the target object having an excessive length-width ratio
such as the vessel, when the target object is in a tilted state, the target bounding box
determined by use of such an anchor box is a circumscribed rectangular box of the target
object, and the area of the circumscribed rectangular box is greatly different from the true
area of the target object. For two closely arranged target objects, as shown in FIG. 4, the
target bounding box 403 corresponding to the target object 401 is the circumscribed
rectangular box of the target object 401, and the target bounding box 404 corresponding
to the target object 402 is also the circumscribed rectangular box of the target object 402.
The overlapping parameter between the target bounding boxes of the two target objects is
the ToU between the two circumscribed rectangular boxes. Due to the difference between
the target bounding box and the target object in area, the calculated loU has a very large

error, and thus the recall of the target detection is reduced.

[ 0090] Hence, as mentioned above, in some embodiments, the angle parameter of the
anchor box may be provided with the anchor box in the disclosure, thereby increasing the
accuracy of calculation on the IoU. The angles of different target bounding boxes that are

calculated by the anchor box may also vary from each other.

[ 0091] In view of this, the disclosure provides the following method for calculating

the overlapping parameter: an angle factor is obtained based on the angle between the
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first bounding box and the second bounding box; and the overlapping parameter is
obtained according to an IoU between the first bounding box and the second bounding

box and the angle factor.

[ 0092] In an example, the overlapping parameter is a product of the IoU and the angle
factor; and the angle factor may be obtained according to the angle between the first
bounding box and the second bounding box. A value of the angle factor is smaller than 1,
and increases with the increase of an angle between the first bounding box and the

second bounding box.

[ 0093] For example, the angle factor may be represented by the formula (1):
-
7 = cos( )
O]

Where, the @ is the angle between the first bounding box and the second

bounding box.

[ 0094] In another example, in a case where the IoU keeps fixed, the overlapping
parameter increases with the increase of the angle between the first bounding box and the

second bounding box.

[ 0095] Hereinafter, FIG. 5A and FIG. 5B are used as an example to describe the
influence of the above method for calculating the overlapping parameter on the target

detection.

[ 0096] For the bounding box 501 and the bounding box 502 in FIG. 5A, the IoU of the

areas of the two bounding boxes is AloUl, and the angle between the two bounding

boxes is o, . For the bounding box 503 and the bounding box 504 in FIG. 5B, the IoU of

the areas of the two bounding boxes is AloU2, and the angle between the two bounding

boxes is 0, . AloU1<AloU2.

[ 0097] An angle factor 7 is added to calculate the overlapping parameter by using the

above method for calculating the overlapping parameter. For example, the overlapping
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parameter is obtained by multiplying the IoU of the areas of the two bounding boxes and

the angle factor.

[ 0098] For example, the overlapping parameter Pl between the bounding box 501

and the bounding box 502 may be calculated by using the formula (2):

£_|91|
Bl = AloU1*cos(2——)
2 ©)
[ 0099] For example, the overlapping parameter P2 petween the bounding box 503

and the bounding box 504 may be calculated by using the formula (3):

/8

-
B2 =AloU2* cos( )
2 3)
[ 00100] With calculation, B> p2 may be obtained.
[00101] After the angle factor is added, compared with the result calculated with the

IoU of the areas, the calculation results of the overlapping parameters in FIG. 5A and
FIG. 5B are the other way around. This is because the angle between the two bounding
boxes in FIG. 5A is large, the value of the angle factor is also large and thus the obtained
overlapping parameter becomes large. Correspondingly, the angle between the two
bounding boxes in FIG. 5B is small, the value of the angle factor is also small and thus

the obtained overlapping parameter becomes small.

[ 00102] For two closely arranged target objects, the angle therebetween may be very

small. However, due to the close arrangement, it may be detected that the overlapped
portion of the areas of the two bounding boxes may be large. If the IoU is only calculated
with the areas, the result of the loU may be large and thus it is prone to determine
mistakenly that the two bounding boxes include the same target object. According to the
method for calculating the overlapping parameter provided by the embodiments of the
disclosure, with the introduction of the angle factor, the calculated result of the

overlapping parameter between the closely arranged target objects becomes small, which
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is favorable to detect the target objects accurately and improve the recall of the closely

arranged targets.

[ 00103] It is to be understood by those skilled in the art that the above method for
calculating the overlapping parameter is not limited to the calculation of the overlapping
parameter between the target bounding boxes, and may also be used to calculate the
overlapping parameter between boxes having the angle parameter such as the candidate
bounding box, the foreground anchor box, the ground-truth bounding box and the anchor
box. Additionally, the overlapping parameter may also be calculated with other manners,

which is not limited thereto in the embodiment of the disclosure.

[ 00104] In some examples, the above method for target detection may be implemented
by a trained target detection network, and the target detection network may be a neutral
network. The target detection network is trained first before use so as to obtain an

optimized parameter value.

[ 00105] The vessel is still used as an example hereinafter to describe a training process
of the target detection network. The target detection network may include a feature
extraction network, a target prediction network and a foreground segmentation network.
Referring to the flowchart of the embodiments of the training method illustrated in FIG. 6,

the process may include the following operations.

[00106] In 601, feature extraction processing is performed on a sample image through

the feature extraction network to obtain feature data of the sample image.

[00107] In this operation, the sample image may be a remote sensing image. The
remote sensing image is an image obtained through a ground-object electromagnetic
radiation feature signal detected by a sensor carried on an artificial satellite and an aerial
plane. The sample image may also be other types of images and is not limited to the
remote sensing image. In addition, the sample image includes labeling information of the
preliminarily labeled target object. The labeling information may include a ground-truth
bounding box of the labeled target object. In an example, the labeling information may be
coordinates of four vertexes of the labeled ground-truth bounding box. The feature

extraction network may be a convolutional neural network. The specific structure of the
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feature extraction network is not limited in the embodiments of the disclosure.

[00108] In 602, multiple sample candidate bounding boxes are obtained through the

target prediction network according to the feature data.

[00109] In this operation, multiple candidate bounding boxes of the target object are
predicted and generated according to the feature data of the sample image. The
information included in the candidate bounding box may include at least one of the
followings: probabilities that the inside of the bounding box is the foreground and the
background, and a parameter of the bounding box such as a size, an angle, a position and

the like of the bounding box.

[00110] In 603, a foreground segmentation result of the sample image is obtained

according to the feature data.

[00111] In this operation, the sample foreground segmentation result of the sample
image is obtained through the foreground segmentation network according to the feature
data. The foreground segmentation result includes indication information for indicating
whether each of multiple pixels of the input image belongs to a foreground. That is, the
corresponding foreground image region may be obtained through the foreground
segmentation result. The foreground image region includes all pixels predicted as the

foreground.

[00112] In 604, a network loss value is determined according to the multiple sample
candidate bounding boxes, the sample foreground segmentation result and labeling

information of the sample image.

[00113] The network loss value may include a first network loss value corresponding to
the target prediction network, and a second network loss value corresponding to the

foreground segmentation network.

[00114] In some examples, the first network loss value is obtained according to the
labeling information of the sample image and the information of the sample candidate
bounding box. In an example, the labeling information of the target object may be

coordinates of four vortexes of the ground-truth bounding box of the target object. The
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prediction parameter of the sample candidate bounding box obtained by prediction may
be a length, a width, a rotation angle relative to a horizontal plane, and a coordinate of a
central point, of the sample candidate bounding box. Based on the coordinates of the four
vortexes of the ground-truth bounding box, the length, width, rotation angle relative to
the horizontal plane and coordinate of the central point of the ground-truth bounding box
may be calculated correspondingly. Therefore, based on the prediction parameter of the
sample candidate bounding box and the true parameter of the ground-truth bounding box,
the first network loss value that embodies a difference between the labeling information

and the prediction information may be obtained.

[00115] In some examples, the second network loss value is obtained according to the
sample foreground segmentation result and the true foreground image region. Based on
the preliminarily labeled ground-truth bounding box of the target object, the original
labeled region including the target object in the sample image may be obtained. The pixel
included in the region is the true foreground pixel, and thus the region is the true
foreground image region. Therefore, based on the sample foreground segmentation result
and the labeling information, i.e., the comparison between the predicted foreground
image region and the true foreground image region, the second network loss value may

be obtained.

[00116] In 605, a network parameter of the target detection network is adjusted based

on the network loss value.

[00117] In an example, the network parameter may be adjusted with a gradient back

propagation method.

[00118] As the prediction of the candidate bounding box and the prediction of the
foreground image region share the feature data extracted by the feature extraction
network, by adjusting the parameter of each network jointly through differences between
the prediction results of the two branches and the labeled true target object, the object-
level supervision information and the pixel-level supervision information can be
provided at the same time, and thus the quality of the feature extracted by the feature
extraction network is improved. Meanwhile, the network for predicting the candidate

bounding box and the foreground image in the embodiments of the disclosure is a one-
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stage detector, such that the relatively high detection efficiency can be implemented.

[ 00119] In an example, the first network loss value may be determined based on the
IoUs between the multiple sample candidate bounding boxes and at least one ground-

truth target bounding box labeled in the sample image.

[00120] In an example, a positive sample and/or a negative sample may be selected
from multiple anchor boxes by using the calculated result of the loUs. For example, the
anchor box of which the loU with the ground-truth bounding box is greater than a certain
value such as 0.5 may be considered as the candidate bounding box including the
foreground, and is used as the positive sample to train the target detection network. The
anchor box of which the IoU with the ground-truth bounding box is smaller than a certain
value such as 0.1 is used as the negative sample to train the network. The first network

loss value is determined based on the selected positive sample and/or negative sample.

[00121] During the calculation of the first network loss value, due to the excessive
length-width ratio of the target object, the IoU between the anchor box and the ground-
truth bounding box that is calculated in the relevant art may be small, such that the
number of selected positive samples for calculating the loss value becomes less, thereby
affecting the training accuracy. In addition, the anchor box having the direction parameter
is used in the embodiments of the disclosure. In order to adapt to the anchor box and
improve the calculation accuracy of the IoU, the disclosure provides a method for
calculating the ToU. The method may be used to calculate the loU between the anchor
box and the ground-truth, and may also be used to calculate the IoU between the

candidate bounding box and the ground-truth bounding box.

[ 00122] In the method, a ratio of an intersection to a union of the areas of the
circumcircles of the anchor box and the ground-truth bounding box may be used as the

IoU. Hereinafter, FIG. 7 is used as an example for description.

[ 00123] The bounding box 701 and the bounding box 702 are rectangular boxes having
excessive length-width ratios and angle parameters, and for example, both have the
length-width ratio of 5. The circumcircle of the bounding box 701 is the circumcircle 703

and the circumcircle of the bounding box 702 is the circumcircle 704. The ratio of the
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intersection (the shaded portion in the figure) to the union of the areas of the circumcircle

703 and the circumcircle 704 may be used as the [oU.

[ 00124] The IoU between the anchor box and the ground-truth bounding box may also
be calculated in other manners, which is not limited thereto in the embodiments of the

disclosure.

[ 00125] According to the method for calculating the IoU in the above embodiments,
with restrictions on direction information, more samples which are similar in shape but
different in direction are kept, such that the number and proportion of the selected
positive samples are increased, thereby enhancing the supervision and learning on the

direction information, and the prediction accuracy on direction is improved.

[00126] In the following description, the training method for target detection network
will be described in more detail. Hereinafter, the case where the detected target object is
the vessel is used as an example to describe the training method. It is to be understood
that the detected target object in the disclosure is not limited to the vessel, and may also

be other objects having the excessive length-width ratios.
[ 00127] A sample is prepared

[ 00128] Before the neutral network is trained, a sample set may be firstly prepared. The

sample set may include: multiple training samples for training the target detection

network.
[00129] For example, the training sample may be obtained as per the following manner.
[00130] On the remote sensing image, which is taken as the sample image, the ground-

truth bounding box of the vessel is labeled. The remote sensing image may include
multiple vessels, and it is necessary to label the ground-truth bounding box of each vessel.
At the meantime, parameter information of each ground-truth bounding box, such as

coordinates of four vortexes of the bounding box, needs to be labeled.

[00131] While the ground-truth bounding box of the vessel is labeled, the pixel in the

ground-truth bounding box may be determined as a true foreground pixel, i.e., while the

24



ground-truth bounding box of the vessel is labeled, a true foreground image of the vessel
is obtained. It is to be understood by those skilled in the art that the pixel in the ground-

truth bounding box also includes a pixel included by the ground-truth bounding box itself.
[ 00132] A structure of the target detection network is determined

[00133] In an embodiment of the disclosure, the target detection network may include a
feature extraction network, as well as a target prediction network and a foreground

segmentation network that are cascaded to the feature extraction network respectively.

[ 00134] The feature extraction network is configured to extract the feature of the
sample image, and may be the convolutional neural network. For example, existing
Visual Geometry Group (VGG) network, ResNet, DenseNet and the like may be used,
and structures of other convolutional neural networks may also be used. The specific
structure of the feature extraction network is not limited in the disclosure. In an optional
implementation mode, the feature extraction network may include a convolutional layer,
an excitation layer, a pooling layer and other network units, and is formed by staking the

above network units according to a certain manner.

[ 00135] The target prediction network is configured to predict the bounding box of the
target object, i.e., prediction information for the candidate bounding box is predicted and
generated. The specific structure of the target prediction network is not limited in the
disclosure. In an optional implementation mode, the target prediction network may
include a convolutional layer, a classification layer, a regression layer and other network

units, and is formed by staking the above network units according to a certain manner.

[ 00136] The foreground segmentation network is configured to predict the foreground
image in the sample image, i.e., predict the pixel region including the target object. The
specific structure of the foreground segmentation network is not limited in the disclosure.
In an optional implementation mode, the foreground segmentation network may include
an upsampling layer and a mask layer, and is formed by staking the above network units

according to a certain manner.

[ 00137] FIG. 8 illustrates a network structure of a target detection network to which the

embodiments of the disclosure may be applied. It is to be noted that FIG. 8 only

25



exemplarily illustrates the target detection network, and is not limited thereto in actual

implementation.

[ 00138] As shown in FIG. 8, the target detection network includes a feature extraction
network 810, as well as a target prediction network 820 and a foreground segmentation

network 830 that are cascaded to the feature extraction network 810 respectively.

[ 00139] The feature extraction network 810 includes a first convolutional layer (C1)
811, a first pooling layer (P1) 812, a second convolutional layer (C2) 813, a second
pooling layer (P2) 814 and a third convolutional layer (C3) 815 that are connected in
sequence, i.e., in the feature extraction network 810, the convolutional layers and the
pooling layers are connected together alternately. The convolutional layer may
respectively extract different features in the image through multiple convolution kernels
to obtain multiple feature maps. The pooling layer is located behind the convolutional
layer, and may perform local averaging and downsampling operations on data of the
feature map to reduce the resolution ratio of the feature data. With the increase of the
number of convolutional layers and the pooling layers, the number of feature maps

increases gradually, and the resolution ratio of the feature map decreases gradually.

[ 00140] Multi-channel feature data output by the feature extraction network 810 is
respectively input to the target prediction network 820 and the foreground segmentation

network 830.

[ 00141] The target prediction network 820 includes a fourth convolutional layer (C4)
821, a classification layer 822 and a regression layer 823. The classification layer 822
and the regression layer 823 are respectively cascaded to the fourth convolutional layer
821.

[00142] The fourth convolutional layer 821 performs convolution on the input feature
data by use of a slide window (such as, 3*3), each window corresponds to multiple
anchor boxes, and each window generates a vector for fully connecting to the regression
layer 823 and the regression layer 824. Herein, two or more convolutional layers may

further be used to perform the convolution on the input feature data.

[ 00143] The classification layer 822 is configured to determine whether the inside of a
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bounding box generated by the anchor box is a foreground or a background. The
regression layer 823 is configured to obtain an approximate position of a candidate
bounding box. Based on output results of the classification layer 822 and the regression
layer 823, a candidate bounding box including a target object may be predicted, and a
probabilities that the inside of the candidate bounding box is the foreground and the

background, and a parameter of the candidate bounding box are output.

[00144] The foreground segmentation network 830 includes an upsampling layer 831
and a mask layer 832. The upsampling layer 831 is configured to convert the input
feature data into an original size of the sample image; and the mask layer 832 is
configured to generate a binary mask of the foreground, i.e., 1 is output for a foreground

pixel, and 0 is output for a background pixel.

[ 00145] In addition, when the overlapping area between the candidate bounding box
and the foreground image region is calculated, the size of the image may be converted by
the fourth convolutional layer 821 and the mask layer 832, so that the feature positions
are corresponding. That is, the outputs of the target prediction network 820 and the
foreground segmentation network 830 may be used to predict the information at the same

position on the image, thus calculating the overlapping area.

[ 00146] Before the target detection network is trained, some network parameters may
be set, for example, the numbers of convolution kernels used in each convolutional layer
of the feature extraction network 810 and in the convolutional layer of the target
prediction network may be set, the sizes of the convolution kernels may further be set, etc.
Parameter values such as a value of the convolution kernel and a weight of other layers

may be self-learned through iterative training.

[ 00147] Upon that the training sample is prepared and the structure of the target
detection network is initialized, the training for the target detection network may be

started. The specific training method for the target detection network will be listed below.

[00148] First training method for the target detection network
[00149] In some embodiments, the structure of the target detection network may refer
to FIG. 8.
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[ 00150] Referring to the example in FIG. 9, the sample image input to the target
detection network may be a remote sensing image including a vessel image. On the
sample image, the ground-truth bounding box of the included vessel is labeled, and the
labeling information may be parameter information of the ground-truth bounding box,

such as coordinates of four vortexes of the bounding box.

[00151] The input sample image is firstly subjected to the feature extraction network to
extract the feature of the sample image, and the multi-channel feature data of the sample
image is output. The size and the number of channels of the output feature data are
determined by the convolutional layer structure and the pooling layer structure of the

feature extraction network.

[00152] The multi-channel feature data enters the target prediction network on one
hand. The target prediction network predicts a candidate bounding box including the
vessel based on the current network parameter setting and the input feature data, and
generates prediction information of the candidate bounding box. The prediction
information may include probabilities that the bounding box is the foreground and the
background, and parameter information of the bounding box such as a size, a position, an
angle and the like of the bounding box. Based on the labeling information of the
preliminarily labeled target object and the prediction information of the predicted
candidate bounding box, a value LOSS1 of a first network loss function, i.e., the first
network loss value, may be obtained. The value of the first network loss function

embodies a difference between the labeling information and the prediction information.

[ 00153] On the other hand, the multi-channel feature data enters the foreground
segmentation network. The foreground segmentation network predicts, based on the
current network parameter setting, the foreground image region, including the vessel, in
the sample image. For example, through the probabilities that each pixel in the feature
data is the foreground and the background, by using the pixels, each of which the
probability of the pixel being the foreground is greater than the set value, as the
foreground pixels, the pixel segmentation are performed, thereby obtaining the predicted

foreground image region.

[ 00154] As the ground-truth bounding box of the vessel is preliminarily labeled in the
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sample image, with the parameters of the ground-truth bounding box such as the
coordinates of the four vortexes, the foreground pixel in the sample image may be
obtained, i.e., the true foreground image in the sample image is obtained. Based on the
predicted foreground image, and the true foreground image obtained by the labeling
information, a value LOSS2 of a second network loss function, i.e., the second network
loss value, may be obtained. The value of the second network loss function embodies a

difference between the predicted foreground image and the labeling information.

[ 00155] A total loss value jointly determined based on the value of the first network
loss function and the value of the second network loss function may be reversely
transmitted back to the target detection network, to adjust the value of the network
parameter. For example, the value of the convolution kernel and the weight of other
layers are adjusted. In an example, the sum of the first network loss function and the
second network loss function may be determined as a total loss function, and the

parameter is adjusted by using the total loss function.

[ 00156] When the target detection network is trained, the training sample set may be
divided into multiple image batches, and each image batch includes one or more training
samples. During iterative training each time, one image batch is sequentially input to the
network; and the network parameter is adjusted in combination with a loss value of each
sample prediction result in the training sample included in the image batch. Upon the
completion of the current iterative training, a next image batch is input to the network for
next iterative training. Training samples included in different image batches are at least
partially different. When a predetermined end condition is reached, the training of the
target detection network may be completed. The predetermined end condition may, for
example, be that the total loss value is reduced to a certain threshold, or the

predetermined number of iterative times of the target detection network is reached.

[00157] According to the training method for target detection network in the
embodiment, the target prediction network provides the object-level supervision
information, and the pixel segmentation network provides the pixel-level supervision
information. By means of the two different levels of supervision information, the quality

of the feature extracted by the feature extraction network is improved; and with the one-
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stage target prediction network and the pixel segmentation network for detection, the

detection efficiency is improved.
[ 00158] Second training method for the target detection network

[00159] In some embodiments, the target prediction network may predict the candidate
bounding box of the target object in the following manner. The structure of the target

prediction network may refer to FIG. 8.

[ 00160] FIG. 10 is a flowchart of a method for predicting a candidate bounding box. As

shown in FIG. 10, the flow may include the following operations.

[00161] In 1001, each point of the feature data is taken as an anchor, and multiple

anchor boxes are constructed with each anchor as a center.

[ 00162] For example, for a feature layer having the size of [H*W], H*W*k anchor
boxes are constructed in total, where, the k is the number of anchor boxes generated by
each anchor. Different length-width ratios are provided for the multiple anchor boxes
constructed at one anchor, so as to cover a to-be-detected target object. Firstly, a priori
anchor box may be directly generated through hyper-parameter setting based on priori
knowledge, such as a statistic on a size distribution of most targets, and then the anchor

boxes are predicted through a feature.

[00163] In 1002, the anchor is mapped back to the sample image to obtain a region

included by each anchor box on the sample image.

[ 00164] In this operation, all anchors are mapped back to the sample image, i.e., the
feature data is mapped to the sample image, such that regions included by the anchor
boxes, generated with the anchors as the centers, in the sample image are obtained. The
positions and the sizes that the anchor boxes mapped to the sample image may be
calculated jointly through the priori anchor box and the prediction value and in
combination with the current feature resolution ratio, to obtain the region included by

each anchor box on the sample image.

[ 00165] The above process is equivalent to use a convolution kernel (slide window) to
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perform a slide operation on the input feature data. When the convolution kernel slides to
a certain position of the feature data, the center of the current slide window is used as a
center to map back to a region of the sample image; and the center of the region on the
sample image is the corresponding anchor; and then, the anchor box is framed with the
anchor as the center. That is, although the anchor is defined based on the feature data, it is

relative to the original sample image finally.

[ 00166] For the structure of the target prediction network shown in FIG. 8, the feature
extraction process may be implemented through the fourth convolutional layer 821, and
the convolution kernel of the fourth convolutional layer 821 may, for example, have a

size of 3*3.

[ 00167] In 1003, a foreground anchor box is determined based on an IoU between the
anchor box mapped to the sample image and a ground-truth bounding box, and
probabilities that the inside of the foreground anchor box is a foreground and a

background are obtained.

[ 00168] In this operation, which anchor box that the inside is the foreground, and
which anchor that the inside is the background are determined by comparing the
overlapping condition between the region included by the anchor box on the sample
image and the ground-truth bounding box. That is, the label indicating the foreground or
the background is provided for each anchor box. The anchor box having the foreground
label is the foreground anchor box, and the anchor box having the background label is the

background anchor box.

[ 00169] In an example, the anchor box of which the IoU with the ground-truth
bounding box is greater than a first set value such as 0.5 may be viewed as the candidate
bounding box containing the foreground. Moreover, binary classification may further be
performed on the anchor box to determine the probabilities that the inside of the anchor

box is the foreground and the background.

[ 00170] The foreground anchor box may be used to train the target detection network.
For example, the foreground anchor box is used as the positive sample to train the

network, such that the foreground anchor box is participated in the calculation of the loss
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function. Meanwhile, such a part of loss is often referred as the classification loss, and is
obtained by comparing with the label of the foreground anchor box based on the binary

classification probability of the foreground anchor box.

[00171] One image batch may include multiple anchor boxes, having foreground labels,
randomly extracted from one sample image. The multiple (such as 256) anchor boxes

may be taken as the positive samples for training.

[ 00172] In an example, in a case where the number of positive samples is insufficient,
the negative sample may further be used to train the target detection network. The
negative sample may, for example, be the anchor box of which the IoU with the ground-

truth bounding box is smaller than a second set value such as 0.1.

[00173] In the example, one image batch may include 256 anchor boxes randomly
extracted from the sample image, in which 128 anchor boxes having the foreground
labels and are served as the positive samples, and another 128 labels are the anchor boxes
of which the IoU with the ground-truth bounding box is smaller than the second set value
such as 0.1, and are served as the negative samples. Therefore, the proportion of the
positive samples to the negative samples reaches 1:1. If the number of positive samples
in one image is smaller than 128, more negative samples may be used to meet the 256

anchor boxes for training.

[00174] In 1004, bounding box regression is performed on the foreground anchor box

to obtain a candidate bounding box and obtain a parameter of the candidate bounding box.

[ 00175] In this operation, the parameter type of each of the foreground anchor box and
the candidate bounding box is consistent with that of the anchor box, i.e., the parameter(s)
included in the constructed anchor box is/are also included in the generated candidate

bounding box.

[ 00176] The foreground anchor box obtained in operation 1003 may be different from
the vessel in the sample image in length-width ratio, and the position and angle of the
foreground anchor box may also be different from those of the sample vessel, so it is
necessary to use the offsets between the foreground anchor box and the corresponding

ground-truth bounding box for regressive training. Thus, the target prediction network
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has the capability of predicting the offsets from it to the candidate bounding box through
the foreground bounding box, thereby obtaining the parameter of the candidate bounding

box.

[00177] Through operation 1003 and operation 1004, the information of the candidate
bounding box: the probabilities that the inside of the candidate bounding box is the
foreground and the background, and the parameter of the candidate bounding box, may
be obtained. Based on the above information of the candidate bounding box and the
labeling information in the sample image (the ground-truth bounding box corresponding

to the target object), the first network loss may be obtained.

[00178] In the embodiments of the disclosure, the target prediction network is the one-
stage network; and after the candidate bounding box is predicted for a first time, a
prediction result of the candidate bounding box is output. Therefore, the detection

efficiency of the network is improved.
[00179] Third training method for the target detection network

[ 00180] In the relevant art, the parameter of the anchor box corresponding to each
anchor generally includes a length, a width and a coordinate of a central point. In the

example, a method for setting a rotary anchor box is provided.

[00181] In an example, anchor boxes in multiple directions may be constructed with
each anchor as a center, and multiple length-width ratios may be set to cover the to-be-
detected target object. The specific number of directions and the specific values of the
length-width ratios may be set according to an actual demand. As shown in FIG. 11, the
constructed anchor box corresponds to six directions, where, the w denotes a width of the
anchor box, the | denotes a length of the anchor box, the 6 denotes an angle of the anchor
box (a rotation angle of the anchor box relative to a horizontal direction), and the (x,y)
denotes a coordinate of a central point of the anchor box. For the six anchor boxes
uniformly distributed corresponding to the direction, the 6 is 0°, 30°, 60°, 90°, -30° and -
60°respectively. Correspondingly, in the example, the parameter of the anchor box may
be represented as (x,y,w,l,0). The length-width ratio may be set as 1, 3, 5, and may also

be set as other values for the detected target object.
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[ 00182] In some embodiments, the parameter of the candidate bounding box may also
be represented as (x,y,w,1,0). The parameter may be subjected to regressive calculation by

using the regression layer 823 in FIG. 8. The regressive calculation method is as follows.

[ 00183] Firstly, offsets from a foreground anchor box to a ground-truth bounding box

are calculated.

[ 00184] For example, the parameter values of the foreground anchor box are
[AxAy, Ay, AL Ag], where, the Ay, the Ay, the A, the A; and the Agrespectively denote a
coordinate of a central point X, a coordinate of a central point y, a width, a length and an
angle of the foreground anchor box; and the corresponding five values of the ground-
truth bounding box are [Gy,Gy,Gw,G1,Gp], where, the Gy, the Gy, the Gy, the G and the Gy
respectively denote a coordinate of a central point x, a coordinate of a central point y, a

width, a length and an angle, of the ground-truth bounding box.

[ 00185] The offsets [dy(A), dy(A), dw(A), di(A), do(A)] between the foreground anchor
box and the ground-truth bounding box may be determined based on the parameter
values of the foreground anchor box and the values of the ground-truth bounding box,
where, the dx(A), the dy(A), the dw(A), the dI(A) and the dB(A) respectively denote
offsets for the coordinate of the central point x, coordinate of the central point y, width,

length and angle. Each offset may be calculated through formulas (4)-(8):

d(D)=(G,~4)/4,

“4)

d,(A)=(G,-4,)/ 4, (5)
d,(A)=1log(G,/ 4,) (6)
d,(4)=1og(G,/ 4) (7)
d,(A)=G,- 4, (8)

The formula (6) and the formula (7) use a logarithm to denote the offsets of the

length and width, so as to obtain rapid convergence in case of a large difference.

[ 00186] In an example, in a case where the input multi-channel feature data has
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multiple ground-truth bounding boxes, each foreground anchor box selects a ground-truth

bounding box having the highest degree of overlapping to calculate the offsets.

[00187] Then, offsets from the foreground anchor box to a candidate bounding box are
obtained.
[00188] Herein, in order to search an expression to establish the relationship between

the anchor box and the ground-truth bounding box, the regression may be used. With the
network structure in FIG. 8 as an example, the regression layer 823 may be trained with
the above offsets. Upon the completion of the training, the target prediction network has
the ability of identifying the offsets [dy’(A), dy’(A), dw’(A), di’(A),de’(A)] from each
anchor box to the corresponding optical candidate bounding box, i.e., the parameter
values of the candidate bounding box, including the coordinate of the central x,
coordinate of the central point y, width, length and angle, may be determined according
to the parameter value of the anchor box. During training, the offsets from the foreground
anchor box to the candidate bounding box may be calculated firstly by using the
regression layer. Since the network parameter is not optimized completely in training, the

offsets may be greatly different from the actual offsets [dy(A), dy(A), dw(A), di(A), de(A)].

[00189] At last, the foreground anchor box is shifted based on the offsets to obtain the

candidate bounding box and obtain the parameter of the candidate bounding box.

[ 00190] When the value of the first network loss function is calculated, the offsets
[dy’(A), dy’(A), dw’(A), di’(A), do’(A)] from the foreground anchor box to the candidate
bounding box and the offsets [dx(A), dy(A), dw(A), di(A), de(A)] from the foreground
anchor box to the ground-truth bounding box during training may be used to calculate a

regression loss.

[00191] The above predicted probabilities that the inside of the foreground anchor box
is the foreground and the background are the probabilities that the inside of the candidate
bounding box is the foreground and the background, after the foreground anchor box is
subjected to the regression to obtain the candidate bounding box. Based on the
probabilities, the classification losses that the inside of the predicted candidate bounding

box is the foreground and the background may be determined. The sum of the
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classification loss and the regression loss of the parameter of the predicted candidate
bounding box forms the value of the first network loss function. For one image batch, the
network parameter may be adjusted based on the values of the first network loss

functions of all candidate bounding boxes.

[00192] By providing the anchor boxes with the directions, the circumscribed
rectangular bounding boxes more suitable for the posture of the target object may be
generated, such that the overlapping portion between the bounding boxes is calculated

more strictly and accurately.
[ 00193] Fourth training method for the target detection network

[ 00194] When the value of the first network loss function is obtained based on the
standard information and the information of the candidate bounding box, a weight
proportion of each parameter of the anchor box may be set, such that the weight
proportion of the width is higher than that of each of other parameters; and according to

the set weight proportions, the value of the first network loss function is calculated.

[ 00195] The higher the weight proportion of the parameter, the larger the contribution
to the finally calculated loss function value. When the network parameter is adjusted,
more importance is attached to the influence of the adjustment effect on the parameter
value, such that the calculation accuracy of the parameter is higher than other parameters.
For the target object having the excessive length-width ratio, such as the vessel, the width
is much smaller relative to the length. Hence, by setting the weight of the width to be

higher than that of each of other parameters, the prediction accuracy on the width may be

improved.
[ 00196] Fifth training method for the target detection network
[ 00197] In some embodiments, the foreground image region in the sample image may

be predicted in the following manner. The structure of the foreground segmentation

network may refer to FIG. 8.

[ 00198] FIG. 12 is a flowchart of an embodiment of a method for predicting a

foreground image region. As shown in FIG. 12, the flow may include the following
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operations.

[ 00199] In 1201, upsampling processing is performed on the feature data, so as to make

a size of the processed feature data to be same as that of the sample image.

[ 00200] For example, the upsampling processing may be performed on the feature data
through a deconvolutional layer or a bilinear difference, and the feature data is amplified
to the size of the sample image. Since the multi-channel feature data is input to the pixel
segmentation network, the feature data having the corresponding number of channels and
consistent size with the sample image is obtained after the upsampling processing. Each
position of the feature data is in one-to-one correspondence with the position on the

original image.

[ 00201] In 1202, pixel segmentation is performed based on the processed feature data

to obtain a sample foreground segmentation result of the sample image.

[ 00202] For each pixel of the feature data, the probabilities that the pixel belongs to the
foreground and the background may be determined. A threshold may be set. The pixel, of
which the probability of the pixel being the foreground is greater than the set threshold, is
determined as the foreground pixel. Mask information can be generated for each pixel,
and may be expressed as 0, 1 generally, where 0 denotes the background, and 1 denotes
the foreground. Based on the mask information, the pixel that is the foreground may be
determined, and thus a pixel-level foreground segmentation result is obtained. As each
pixel of the feature data corresponds to the region on the sample image, and the ground-
truth bounding box of the target object is labeled in the sample image, a difference
between the classification result of each pixel and the ground-truth bounding box is

determined according to the labeling information to obtain the classification loss.

[ 00203] The pixel segmentation network does not involve in the position determination
of the bounding box, the corresponding value of the second network loss function may be
determined through a sum of the classification loss of each pixel. By continuously
adjusting the network parameter, the second network loss value is minimized, such that
the classification of each pixel is more accurate, and the foreground image of the target

object is determined more accurately.
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[ 00204] In some embodiments, by performing the upsampling processing on the feature
data, and generating the mask information for each pixel, the pixel-level foreground

image region may be obtained, and the accuracy of the target detection is improved.

[ 00205] FIG. 13 provides an apparatus for target detection. As shown in FIG. 13, the
apparatus may include: a feature extraction unit 1301, a target prediction unit 1302, a

foreground segmentation unit 1303 and a target determination unit 1304.

[ 00206] The feature extraction unit 1301 is configured to obtain feature data of an input
image.
[ 00207] The target prediction unit 1302 is configured to determine multiple candidate

bounding boxes of the input image according to the feature data.

[ 00208] The foreground segmentation unit 1303 is configured to obtain a foreground
segmentation result of the input image according to the feature data, the foreground
segmentation result including indication information for indicating whether each of

multiple pixels of the input image belongs to a foreground.

[ 00209] The target determination unit 1304 is configured to obtain a target detection
result of the input image according to the multiple candidate bounding boxes and the

foreground segmentation result.

[ 00210] In another embodiment, the target determination unit 1304 is specifically
configured to: select at least one target bounding box from the multiple candidate
bounding boxes according to an overlapping area between each candidate bounding box
in the multiple candidate bounding boxes and a foreground image region corresponding
to the foreground segmentation result; and obtain the target detection result of the input

image based on the at least one target bounding box.

[ 00211] In another embodiment, when selecting the at least one target bounding box
from the multiple candidate bounding boxes according to the overlapping area between
each candidate bounding box in the multiple candidate bounding boxes and the
foreground image region corresponding to the foreground segmentation result, the target

determination unit 1304 is specifically configured to: take, for each candidate bounding
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box in the multiple candidate bounding boxes, if a ratio of an overlapping area between
the candidate bounding box and the corresponding region to an area of the candidate
boun is greater than a first threshold, the candidate bounding box as the target bounding

box.

[00212] In another embodiment, the at least one target bounding box includes a first
bounding box and a second bounding box, and when obtaining the target detection result
of the input image based on the at least one target bounding box, the target determination
unit 1304 is specifically configured to: determine an overlapping parameter between the
first bounding box and the second bounding box based on an angle between the first
bounding box and the second bounding box; and determine a target object position
corresponding to the first bounding box and the second bounding box based on the

overlapping parameter between the first bounding box and the second bounding box.

[ 00213] In another embodiment, when determining the overlapping parameter between
the first bounding box and the second bounding box based on the angle between the first
bounding box and the second bounding box, the target determination unit 1304 is
specifically configured to: obtain an angle factor according to the angle between the first
bounding box and the second bounding box; and obtain the overlapping parameter
according to an IoU between the first bounding box and the second bounding box and the

angle factor.

[ 00214] In another embodiment, the overlapping parameter between the first bounding
box and the second bounding box is a product of the IoU and the angle factor; and the
angle factor increases with an increase of the angle between the first bounding box and

the second bounding box.

[ 00215] In another embodiment, in a case where the [oU keeps fixed, the overlapping
parameter between the first bounding box and the second bounding box increases with

the increase of the angle between the first bounding box and the second bounding box.

[ 00216] In another embodiment, the operation that the target object position
corresponding to the first bounding box and the second bounding box is determined

based on the overlapping parameter between the first bounding box and the second
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bounding box includes that: in a case where the overlapping parameter between the first
bounding box and the second bounding box is greater than a second threshold, one of the

first bounding box and the second bounding box is taken as the target object position.

[ 00217] In another embodiment, the operation that the one of the first bounding box
and the second bounding box is taken as the target object position includes that: an
overlapping parameter between the first bounding box and the foreground image region
corresponding to the foreground segmentation result is determined, and an overlapping
parameter between the second bounding box and the foreground image region is
determined; and one of the first bounding box and the second bounding box, of which the
overlapping parameter with the foreground image region is larger than that of another, is

taken as the target object position.

[ 00218] In another embodiment, the operation that the target object position
corresponding to the first bounding box and the second bounding box is determined
based on the overlapping parameter between the first bounding box and the second
bounding box includes that: in a case where the overlapping parameter between the first
bounding box and the second bounding box is smaller than or equal to the second
threshold, each of the first bounding box and the second bounding box is taken as a target

object position.

[ 00219] In another embodiment, a length-width ratio of a to-be-detected target object in

the input image is greater than a specific value.

[ 00220] FIG. 14 provides a training apparatus for a target detection network. The target
detection network includes a feature extraction network, a target prediction network and
a foreground segmentation network. As shown in FIG. 14, the apparatus may include: a
feature extraction unit 1401, a target prediction unit 1402, a foreground segmentation unit

1403, a loss value determination unit 1404 and a parameter adjustment unit 1405.

[ 00221] The feature extraction unit 1401 is configured to perform feature extraction
processing on a sample image through the feature extraction network to obtain feature

data of the sample image.

[ 00222] The target prediction unit 1402 is configured to obtain, according to the feature
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data, multiple sample candidate bounding boxes through the target prediction network.

[ 00223] The foreground segmentation unit 1403 is configured to obtain, according to
the feature data, a sample foreground segmentation result of the sample image through
the foreground segmentation network, the sample foreground segmentation result
including indication information for indicating whether each of multiple pixels of the

sample image belongs to a foreground.

[ 00224] The loss value determination unit 1404 is configured to determine a network
loss value according to the multiple sample candidate bounding boxes, the sample

foreground segmentation result and labeling information of the sample image.

[ 00225] The parameter adjustment unit 1405 is configured to adjust a network

parameter of the target detection network based on the network loss value.

[ 00226] In another embodiment, the labeling information includes at least one ground-
truth bounding box of at least one target object included in the sample image, and the loss
value determination unit 1404 is specifically configured to: determine, for each candidate
bounding box in the multiple candidate bounding boxes, an loU between the candidate
bounding box and each of at least one ground-truth target bounding box labeled in the
sample image; and determine a first network loss value according to the determined IoU

for each candidate bounding box in the multiple candidate bounding boxes.

[ 00227] In another embodiment, the IoU between the candidate bounding box and the
ground-truth target bounding box is obtained based on a circumcircle including the

candidate bounding box and the ground-truth target bounding box.

[ 00228] In another embodiment, in a process of determining the network loss value, a
weight corresponding to a width of the candidate bounding box is higher than a weight

corresponding to a length of the candidate bounding box.

[ 00229] In another embodiment, the foreground segmentation unit 1403 is specifically
configured to: perform upsampling processing on the feature data, so as to make a size of
the processed feature data to be same as that of the sample image; and perform pixel

segmentation based on the processed feature data to obtain the sample foreground
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segmentation result of the sample image.

[ 00230] In another embodiment, a length-width ratio of a target object included in the

sample image is greater than a set value.

[ 00231] FIG. 15 is a device for target detection provided by at least one embodiment of
the disclosure. The device includes a memory 1501 and a processor 1502; the memory is
configured to store computer instructions capable of running on the processor; and the
processor is configured to execute the computer instructions to implement the method for
target detection in any embodiment of the description. The device may further include a
network interface 1503 and an internal bus 1504. The memory 1501, the processor 1502
and the network interface 1503 communicate with each other through the internal bus

1504.

[ 00232] FIG. 16 is a training device for target detection network provided by at least
one embodiment of the disclosure. The device includes a memory 1601 and a processor
1602; the memory is configured to store computer instructions capable of running on the
processor; and the processor is configured to execute the computer instructions to
implement the target detection network training method in any embodiment of the
description. The device may further include a network interface 1603 and an internal bus
1604. The memory 1601, the processor 1602 and the network interface 1603

communicate with each other through the internal bus 1604.

[ 00233] At least one embodiment of the disclosure further provides a non-volatile
computer-readable storage medium, which stores computer programs thereon; and the
programs are executed by a processor to implement the method for target detection in any
embodiment of the description, and/or, to implement raining method for the target

detection network in any embodiment of the description.

[ 00234] In the embodiment of the disclosure, the computer-readable storage medium
may be in various forms, for example, in different examples, the computer-readable
storage medium may be: a non-volatile memory, a flash memory, a storage driver (such
as a hard disk drive), a solid state disk, any type of memory disk (such as an optical disc

and a Digital Video Disk (DVD)), or a similar storage medium, or a combination thereof.

42



Particularly, the computer-readable medium may even be paper or another suitable
medium upon which the program is printed. By use of the medium, the program can be
electronically captured (such as optical scanning), and then compiled, interpreted and

processed in a suitable manner, and then stored in a computer medium.

[ 00235] The above are merely preferred embodiments of the disclosure and are not
intended to limit the disclosure. Any modification, equivalent replacement, improvement
and the like made within the spirit and principle of the disclosure should be included in

the scope of protection of the disclosure.
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CLAIMS

1. A method for target detection, comprising:
obtaining feature data of an input image;

determining multiple candidate bounding boxes of the input image according to the

feature data;

obtaining a foreground segmentation result of the input image according to the feature
data, the foreground segmentation result comprising indication information for indicating

whether each of multiple pixels of the input image belongs to a foreground; and

obtaining a target detection result of the input image according to the multiple

candidate bounding boxes and the foreground segmentation result.

2. The method of claim 1, wherein obtaining the target detection result of the input image
according to the multiple candidate bounding boxes and the foreground segmentation result

comprises:

selecting at least one target bounding box from the multiple candidate bounding boxes
according to an overlapping area between each candidate bounding box in the multiple
candidate bounding boxes and a foreground image region corresponding to the foreground

segmentation result; and

obtaining the target detection result of the input image based on the at least one target

bounding box.

3. The method of claim 2, wherein selecting the at least one target bounding box from the
multiple candidate bounding boxes according to the overlapping area between each candidate

bounding box in the multiple candidate bounding boxes and the foreground image region
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corresponding to the foreground segmentation result comprises:

for each candidate bounding box in the multiple candidate bounding boxes, if a ratio
of an overlapping area between the candidate bounding box and the foreground image region
to an area of the candidate bounding box is greater than a first threshold, taking the candidate

bounding box as the target bounding box.

4. The method of claim 2 or 3, wherein the at least one target bounding box comprises a first
bounding box and a second bounding box, and obtaining the target detection result of the

input image based on the at least one target bounding box comprises:

determining an overlapping parameter between the first bounding box and the second
bounding box based on an angle between the first bounding box and the second bounding box;

and

determining a target object position corresponding to the first bounding box and the
second bounding box based on the overlapping parameter between the first bounding box and

the second bounding box.

5. The method of claim 4, wherein determining the overlapping parameter between the first
bounding box and the second bounding box based on the angle between the first bounding

box and the second bounding box comprises:

obtaining an angle factor according to the angle between the first bounding box and

the second bounding box; and

obtaining the overlapping parameter according to an Intersection over Union (IoU)

between the first bounding box and the second bounding box and to the angle factor.

6. The method of claim 5, wherein the overlapping parameter between the first bounding box

and the second bounding box is a product of the loU and the angle factor; and the angle factor
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increases with an increase of the angle between the first bounding box and the second

bounding box.

7. The method of claim 5 or 6, wherein in a case where the loU keeps fixed, the overlapping
parameter between the first bounding box and the second bounding box increases with the

increase of the angle between the first bounding box and the second bounding box.

8. The method of any one of claims 4 to 7, wherein determining the target object position
corresponding to the first bounding box and the second bounding box based on the
overlapping parameter between the first bounding box and the second bounding box

comprises:

in a case where the overlapping parameter between the first bounding box and the
second bounding box is greater than a second threshold, taking one of the first bounding box

and the second bounding box as the target object position.

9. The method of claim 8, wherein taking the one of the first bounding box and the second

bounding box as the target object position comprises:

determining an overlapping parameter between the first bounding box and the
foreground image region corresponding to the foreground segmentation result, and
determining an overlapping parameter between the second bounding box and the foreground

image region; and
taking one of the first bounding box and the second bounding box, of which the

overlapping parameter with the foreground image region is larger than that of another, as the

target object position.

10. The method of any one of claims 4 to 9, wherein determining the target object position
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corresponding to the first bounding box and the second bounding box based on the
overlapping parameter between the first bounding box and the second bounding box

comprises:

in a case where the overlapping parameter between the first bounding box and the
second bounding box is smaller than or equal to the second threshold, taking each of the first

bounding box and the second bounding box as a target object position.

11. The method of any one of claims 1 to 10, wherein a length-width ratio of a to-be-detected

target object in the input image is greater than a specific value.

12. A training method for a target detection network, wherein the target detection network
comprises a feature extraction network, a target prediction network and a foreground

segmentation network, and the method comprises:

performing feature extraction processing on a sample image through the feature

extraction network to obtain feature data of the sample image;

obtaining, according to the feature data, multiple sample candidate bounding boxes

through the target prediction network;

obtaining, according to the feature data, a sample foreground segmentation result of
the sample image through the foreground segmentation network, the sample foreground
segmentation result comprising indication information for indicating whether each of multiple

pixels of the sample image belongs to a foreground;

determining a network loss value according to the multiple sample candidate bounding
boxes, the sample foreground segmentation result and labeling information of the sample

image; and

adjusting a network parameter of the target detection network based on the network

loss value.
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13. The method of claim 12, wherein the labeling information comprises at least one ground-
truth bounding box of at least one target object comprised in the sample image, and
determining the network loss value according to the multiple sample candidate bounding
boxes, the sample foreground segmentation result and the labeling information of the sample

image comprises:

for each candidate bounding box in the multiple candidate bounding boxes,
determining an Intersection over Union (IoU) between the candidate bounding box and each

of at least one ground-truth target bounding box labeled in the sample image; and

determining a first network loss value according to the determined IoU for each of the

multiple candidate bounding boxes.

14. The method of claim 13, wherein the ToU between the candidate bounding box and the
ground-truth target bounding box is obtained based on a circumcircle comprising the

candidate bounding box and the ground-truth target bounding box.

15. The method of any one of claims 12 to 14, wherein in a process of determining the
network loss value, a weight corresponding to a width of the candidate bounding box is higher

than a weight corresponding to a length of the candidate bounding box.

16. The method of any one of claims 12 to 15, wherein obtaining, according to the feature
data, the sample foreground segmentation result of the sample image through the foreground

segmentation network comprises:

performing upsampling processing on the feature data, so as to make a size of the

processed feature data to be same as that of the sample image; and

performing pixel segmentation based on the processed feature data to obtain the

48



sample foreground segmentation result of the sample image.

17. The method of any one of claims 12 to 16, wherein a length-width ratio of a target object

comprised in the sample image is higher than a set value.

18. An apparatus for target detection, comprising:
a feature extraction unit, configured to obtain feature data of an input image;

a target prediction unit, configured to determine multiple candidate bounding boxes of

the input image according to the feature data;

a foreground segmentation unit, configured to obtain a foreground segmentation result
of the input image according to the feature data, the foreground segmentation result
comprising indication information for indicating whether each of multiple pixels of the input

image belongs to a foreground; and

a target determination unit, configured to obtain a target detection result of the input
image according to the multiple candidate bounding boxes and the foreground segmentation

result.

19. The apparatus of claim 18, wherein the target determination unit is specifically configured

to:

select at least one target bounding box from the multiple candidate bounding boxes
according to an overlapping area between each candidate bounding box in the multiple
candidate bounding boxes and a foreground image region corresponding to the foreground

segmentation result; and

obtain the target detection result of the input image based on the at least one target

bounding box.
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20. The apparatus of claim 19, wherein when selecting the at least one target bounding box
from the multiple candidate bounding boxes according to the overlapping area between each
candidate bounding box in the multiple candidate bounding boxes and the foreground image
region corresponding to the foreground segmentation result, the target determination unit is

specifically configured to:

take, for each candidate bounding box in the multiple candidate bounding boxes, if a
ratio of an overlapping area between the candidate bounding box and the foreground image
region to an area of the candidate bounding box is greater than a first threshold, the candidate

bounding box as the target bounding box.

21. The apparatus of claim 19 or 20, wherein the at least one target bounding box comprises a
first bounding box and a second bounding box, and when obtaining the target detection result
of the input image based on the at least one target bounding box, the target determination unit

is specifically configured to:

determine an overlapping parameter between the first bounding box and the second
bounding box based on an angle between the first bounding box and the second bounding box;

and

determine a target object position corresponding to the first bounding box and the
second bounding box based on the overlapping parameter between the first bounding box and

the second bounding box.

22. The apparatus of claim 21, wherein when determining the overlapping parameter of the
first bounding box and the second bounding box based on the angle between the first
bounding box and the second bounding box, the target determination unit is specifically

configured to:

obtain an angle factor according to the angle between the first bounding box and the
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second bounding box; and

obtain the overlapping parameter according to an Intersection over Union (IoU)

between the first bounding box and the second bounding box and the angle factor.

23. The apparatus of claim 22, wherein the overlapping parameter between the first bounding
box and the second bounding box is a product of the [oU and the angle factor; and the angle
factor increases with an increase of the angle between the first bounding box and the second

bounding box.

24. The apparatus of claim 22 or 23, wherein in a case where the loU keeps fixed, the
overlapping parameter between the first bounding box and the second bounding box increases

with the increase of the angle between the first bounding box and the second bounding box.

25. The apparatus of any one of claims 21 to 24, wherein determining the target object
position corresponding to the first bounding box and the second bounding box based on the
overlapping parameter between the first bounding box and the second bounding box

comprises:

in a case where the overlapping parameter between the first bounding box and the
second bounding box is greater than a second threshold, taking one of the first bounding box

and the second bounding box as the target object position.

26. The apparatus of claim 25, wherein taking the one of the first bounding box and the

second bounding box as the target object position comprises:

determining an overlapping parameter between the first bounding box and the
foreground image region corresponding to the foreground segmentation result, and

determining an overlapping parameter between the second bounding box and the foreground
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image region; and

taking one of the first bounding box and the second bounding box, of which the
overlapping parameter with the foreground image region is larger than that of another, as the

target object position.

27. The apparatus of any one of claims 21 to 26, wherein determining the target object
position corresponding to the first bounding box and the second bounding box based on the
overlapping parameter between the first bounding box and the second bounding box

comprises:

in a case where the overlapping parameter between the first bounding box and the
second bounding box is smaller than or equal to the second threshold, taking each of the first

bounding box and the second bounding box as a target object position.

28. The apparatus of any one of claims 18 to 27, wherein a length-width ratio of a to-be-

detected target object in the input image is greater than a specific value.

29. A training apparatus for a target detection network, wherein the target detection network
comprises a feature extraction network, a target prediction network and a foreground

segmentation network, and the apparatus comprises:

a feature extraction unit, configured to perform feature extraction processing on a
sample image through the feature extraction network to obtain feature data of the sample

image;

a target prediction unit, configured to obtain, according to the feature data, multiple

sample candidate bounding boxes through the target prediction network;

a foreground segmentation unit, configured to obtain, according to the feature data, a

sample foreground segmentation result of the sample image through the foreground
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segmentation network, the sample foreground segmentation result comprising indication
information for indicating whether each of multiple pixels of the sample image belongs to a

foreground;

a loss value determination unit, configured to determine a network loss value
according to the multiple sample candidate bounding boxes, the sample foreground

segmentation result and labeling information of the sample image; and

a parameter adjustment unit, configured to adjust a network parameter of the target

detection network based on the network loss value.

30. The apparatus of claim 29, wherein the labeling information comprises at least one
ground-truth bounding box of at least one target object comprised in the sample image, and

the loss value determination unit is specifically configured to:

determine, for each candidate bounding box in the multiple candidate bounding boxes,
an Intersection over Union (loU) between the candidate bounding box and each of the at least

one ground-truth target bounding box labeled in the sample image; and

determine a first network loss value according to the determined IoU for each

candidate bounding box in the multiple candidate bounding boxes.

31. The apparatus of claim 30, wherein the IoU between the candidate bounding box and the
ground-truth target bounding box is obtained based on a circumcircle comprising the

candidate bounding box and the ground-truth target bounding box.

32. The apparatus of any one of claims 29 to 31, wherein in a process of determining the
network loss value, a weight corresponding to a width of the candidate bounding box is higher

than a weight corresponding to a length of the candidate bounding box.
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33. The apparatus of any one of claims 29 to 32, wherein the foreground segmentation unit is

specifically configured to:

perform upsampling processing on the feature data, so as to make a size of the

processed feature data to be same as that of the sample image; and

perform pixel segmentation based on the processed feature data to obtain the sample

foreground segmentation result of the sample image.

34. The apparatus of any one of claims 29 to 33, wherein a length-width ratio of a target

object comprised in the sample image is higher than a set value.

35. A device for target detection, comprising a memory and a processor, wherein the memory
is configured to store computer instructions capable of running on the processor, and the
processor is configured to execute the computer instructions to implement the method of any

one of claims 1 to 11.

36. A training device for a target detection network, comprising a memory and a processor,
wherein the memory is configured to store computer instructions capable of running on the
processor, and the processor is configured to execute the computer instructions to implement

the method of any one of claims 12 to 17.

37. A non-volatile computer-readable storage medium, storing computer programs thereon,
wherein the computer programs are executed by a processor to cause the processor to
implement the method of any one of claims 1 to 11, or to implement the method of any one of

claims 12 to 17.
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