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In order to improve the accuracy of traditional motion image pose contour extraction and shorten the extraction time, a motion
image pose contour extraction method based on B-spline wavelet is proposed. Moving images are acquired through the visual
system, the information fusion process is used to perform statistical analysis on the images containing motion information, the
location of the motion area is determined, convolutional neural network technology is used to preprocess the initial motion image
pose contour, and B-spline wavelet theory is used. The preprocessed motion image pose contour is detected, combined with the
heuristic search method to obtain the pose contour points, and the motion image pose contour extraction is completed. The
simulation results show that the proposed method has higher accuracy and shorter extraction time in extracting motion image

pose contours.

1. Introduction

Sports image pose contour extraction refers to the process of
finding the required contours of sports targets in all frame
images in a certain video sequence [1]. With the increasing
requirements for the accuracy of image information in re-
lated fields, the maturity of the target contour extraction
technology has been further enhanced. With the rapid de-
velopment of science and technology today, sports image
pose contour extraction technology is an important research
content in the field of computer vision and artificial intel-
ligence. This technology has an important role in many
fields, such as medicine, transportation, and military [2]. At
present, people’s lives are inseparable from portable com-
munication devices with camera functions. These devices
produce a large amount of video information every day.
These videos are processed through image pose contour
extraction methods to extract valuable information and
improve work efficiency in various fields. In sports images,
the most basic feature is the edge. The edge is the junction of
the image area and the attribute area and is the place where
the image information is most concentrated. The extraction

of sports image pose contours is a prerequisite for realizing
sports target detection, and it is also an important content in
the field of digital image processing. Only by accurately
extracting pose contour features can it be used for subse-
quent sports target recognition, motion trajectory tracking,
sports target behavior, and so on. The work lays a theoretical
foundation. Therefore, extracting the contours of sports
images has more research value and challenge [3].
Literature [4] proposes a method for extracting pose
contours of nonrigid human motion images. First, pre-
processing of the scale-invariant feature transform (SIFT) is
removed in the human motion image sequence, the human
body feature extraction map is obtained, and a sequence
probabilistic graph model continuity of feature sequence
extraction is designed. Second, the human body appearance
model is constructed. Based on the appearance model, the
contour line of the current human motion frame is extracted
by the high-precision contour extraction method of se-
quence images. The experimental results show that this
method can extract continuous feature sequences, and the
extracted human pose contours are more accurate and have
higher efficiency and robustness. However, the extraction of
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the posture contour of the human motion image in the above
method takes a long time, resulting in low extraction effi-
ciency. Literature [5] proposed a method for extracting the
correct posture contour of a motion image. The correct
posture area of the motion image was extracted by the
adjacent frame difference method. On this basis, the snake
model method was introduced, which extracts the correct
posture contour of the motion image. The problem is
converted to the minimization of the energy function. The
level set method is analyzed, and the evolution curve is
implicitly described as the zero level set of the three-di-
mensional continuous function surface on the motion im-
age. When the level set function is 0, the result is contour
extraction result. Through experiments comparing the ef-
fectiveness of the two proposed methods, it is found that the
contour extraction effect, completeness, and information
loss of the snake model method are better than other
methods but inferior to the level set method. Literature [6]
proposed an image-based secondary feature extraction
method for abnormal gait. According to the pressure change
value of the sole of the foot under different postures, a
feature extraction of the abnormal gait image was com-
pleted. The feature variable data are used to construct the
gait energy map of the walking contour of the target indi-
vidual. At the same time, combined with the KPCA kernel
method, the gait contour data after the primary feature
extraction are processed for dimensionality reduction, and
the secondary feature extraction of the abnormal gait is
completed. The simulation results show that, under normal
gait and abnormal gait, the proposed method can effectively
extract the abnormal gait of the image and has a high feature
extraction effect, indicating that the proposed method has
strong practicability. However, the motion image pose
contour extraction accuracy of the above two methods is
low, resulting in unsatisfactory extraction results. The spline
curve is commonly used for describing the contour of the
target object in the field of image-based visual servo (IBVS).
However, this method has the disadvantage of low sensitivity
and poor precision when facing the camera’s rotational
motions. To solve this problem, literature [7] presented a
visual servo system with rotational pose compensation.
Literature [8] presented a multipose human detection sys-
tem based on unmanned aerial vehicle (UAV) imageries in
real-time. A satisfying detection accuracy of multipose
human detection in complex outdoor environments can be
achieved with no accelerating hardware like graphics pro-
cessing unit.

Aiming at the problems of the above methods, this paper
proposes a B-spline wavelet-based sports image pose con-
tour extraction method, and the effectiveness and practi-
cability of this method are verified through simulation
experiments, which solve the problems of traditional
methods and lay a foundation for sports career base.

2. Sports Image Acquisition

Aiming at the problem of the poor accuracy of image pose
contour extraction in the original image pose contour ex-
traction method, this design is carried out. In order to ensure
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the accuracy of the extraction results, firstly the acquisition
of sports images is completed. Setting the posture of the
sports image as the directional feature of the image can well
reflect the edge state of the image. The direction vector is one
of the important characteristics of the image [9].

In the process of acquiring sports images, the visual
system is used to perceive the direction information in the
sports images. In the process of acquiring sports image
poses, four sets of Gabor filters with different directions of
light are used to extract the direction information in the
pictures. The filter function is set in the filter as a Gaussian
function modulated by a sine function, which has a certain
direction selectivity and spatial connectivity [10]. The filter
function can be embodied by the following formula:

X =x cos a+ Yy sin a,
(1)

¥y =-xsin a+ y cos a.

In the above formula, X and y, respectively, represent the
weighted average of sports image coordinate points x and y
and o represents the direction of the filter. In the extraction
of sports image pose contours, 7 is set to 4; that is, there are 4
directions in the image, and the values are, respectively, 0°,
60°, 120°, and 180°. Based on the characteristics of the filter,
the extracted direction vector is the direction information
perpendicular to the current filter direction in the image
[11]. The direction vector of the sports image is set as the
center-peripheral operator, and then the Gaussian pyramid
is used to perform multiangle transformation on the image’s
posture direction vector feature. The multiscale angle feature
difference information J§(A,B,«) can be expressed as
follows:

0(A,B,a) =|x(A-B-a)-y(B-a)l. (2)

In the above formula, A and B, respectively, represent the
characteristic difference value, and its value is the same [12].
Through the above formula, sports images can be obtained
and used as the data basis for contour extraction.

3. Analysis and Preprocessing of Initial Sports
Image Pose Contour

3.1. Analysis of Initial Sports Image Pose Contour. If you want
to achieve the extraction of sports image posture contours,
first the initial sports image posture contours are analyzed
based on the sports image acquisition, the position of the
sports area is determined, and the initial sports image
posture contours are preprocessed [13]. Under normal
circumstances, the location of the region segmented by the
sports detection process contains the position information
of the target in the previous frame and also contains the
shape of the current frame, and the result of the sports
segmentation indicates the current image position of the
target. Therefore, the image difference method based on the
statistical model is used to complete the sports segmentation.
In the process of assuming that the target is moving, the
camera equipment is still, the image noises of the two frames
before and after are not correlated, and the mixed noise of
the lens and the environment obeys the Gaussian
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FIGURE 1: Model building process.

distribution of 0%/2, and D (k) is assumed to be the difference
image of the two frames before and after. Among them, k
represents a random pixel in the image. If D (k) is accu-
mulated in the field w(k), o is used for normalization
processing. The specific structure is as follows:

2
A=) (@) (3)
)

icw(k

Assuming that none of the pixels in w(k) are moving,
then the normalized difference D (k)/o of all pixels in this
window will all obey the N (0,1) distribution, then the
difference sub and A? needs to obey the x2, distribution, and
the degree of freedom m represents w number of pixels in
the middle. In this way, the probability distribution
p(A*|H,) can be obtained, in which H, represents that the
pixel position has no movement [14].

An appropriate small confidence level 107®<a <1072 is
chosen, and the corresponding threshold [, according to the
X? distribution table is obtained, so that a = p(A*>1,|H,)
can be considered that A% >, pixels are relative motion [15].

Through the above statistical process, the position of the
sports area of the sports image is obtained, and the initial
sports image posture contour analysis is completed. Mor-
phological processing is performed on it, noise is removed,
and this is used as the contour data of the initial sports
image.

3.2. Convolutional Neural Processing. Through the above
settings, the initial sports image posture contour is analyzed,
and the convolutional neural network technology is used to
complete the preprocessing of the initial sports image
posture contour. The pixel processing of the acquired sports
image is expanded, the image feature size is reduced and
restored layer by layer, and the deconvolution layer is used to
obtain the human contour feature map of the image [16].
The operation process is displayed as shown in Figure 1.

The convolutional layer and the pooling layer are com-
bined to extract the posture features of the sports image. The
fully connected layer and the Softmax layer complete the
extraction of global features and the classification output. In
order to ensure the effectiveness of the image model acqui-
sition, the largest pooling form in the VGG16 grid pooling is
selected, as shown in Figure 2. The pooling window is set to
the size of 4 * 4, and the moving step is set to 4.

»

Deconvolution layer Output result

The slow window size is 4*4

\‘/
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X

FIGURE 2: Schematic diagram of maximum pooling.

The sports image processed by the maximum pooling
network is transformed into a one-dimensional feature vector
after multiple connection layers, and the Softmax layer is used
to complete the category processing, and then the posture in
the sports image is obtained. The image information obtained
by using the convolution network is not accurate enough. In
this design, a deconvolution process is added, and the process
is realized by bilinear interpolation by merging the multistage
output results of the neural network. The corresponding
feature points of the image contour acquired for the first time
are set, and its pixel value is obtained, and the interpolation
method is used to obtain the pixel value of the middle point of
the image. The above pixel values are used to fill the pooled
graphics to the original image size [17].

Through the above settings, the magnified image quality
is improved, and the problem of missing pixel values due to
convolutional neural processing is avoided. This setting has
its own filter attribute, which can reduce the occurrence of
unclear image posture contours and improve the detection
accuracy of post-processing motion image pose contours.

4. Pose Contour Detection of Sports Images
Based on B-Spline Wavelet

Through the preprocessed initial sports image posture
contour obtained above, B-spline wavelet theory is used to
detect it. The wavelet transform of the known signal f (X) at
any scale S and direction X is defined as follows:



W f (X) = fys(x) = J FOys(x—-dt. (@)

In the formula, y¢(x) is the expansion of the mother
wavelet ¥ (x) on the scale factor S, which is called the wavelet
function. The wavelet function y (x) is used as the first and
second derivatives of the smoothing function 6 (x):

_df(x)

y(x) = P (5)

When using the maximum point edge detection method
(canny), the wavelet transform multiscale edge detection is
actually convolution smoothing the image surface with a
smooth function 6(x) expansion, and then the canny edge
detection method is used. Generally speaking, the extreme
point detection is more advantageous than the zero-crossing
detection because the zero-crossing detection is more sus-
ceptible to noise interference, and sometimes the zero-
crossing response is not the sudden change point but the
turning point of the signal in the slow-changing interval.

Taking B5'! (x) as the smoothing function 6(x), corre-
sponding to the local extremum detection, the Fourier
transform is as follows:

n+2
v (w) = iw(sin c%) ) (6)
According to the derivative properties of convolution,
d n+1 7 d 0
—_ = — . 7
dx/j ()= dxﬁ (=) @)

The cubic spline is used as the smoothing function 6(x)
to obtain a discrete algorithm for efficient multiscale edge
detection. Using cubic spline function as smoothing func-
tion and its first derivative as wavelet function, then cubic
spline ﬁ3 (x) is as follows:

( +2)°

%) X € [_27_]-]:

— —x*+Z xe [-1,0],
2 3

B (x) =1 (8)

—x’ 2

T—xz‘l'g, XG[O,I),
9 3

RN

According to the determination of the cubic spline
coefficients, the sports image is adjusted through a
smoothing filter to adjust the parameters, through the
convolution with the appropriate horizontal and vertical
templates to complete the estimation of the sampling value
in the image gradient direction, and then the gradient for the
modulus maximum in the direction is determined, and all
local nonmaximum points in the gradient direction are set to
zero to realize the detection of the sports image pose con-
tour. The expression is as follows:
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5. Sports Image Pose Contour Extraction

According to the detection result of the abovementioned
sports image posture contour, the image posture contour is
extracted. According to the highest gradient contour point
obtained in the search process, it is the contour line of the
first frame of the sports image pose, and other contour lines
are obtained by the heuristic search method. The specific
process is as follows:

(1) Calculate the normal line of the contour point: The
contour line of the sports action is set as shown in
Figure 3.

Assuming that the target contour point is p(x, y),
the specific relation formula of the normal line of the
contour point is as follows:

{szcos 0+ x,,

(10)
y =S cos 0+ y,.

Setting 6 to represent the inclination angle of the

straight line and the length from the point to p(x, y)

is S, then the normal vector of the contour point is

shown in Figure 4.

It can be seen from Figure 4 that the normal vector 1
of straight line AB and the normal vector 2 of BC are
first obtained. According to the addition and sub-
traction of vectors, the sum of vectors 1 and 2 can be
obtained, which is the normal vector of B.

(2) Gradient threshold: The normals of points A, B, and
C are calculated. Through the method shown in
Figure 5, first look for 15 points along the upper and
lower parts of each line and calculate the gradient
value. Then, the gradient statistical histogram is used
to calculate the gradient value.

(3) Determine the outline point of the current frame:
First, Fourier transform on the first image is per-
formed, and the Gaussian low-pass filtering method
is used to reduce noise on the previous image. In the
first image, a certain point is searched in the outer
normal to calculate the gradient threshold. A search
is performed on the points in the normal direction,
the first point is stored higher than the gradient
value, and it is treated as a new contour point in the
immediate frame, so that the posture contour of the
sports image can be obtained.

6. Simulation Experiment Analysis

In the process of this research, the design work of sports
image pose contour extraction method based on B-spline
wavelet was completed. In order to ensure the effective-
ness of the method design in this paper, the Matlab
simulation tool was used to operate in VS2010+O-
penCV2.4.13, Windows10 System Intel(R) Xeon(R) CPU
E5-2603v4@2.20 GHz, memory is 32 GB, and resolution is
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Figure 3: Contour of the target part.

FiGure 4: Normal vector of contour points.

o

F1GURE 5: Search 15 points up and down in the direction of the
normal.

800 * 600 in an environment, using comparative experi-
ments to complete the comparison between the method in
this article and the traditional method, so as to obtain the
method difference.

In this experiment, a simulation experiment was used
to complete the experiment. The data used in the ex-
periment came from the Baidu gallery, and some sports
pictures totaling 10,000. Unqualified images are elimi-
nated, 1,000 images are selected as the training set for this
experiment, and the image format is set in the database to
400 * 400. The 1000 images are randomly divided into 5
groups of test data, and the specific settings are shown in
Table 1.

The above sample settings are used as the data basis for
this experiment, and aerobics action images are selected
from the Baidu gallery as the experimental samples. The
original images are shown in Figure 6.

The original aerobics action image in Figure 6 is
denoised, and the output result is shown in Figure 7.

Using the B-spline wavelet-based sports image pose
contour extraction method proposed in this paper, the
nonrigid human motion image pose contour extraction
method proposed in literature [4], and the correct pose
contour extraction method of sports motion image pro-
posed in literature [5], the posture contour extraction is
performed on the image samples, respectively, to verify the
accuracy of the sports image posture contour extraction of
the three methods. The comparison results are shown in
Table 2.

According to the comparison results in Table 2, it can be
seen that the sports image pose contour extraction method
based on the B-spline wavelet proposed in this paper has a
maximum accuracy of 98.9%, rather than rigid body
movement [4]. The sports image pose contour extraction
accuracy of the motion image pose contour extraction
method is only 89.3%, and the sports image pose contour
extraction accuracy of the motion image correct pose
contour extraction method proposed in [5] is only 74.6%.
The proposed method is a motion image pose contour
extraction method based on B-spline wavelet, which is better
than the non-rigid human motion image pose contour
extraction method proposed in [4] and the motion motion
image proposed in [4]. The contour extraction method is
more accurate.

In order to further verify the effectiveness of the method
in this paper, the B-spline wavelet-based sports image pose
contour extraction method proposed in this paper, the
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TaBLE 1: Experimental data sample settings.

Experiment sample number Number of samples Sample format
S1 250 ipg
S2 150 Jjpg
S3 200 ipg
S4 270 Jjpg
S5 130 Jjpg

FIGURE 6: Original image.

FIGUure 7: Denoising output image of aerobics action image.

TaBLE 2: Comparison results of the three methods of sports image pose contour extraction accuracy.

Number of Literature [4] method Literature [5] method Literature [7] method Literature [8] method Method of this article
experiments (%) (%) (%) (%) (%)
10 82.3 71.7 61.6 84.8 93.6
20 82.1 70 60 80 92.4
30 84.5 70.4 60.4 80.4 92.8
40 84.9 71.9 61.1 84.9 92.6
50 85.9 70.1 60.1 80.4 92.5
60 88.4 72.5 64.3 82.5 94.1
70 81.1 73.2 63.4 83.2 93.5
80 81.8 74.6 64.7 84.5 95.8
90 89.3 72.6 64.2 82.9 96.4
100 88 73.4 63.4 83.4 98.9
nonrigid human motion image pose contour extraction According to Figure 8, this paper proposes a motion
method proposed in document [4], and the method pro- image pose contour extraction method based on B-spline
posed in document [5], the correct posture contour ex- wavelet, the sports image pose contour extraction time is
traction method of the sports action image compares the  within 30s, the document [4] proposed the nonrigid human
extraction time of the posture contour of the sports image. = motion image pose contour extraction method, and Ref-

The comparison result is shown in Figure 8. erence [5] proposed the correct posture contour extraction
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FIGURE 8: Comparison results of sports image posture contour
extraction time.

method of the sports image. The extraction time of the sports
image pose contour is within 55 s and 40 s. The sports image
pose based on the B-spline wavelet-based sports image pose
contour extraction method is proposed in this paper. The
contour extraction time is shorter than that of the literature
method.

7. Conclusion

In the conventional sports image detection process, the
target contour feature extraction is a very complicated
process, and it is necessary to study a method that is con-
venient for calculation. For this reason, this paper proposes a
B-spline wavelet-based sports image pose contour extraction
method, through B-spline wavelet theory detects the posture
contours of sports images, calculates the normals of the
contour points, obtains the posture contours of the sports
images, and completes the image posture contour extraction.
The simulation results show that the proposed method of
sports image pose contour extraction effect is better, and the
extraction efficiency is higher. However, with the rapid
development of deep learning today, there may still be some
gap between our method and deep learning method in
performance. Therefore, in the future work, we need to try to
integrate deep learning methods for modeling.
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