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Abstract. In order to improve the ability of the accurate detection and recog-
nition of the swing of the training limb of the sprinter, a method of image
recognition based on the visual signal processing for the motion of the limb is
proposed. The method comprises the following steps of: analyzing the motion
characteristic quantity of the swing of a sprinting training limb, carrying out a
sprinting training limb swinging image acquisition by adopting an infrared
characteristic scanning technology, carrying out edge contour detection on the
collected sprinting training limb swinging image. Carrying out contour seg-
mentation and characteristic identification of the swinging of the limb of the
sprinting training limb in combination with the image segmentation technology,
constructing a gray histogram distribution structure model of a sprinting training
limb swing image, and carrying out effective extraction of the motion charac-
teristics of the limb swing and the motion characteristic of the sprinting training
limb by adopting a regional block matching method, The method of multi-
dimensional space reconstruction is adopted to simulate the motion of the limb,
and the visual signal processing and the key feature point calibration method are
adopted to calibrate and detect the characteristic points of the limb swing of the
sprinting training, so as to realize the optimal recognition of the swing of the
training limb of the sprinter. The simulation results show that the method of the
invention has the advantages of high accuracy, good characteristic identification
ability and the capability of improving the swing image recognition ability of the
sprinter training limb.
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1 Introduction

In that field of human body kinematics, it is necessary to carry out the optimization
recognition of the limb swing of the sprinting training, combine the image recognition
and the laser scan tracking technology, carry out the image analysis of the motion of the
limb of the sprinting training, establish a laser scanning and image analysis model of
the swing of the sprinting training limb [1], the method comprises the following steps
of: carrying out the feature extraction and identification of the swing of the limbs of the
sprinting training by adopting a laser imaging method, and improving the characteristic
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identification ability of the sprinting training limb swing; The related sprinting training
limb swinging image recognition method has an important significance in promoting
the kinematics optimization of the human body, Through the characteristic recognition
of the swing of the training limb of the sprinter, the human motion training is guided,
and the related sprinting training limb swing image recognition method has been
greatly concerned by the people [2].

The image recognition of limb swing in sprint training is based on the analysis of
human kinematic image, adopts infrared feature scanning technology of human motion,
carries on the image fractal processing, adopts the laser image recognition method of
sprint training limb swing, realizes the image recognition of limb swing in sprint
training [3]. In the traditional method, the image recognition method of limb swing in
sprint training mainly includes Harris corner detection method. Moment analysis
method and fuzzy information enhancement method, the dynamic fractal recognition
model of limb swing information in sprint training is established, and the laser scanning
and feature recognition of human motion are realized by combining scale decompo-
sition method and multi-mode feature reconstruction method. A real-time extraction
method of limb swing in sprint training based on monocular video is proposed in
reference [4]. Monocular video acquisition method is used to sample and recognize the
laser scanning image of limb swing in sprint training, but the calculation cost of limb
swing image recognition in sprint training is large and the real-time performance is not
good. In reference [5], a method of limb swing image recognition in sprint training
based on video tracking is proposed. According to the law of trajectory distribution, the
optimal feature extraction of human motion video is realized and the accuracy of
recognition is improved. However, the ambiguity of this method is large in the
recognition of limb swing image in sprint training. In order to solve the above prob-
lems, a method of limb swing image recognition for sprint training based on visual
signal processing is proposed in this paper. Firstly, the laser sampling of limb swing
information in sprint training is carried out, and then the gray histogram distribution
structure model of limb swing image in sprint training is constructed. Combined with
the feature point calibration method with large interval and nearest neighbor, the limb
swing image recognition in sprint training is realized. Finally, the simulation test and
analysis are carried out, and the validity conclusion is obtained [6].

2 Image Sampling and Edge Contour Detection of Limb
Swing in Sprint Training

2.1 Image Acquisition of the Motion of the Limbs in the Sprint Training

In order to realize the recognition of limb swinging image in sprint training, firstly,
infrared feature scanning technology is used to collect the wobble image of sprint
training limb, and the edge outline of the collected sprint training limb wobble image is
detected [7]. Assuming that the gray pixel set of sprint training limb swinging laser
scanning image is ði; jÞ, as the pixel center, the method of profile compensation is used
to combine the sharpening template into blocks. At any level of the 3D surface model
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of laser imaging, the matching set of pixel imaging template for sprint training limb
swinging laser scanning image is as follows:

Wu ¼ 1ffiffiffi
a

p
T
ðT
2

þ a
2
� bmÞ ð1Þ

Where, T represents the ratio of flexion to extension acceleration, a represents the
maximum acceleration of oscillation, and bm represents the oscillation frequency. The
level set function reconstruction method is used to reconstruct the laser scanning image
of limb wobble in sprint training. The error matching function of swinging laser
scanning image of sprint training limb is established by using single frame scanning
technology. Combined with pixel reconstruction method, the action feature distribution
pixel set of laser scanning tracking of sprint training limb wobble is obtained.

sðkÞ ¼ / � sðk � 1Þ þ wðkÞ ð2Þ

Where
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s stands for high frequency persistence. The R, G, B components of sprint training
limb swing laser scanning image W are extracted, and the 3D template matching values
AR, AG, AB and WR, WG, WB, of the corresponding sprint training limb swing laser
scanning image are extracted during the evolution of the outline curve. According to
the above analysis, the laser scanning image acquisition model of sprint training limb
swing is constructed, and the feature extraction of sprint training limb swing is carried
out taking into account the regional information of the image [8].

2.2 Image Edge Contour Detection

The method comprises the following steps of: carrying out edge contour detection on
the collected dash training limb swinging image, carrying out contour segmentation
and characteristic identification of the motion of the limb swing by combining the
image segmentation technology, calculating the visual characteristic distribution of the
swinging laser scanning image of the sprinting training limb to the quantification set
[9], the segmentation threshold of the swing laser scanning image of the sprinting
training limb is as follows:

wði; jÞ ¼ 1
ZðiÞ expð�

dði; jÞ
h2

Þ ð4Þ
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Where, ZðiÞ is the template matching value of the sub-region feature matching
region, defines the Gibbs prior energy function of the sprint training limb swing laser
scanning image, through the edge ambiguity identification method, carries on the edge
and the region information combination processing, in the feature mark area, obtains
the image gradient information dynamic fusion result, obtains the sprint training limb
swing laser scanning image template characteristic distribution:

w dij
� � ¼ f xi � xj

�� ��� � ¼ 1ffiffiffiffiffiffi
2p

p exp
xi � xj
� �2

2

( )
ð5Þ

Using the edge gradient information of the image to carry on the sprint training
limb swing laser scanning and the image vision tracking, obtains the image block area
size is M � N, according to the sprint training limb swing laser scanning image vision
RGB value carries on the pixel characteristic separation, the output is:

bi ¼ exp � xi � xj
�� ��2

2r2

( )
1

dist xi; xj
� � ð6Þ

The method comprises the following steps of: constructing an active contour model
of a sprinting training limb swing, carrying out correlation characteristic matching on
the extracted sprinting training limb swinging infrared scanning image, carrying out
information fusion and feature extraction at the edge of the sprinting training limb
swinging target, The edge contour detection model of the swing image of the training
limb of the sprinter is constructed, and the motion attitude recognition is carried out
according to the edge contour detection result [10–12].

3 Image Recognition and Optimization of Swing Training
Limb Swing

3.1 Visual Signal Processing and Calibration of Key Feature Points

In that method, an infrared characteristic scanning technique is adopted to carry out the
image acquisition of the swing training limb, and on the basis of the edge contour
detection of the collected dash training limb swing image, the motion of the limb swing
image recognition is carried out, In this paper, a method of image recognition based on
visual signal processing is presented. a gray histogram distribution structure model of a
sprinting training limb swing image is constructed [13], and a regional block matching
method is adopted to perform effective extraction of the swing and motion character-
istics of the limb swing and motion of the sprinting training limb, and the template
matching function f ðgiÞ of the sprinting training limb swing image is as follows:

f ðgiÞ ¼ c1~ki
XNnp

j¼0

qj~tij
~tij
�� ��r1 þ e

,XNnp

j¼0

qj
~tij
�� ��r1 þ e

ð7Þ
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The background difference component of limb swing image in sprint training is
obtained [14]. The reconstruction model of three-dimensional feature distribution
region is established by using difference information fusion method. Combined with
Gaussian process and deformation model, the dynamic fusion of human motion is
carried out. The gray pixel fusion model of infrared information of limb swing in sprint
training is established, and the fusion results are satisfied.

ð8Þ

Where, k ¼ 1; . . .;M; i; j 2 1; ;Nf g; i\j, calculates the quantitative set of regional
feature distribution of the swinging infrared scanning image of the sprint training limb.
Si i ¼ 1; 2; . . .; Mð Þ, uses the sub-regional feature matching method to fuse the pose
information of the two-dimensional outline feature distribution point M ðxi þ 1

2 ; yiþ 1Þ,
pixel PE1, and constructs the gray edge feature quantity of the swinging infrared
scanning image of the sprint training limb.

min
c
ð min
y2XðxÞ

ðI
cðyÞ
Ac

ÞÞ ¼ etðxÞmin
c
ð min
y2XðxÞ

ðJ
cðyÞ
Ac

ÞÞ þ ð1�etðxÞÞ ð9Þ

Where, etðxÞ is the spatial region pixel of the infrared scanning image of sprint
training limb swing, Ac is the gray information component of infrared scanning image,
IcðyÞ is the transmission intensity of sprint training limb swing under infrared scanning,
and the adaptive fusion output of the image is obtained by using the method of region
block matching:

bnrb Xð Þ ¼ RbX � RbX1 ð10Þ

The image adaptive fusion model of unmarked human motion video is constructed.
Multi-dimensional phase space reconstruction method is used to simulate the limb
swing of sprint training, and dynamic block matching technology is combined to
segment the texture of infrared scanning image of human motion. The super-resolution
fusion model of the image is obtained as follows:

J x; y; rð Þ ¼
@P
@x
@P
@y

 !
¼ 1 0 Lx x; y; rð Þ

0 1 Ly x; y; rð Þ
� �

ð11Þ

Different threshold t is used to segment the infrared scanning image Lx x; y; rð Þ of
human motion, and the fractal estimation and information fusion of the image are
realized.

3.2 Feature Extraction and Recognition of Limb Swing in Sprint Training

The 3D reconstruction image of the original human motion infrared scanning image is
set as F, the outline of the object in the infrared scanning image of human motion is G,
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and the block matching is carried out in the affine invariant region. The volume motion
attitude transformation analysis is carried out by Kalman filtering method [15]. The
attitude transformation matrix is obtained as follows:

Kab ¼
sx 0 0
0 sy 0
0 0 1

24 35 ð12Þ

By adopting the characteristic matching method of the deformation model, the
attitude analysis and the deformation characteristic analysis of the human body motion
are carried out, and the self-adaptive blocking of the human motion infrared scanning
image is carried out on the basis of the combined morphological segmentation method,
so that the edge pixel value of the human body motion infrared scanning image is
obtained:

EextðVðiÞÞ ¼ cðiÞEimageðVðiÞÞ þ dðiÞEconðVðiÞÞ ð13Þ

Where, Eimage represents the information component of human motion infrared
scanning, combined with wavelet transform method, the fusion filtering of human
motion infrared scanning image is carried out, the fractal dimension statistical analysis
model of human motion infrared scanning image is established, and the visual signal
processing and key feature point calibration methods are used to calibrate the feature
points of limb swing in sprint training. The results of super-pixel region reconstruction
of human motion infrared scanning image are obtained:

Pðxw3 ; yw3 jHÞ ¼
Y
xi2w3

YK
k¼1

akgðxij; yij j lk; r2kÞ ð14Þ

The method comprises the following steps of: converting a feature matching
method into a one-dimensional sequence NFc ¼ fn : c � k � n � c þ kg with a
size of 1 � WN, combining a two-dimensional spatial feature distribution fusion
method, performing visual signal processing and a key feature point calibration of an
image, and realizing saliency area feature extraction of the human moving infrared
scanning image, The result of the optimized identification of the output of the sprinting
training limb is as follows:

R x; yð Þ ¼ det Mð Þ
det Hð Þ

¼ Lxx x; y; rð ÞLyy x; y; rð Þ � Lxy x; y; rð ÞLxy x; y; rð Þ
1þ L2x x; y; rð Þþ L2y x; y; rð Þ

¼ r2
Lxx x; y; rð ÞLyy x; y; rð Þ � Lxy x; y; rð ÞLxy x; y; rð Þ

1þ L2x x; y; rð Þþ L2y x; y; rð Þ

ð15Þ
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As above, a multi-dimensional space reconstruction method is used to simulate the
motion of the limb, and the visual signal processing and the key feature point cali-
bration method are used for the calibration and detection of the characteristic points of
the limb swing of the sprinting training, and the optimal recognition of the swing of the
training limb of the sprinter is realized.

4 Simulation Test Analysis

In order to verify the application performance of this method in the recognition of limb
swing image in sprint training, the simulation experiment is carried out. In the
experiment, the fractal dimension of infrared scanning image of human motion is

(a) frame=110

(b) frame=240

(c) frame=280

(d) frame=360

Fig. 1. Sampling results of the swing data of the training limb of the sprinter
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estimated to be 5, the hidden variable data X = [2, 5, 6, 8], the sample training scale is
20, and the edge information adjustment parameter of 3DStudio MAX, infrared
scanning image of human motion is 1.45. The feature segmentation coefficient is 0.65,
and the sampling results of sprint training limb swing data under different sampling
frames are shown in Fig. 1.

Taking the sampling result of Fig. 1 as an input, combining the image segmentation
technique to carry out the contour segmentation and the characteristic identification of
the swing of the limb of the sprinting training, and the characteristic point of the swing
of the sprinting training limb is extracted, and the result is shown in Fig. 2.

According to the extraction results of feature points, the motion shape is 43 frames.
According to the calibration results of large interval nearest neighbors, the body swing
images of sprint training are recognized from different sides, and the recognition results
are shown in Fig. 3.

The analysis of Fig. 3 shows that the method can effectively realize the image
recognition of limb swing in sprint training, and the feature recognition ability is good.
The recognition error is tested and the comparison results are shown in Table 1. The
analysis Table 1 shows that the error of human motion feature recognition by this
method is low.

Fig. 2. Extraction results of the swing feature points of the training limb of the sprinter
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5 Conclusions

The invention relates to an infrared scanning and image analysis model for establishing
sprinting training limb swing, and an image recognition method based on visual signal
processing is proposed in this paper. Build a sprint training body active contour model,
relevant feature matching body swinging infrared scanning image, extraction of sprint

(a) Back

(b) Left side

Fig. 3. Results of image recognition of the swing training limb

Table 1. Error comparison

Iterations Proposed method Reference [3] Reference [4]

100 0.025 0.075 0.176
200 0.012 0.057 0.164
300 0.004 0.045 0.123
400 0.001 0.043 0.087
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training building block body swinging infrared scanning image fusion model of sprint
training, adopt the method of visual signal processing, calibration and the key feature
points, the motion of the body for sprint training for the calibration and testing feature
points, realized the optimization of sprint training body swinging identification. The
results show that this method has the advantages of small error, good recognition effect,
high accuracy, strong feature recognition ability, and can improve the image recog-
nition ability of sprinter training body swing, and improve the accurate detection and
recognition ability of sprinter training body swing.
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