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In order to improve the physical quality and even ability of swimmers, this study built OpenCL technology for the swimming
movement design system of swimmers, so as to design a series of movements. Combined with the capture system, this paper
captures and processes the athletes’ movements, obtains the key position information, and calculates the accurate data. It can
provide effective guidance for accurately positioning athletes’ swimming movements, enable users to have a clearer
understanding of their own movements, improve users’ movements, and enhance the system operation effect. According to the
technology and application requirements of virtual swimming training simulator, the overall design scheme of the device is
determined. From the point of view of ensuring the comfort and safety of simulated virtual swimming, the design, installation,
and strength verification of the supporting structure are carried out. Hardware design and selection shall be carried out
according to the requirements of head position detection and virtual environment presentation, including the design of
positioning ball set, camera selection, and VR head display selection. The software functions of head position detection
program and virtual scene program are designed according to the requirements of natural human-computer interaction. The
designed swimming guidance training system has complete functions and stable operation and can be used as an auxiliary tool
for swimming training.

1. Introduction

Swimming is valued by the state, and swimmers in the swim-
ming field have higher requirements for posture. But in the
actual swimming process, it is difficult to achieve their own
positioning. In this paper, a guidance system is built for
the swimming movements of swimmers to cover the swim-
ming movements and monitor the movements of swimmers
[1]. Through real-time motion capture, the motion is trans-
mitted to the computer through the sensor to process the
data and give correct instructions to the athlete, as shown
in Figure 1. In this paper, the system adopts OpenCL tech-
nology to accelerate the system and optimizes the algorithm
in the image processing technology to ensure the image pro-
cessing quality and improve the application effect of the sys-
tem [2]. And carry out experiments to ensure the effective
coverage of the system for swimmers, provide accurate posi-
tioning guarantee for their movement rhythm and ampli-
tude, and provide effective guidance for accurately locating

swimming movement problems of athletes, so that users
can have a clearer understanding of their movements and
improve user actions to improve system performance.
According to the technical and application requirements of
the virtual swimming training simulation device, the overall
design scheme of the device is determined. At present,
human motion analysis based on vision is still a challenging
subject in computer vision. The core problem in motion
analysis is human posture estimation. The task of human
posture estimation is to identify the human body and locate
the joint points of human parts through computer image
processing algorithm. Its applications include human behav-
ior understanding, human re recognition, human-computer
interaction, health monitoring, and motion capture [3].
Artificial intelligence technology has gone deep into sports
training projects. Professional guidance and artificial
intelligence-assisted training make the training process of
athletes more scientific. By collecting a large number of ath-
letes’ training data and using computer technology for visual
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analysis, athletes can comprehensively master their own
growth process. The rapid development of the new genera-
tion of information technology represented by Internet tech-
nology, big data technology, cloud storage technology,
virtual reality technology, etc., and the cross integration
between different disciplines have led to the continuous
development and innovation of a new round of scientific
and technological revolution and industrial revolution. The
emergence of a series of scientific and technological products
and new models has made human life more convenient and
intelligent in the new era [4].

2. Research on Pose Detection Method

In the virtual swimming training simulation device, accurate
and real-time detection of the position and posture of the set
pieces can make the virtual swimming scene change accord-
ing to the user’s movement and head rotation, which is the
key step to realize natural human-computer interaction [5].
The essence of pose detection is to obtain the corresponding
relationship between the spatial coordinates of feature points
and the image coordinates and then solve the conversion
matrix between the object coordinate system and the camera
coordinate system [6]. Among them, the acquisition of the
image coordinates of feature points and the determination
of the corresponding relationship are the focus of this
research. The main content of this chapter is to introduce
the basic principle of pose solution and camera calibration
method and introduce in detail the positioning ball image
recognition method and feature point image coordinate cal-
culation method used in this topic.

2.1. Principle of Pose Solution

2.1.1. Camera Model. The most basic pinhole model in the
camera model includes four coordinate systems:

(1) Object coordinate system Ow is a user-defined three-
dimensional coordinate system

(2) The camera coordinate system Oe is a rectangular
coordinate system established with the camera opti-
cal center as the origin and the optical axis as the Z
axis

(3) The image physical coordinate system o is a planar
two-dimensional coordinate system established with
the principal point (the intersection of the optical
axis and the imaging plane) as the origin, and its x
and y axes are parallel to the x and y axes of the cam-
era coordinate system, respectively

(4) The image pixel coordinate system o is a planar two-
dimensional coordinate system established with the
upper left corner of the image as the origin. Its u
and v axes are parallel to the x and y axes of the
image physical coordinate system [7]. Different from
the other three coordinate systems, the coordinates
in the image pixel coordinate system are in pixels

The conversion relationship between the four coordinate
systems based on the camera pinhole model is described as
follows:

(1) From Object Coordinate System ow to Camera Coor-
dinate System o. According to the coordinate conver-
sion principle, the conversion from the object system
ðxw, yw, zwÞ to the camera system coordinates ðxc,
yc, zcÞ can be completed through the rotation matrix
R and the translation vector t, as shown in the fol-
lowing formula:
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Figure 1: Swimming movement guidance training system.
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Secondly, the coordinates and matrix form are shown in
the following formula:
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(2) Coordinate Conversion from Camera Coordinate Sys-
tem Oc to Image Physical Coordinate System 0. The
projection of any point p in the 3D scene on the
camera imaging plane is p [8]. According to the sim-
ilar triangle principle, it can be seen that there is a
relationship between the camera system coordinates
ðxc, yc, zcÞ of point p and the image physical system
coordinates ðx, yÞ of point P as shown in the follow-
ing formula:

x = f xc
zc

,

y = f yc
zc

:

8>>><>>>: ð3Þ

Secondly, the coordinates and matrix form are shown in
the following formula:
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(3) Coordinate Conversion from Image Physical Coordi-
nate System 0 to Image Pixel Coordinate System Oi.
The main point is theoretically located at the center
of the image, but due to the defects of camera
manufacturing technology, the main point often
deviates from the center of the image [9]. Similarly,
due to the manufacturing process deviation, the
actual pixels are often not square, and there are scale
differences in the u and v directions. Assuming that
the coordinates of the main point in the image pixel
coordinate system Oi are ðcx, cyÞ, and the physical
lengths of each pixel in the u, v directions are k, l,
respectively, the conversion relationship between
the image physical coordinates ðx, yÞ and the image
pixel coordinates ðu, vÞ is shown in the following
equation:

u = x
k
+ cx,

v = y
l
+ cy:

8><>: ð5Þ

Its homogeneous coordinates and matrix form are
shown in the following formula:
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Combining the above equations (2), (4) ,and (6), the
conversion relationship between the object system coordi-
nates ðxw, yw, zwÞ of point P and the image pixel coordinates
ðu, vÞ of its image point is obtained as follows:
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where f x and f y are the focal length in pixels, and cx and
cy are used as internal parameters of the camera.

2.1.2. PnP Problems. PnP is a classical problem in the field of
computer vision, the calibration of camera external parame-
ters. Assuming that there are n different P points, according
to the internal parameter matrix and distortion parameters
obtained from camera calibration, as well as the object sys-
tem coordinates ðxw, yw, zwÞ and image coordinates ðu, vÞ
of N groups of P points, n groups of conversion formulas
can be listed [10]. To solve the PnP problem, the relative
pose of the object coordinate system ow and the camera
coordinate system OE is determined from the conversion
formula of n ð2 < n < 6Þ, that is, the external parameter
matrices R and t. Solving the PnP problem can effectively
solve the pose of objects based on a single image, avoiding
the problem of determining the corresponding relationship
between image points in the pose solution method based
on multiple images [11]. PnP (Perspective-n-Point) is a
method for solving 3D to 2D point-to-point motion. The
purpose is to solve the pose of the camera coordinate system
relative to the world coordinate system. It describes how to
estimate the pose of the camera when the coordinates of a
3D point (relative to the world coordinate system) and the
pixel coordinates of these points are known (that is, to solve
the rotation matrix and translation vector from the world
coordinate system to the camera coordinate system). It is
quite a wide range of vision-based pose solving methods.
This subject plans to adopt the re projection algorithm real-
ized by OpenCV, obtain the coordinates of the feature point
object system through the positioning ball group measure-
ment, obtain the camera internal parameters and distortion
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parameter matrix through the camera calibration, and
obtain the feature point image coordinates through the
image processing method. Finally, combined with the above
known information, the relative position and orientation
ph2c of the positioning ball group in the camera coordinate
system in each moving image is solved [12].

2.2. Camera Calibration Method. Camera calibration is the
process of obtaining camera internal parameters and distor-
tion parameters. The commonly used calibration methods
can be divided into traditional camera calibration methods
and camera self-calibration methods. Among them, the tra-
ditional camera calibration method uses the known scene
structure information for calibration. Usually, the high-
precision known structure information is provided by the
precision calibration block, which is often difficult to achieve
in practical applications. Therefore, although the traditional
method has high calibration accuracy, it is difficult to apply
[13]. The camera self-calibration method is calibrated by the
corresponding relationship between image points. Because it
does not need calibration blocks, it has the advantages of
flexibility and convenience compared with the traditional
methods; however, its calibration process is complex, and
the nonlinear method is used for calibration, which has
low accuracy and insufficient robustness. After the camera
calibration is completed, the re projection error is often used
as the evaluation standard of the final calibration effect. The
re projection error considers not only the calculation error of
homography matrix, but also the measurement error of
image points. In the homography transformation from the
object plane to the image plane as shown in Figure 2, x is a
point in the object plane, x′ is the corresponding point of
x in the image plane, and the relationship between them
should meets the relationship shown in the following equa-
tion [14].

x′ =Hx, ð8Þ

where H is a plane homography matrix.
Then, the form of re projection error is shown in the for-

mula:

ε = d2 x，x̂ð Þ + d2 x′，x̂′
� �

subject to x̂′ = Ĥ bx, ð9Þ

where x̂ is the estimated value of x, x̂ is the estimated
value of x′, and Ĥ is the estimated value of H. In the process
of camera calibration, since the mark points on the chess-
board calibration board are standard points formulated
strictly according to the size, it can be considered that x is
absolutely accurate, and the estimation x̂ of x is itself, so
the re projection error degenerates into a unilateral transfor-
mation error under the strong constraint condition x = x̂, as
shown in the following equation.

ε = d2 x′, x̂′
� �

= d2 x′, Ĥx
� �

: ð10Þ

3. Swimming Image Processing Application

The extraction and synthesis of key technology action pic-
tures are aimed at analyzing the technical advantages and
disadvantages of the observation object from the perspective
of key actions. For the 3D modeling of the observed object,
aiming at the swimming posture information, the image
processing method is studied to lay the foundation for the
next chapter [15].

3.1. Analysis of Key Information during Turning. A certain
distance should be reserved before swimming turns to facil-
itate adjustment of movements. The deceleration caused by
nonstandard actions and other factors will greatly affect
the turning effect, so it is also important to analyze the
breaststroke action before turning [16], through the angle
between knee joint, hip joint, trunk body, and horizontal
plane. From these three angles, we can determine the
rhythm of the swimmers’ turning process and whether the
body position at each stage is correct and then give targeted
optimization opinions. For the region image, it is necessary
to determine the hue value range according to the color
model, as shown in Table 1.

After positioning the color, calculate the coordinate sys-
tem according to its spherical center point, as shown in
Table 2.

3.2. Analysis and Research of Image Processing in the Field of
Swimming. In order to obtain the swimmer’s posture infor-
mation, it is necessary to process the image. Image process-
ing is a technology for analyzing, processing, and processing
images to meet the needs of key information extraction and
positioning [17]. From the origin, image processing is actu-
ally an application of signal processing in the field of digital
images, because most of the images at this stage are stored in
digital form. After studying the main flow of image process-
ing, the main flow of image processing in this system is
determined: first, the image gray is removed, then the noise
is removed, and finally the edge is detected. After the pro-
cessing of component method, the image with R matrix, G
matrix, and Bmatrix as gray value is obtained [18]. Gaussian
filtering is also a typical linear smoothing filtering method,
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Figure 2: Plane homography transformation.
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which has good performance in eliminating Gaussian noise.
Therefore, Gaussian filtering is also widely used in all kinds
of image processing to remove noise. Gaussian filtering is a
kind of linear smoothing filtering, which is suitable for elim-
inating Gaussian noise and is widely used in the noise reduc-
tion process of image processing. In layman’s terms,
Gaussian filtering is a process of weighted averaging of the
entire image. The value of each pixel is obtained by weighted
averaging of itself and other pixel values in its neighborhood.
Gaussian filtering is actually a weighted average of each pixel
in the field. The filtered value of each pixel is jointly deter-
mined by the points in the field with it as the central point,
that is, each point is weighted and averaged to obtain the
value of the point [19]. The Gaussian kernel for image con-
volution by Gaussian filter is usually a 3 ∗ 3 or 5 ∗ 5 Gauss-
ian template. The commonly used Gaussian template is
shown in Figure 3.

According to the content of Figure 3, the position
parameters in each template are calculated by Gaussian
function, and the calculation formula is as follows:

G x, yð Þ = 1
2πσ2 e

x2+y2/2σ2 : ð11Þ

x2 and y2 in the formula represent the distance, that is,
the distance between a pixel and the center point in the field.
In the formula, O represents the standard deviation [20]. It
can be seen from the formula that the smoothing effect
changes with the size of the standard deviation. The larger
the standard deviation, the better the smoothing effect. The
smaller the standard deviation, the more general the
smoothing effect.

4. Analysis and Evaluation of
Swimming Movements

This chapter captures the swimming before turning. In this
process, the information of key positions includes knee joint,
hip joint, and the angle between the trunk and the horizontal
plane. Through the observation of these three angles, we can
determine whether the swimmer’s movement before turning

is standard and then determine whether the speed decreases.
The original intention of the system design proposed in this
paper is to improve the standard of athletes’ turning move-
ments. In order to achieve this goal, it is necessary to com-
pare the movements of the observed with the standard
movements. Therefore, it is necessary to compare both the
standard data and the comparison algorithm [21]. Then,
combined with their own understanding of swimming, a
comparison algorithm is designed to let the observed clearly
understand the problems and standard degree of their own
actions. At the end of this chapter, the algorithm is imple-
mented by an example.

4.1. Application of Image Processing Algorithm in
Swimming Detection

4.1.1. Sobel Operator. Sobel operator belongs to discrete dif-
ference operator. As a common method of edge detection,
Sobel operator convolutes all pixels of the image through
the kernel of the operator. The cores here are mainly two
templates of 3 ∗ 3. Two sets of values can be obtained by
plane convolution between the horizontal and vertical
matrix templates and the points in the image, which are
the horizontal and vertical brightness difference values,
respectively. For the processed image, select the appropriate
threshold to extract the edge. The implementation in this
example is as follows: the image before processing is repre-
sented by C. The transverse test results are represented by
Gx, and the longitudinal test results are represented by Gy .
Formula (12) and formula (13) represent Gx and Gy , respec-
tively.

Gx =
−1 0 +1
−2 0 +2
−1 0 +1

2664
3775 ∗ C 4 − 1ð Þ, ð12Þ

Gy =
+1 +2 +1
0 0 0
−1 −2 −1

2664
3775 ∗ C 4 − 2ð Þ: ð13Þ

For the pixel points traversed horizontally and vertically,
the final value of the point can be obtained through the fol-
lowing formula:

G =
ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
G2
x +G2:

y

q
ð14Þ

After studying Sobel operator, it is found that the main
advantage of using Sobel operator for edge detection in the
swimming field is that the processing speed is faster. The
disadvantage is that the template with only two directions
can only detect edges in two directions, namely, the vertical
direction and the horizontal direction. The Sobel operator
does not strictly distinguish the subject and the background
of the image. In other words, the Sobel operator is not proc-
essed based on the grayscale of the image. Since the Sobel
operator does not strictly simulate the human visual

Table 1: Range of color hue values.

Color Hue value H range

Yellow 30-50

Green 70-90

Blue 100-122

Purple 150-170

Table 2: Object coordinate system of feature points.

Color X coordinate/mm Y coordinate/mm Z coordinate/mm

Green 0 -38 0

Yellow 35.83 12.66 0

Purple -17.91 12.66 -31.03

Blue -17.91 12.66 -31.03
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physiological characteristics, the extracted image contour
sometimes is not satisfactory. At this time, Sobel operator
edge detection cannot achieve the desired effect for the pose
processing scene with high accuracy requirements. At the
same time, pixels with gray value greater than the threshold
are regarded as edge points in this way. Some noise points
with large gray value, such as large water waves, may also
be judged as edges [22]. In order to test the edge detection
performance of Sobel operator in swimming scene,
MATLAB is used to detect the following pictures.

It can be seen from the results that there are many mis-
judgments about edges detected by Sobel operator, which are
mainly reflected in the following three aspects:

(1) Water waves are often detected as edges

(2) The edge of the swimmer’s swimsuit is misjudged as
nonedge

(3) Too much internal information of the target will
have a certain impact on the follow-up experiments

4.1.2. Canny Operator. Canny operator is a multilevel edge
detection algorithm. The significance of Canny operator is
to find the optimal edge of the image. The principle is as fol-
lows: firstly, the image is denoised. The purpose of denoising
is that many noises belong to high-frequency signals, which
will lead to misjudgment in edge detection. Although Gauss-
ian filtering can reduce the probability of misjudgment, the
edge information of the image may also belong to high-
frequency signals, so it is also very important not to judge
the edge as noise. Here, the grasp of the scale lies in the
selection of an appropriate Gaussian blur radius [23]. The
template is used to calculate each pixel, then the nonmaxi-
mum value is suppressed, and finally the double threshold
detection is performed. The original graph processed by
Canny operator obtains the research results. It can be seen
from the results that Canny operator is more accurate and
precise for human body edge detection. Only the edge of
the foot cannot be accurately identified due to the large
spray, and the spray part still detects the edge, but has little
impact.

4.2. Detection of Key Information. After edge detection, in
order to get the position information of key points, the sys-
tem chooses to carry out Hough line detection on the image
after edge detection. The purpose is to obtain the coordi-
nates of the key position. The included angle of a key posi-

tion can be determined by three coordinates. Hough
transform is an algorithm that image processing must come
into contact with. It detects objects with a specific shape
through a voting algorithm. This process obtains a set con-
forming to the specific shape in a parameter space by calcu-
lating the local maximum value of the cumulative result. The
Hough transform method can detect shapes such as circles,
lines, ellipses, etc. In the lane line detection, one of the solu-
tions initially considered is to use the Hough transform to
detect the straight line for lane line extraction. Hoff line
detection uses the duality of lines and points to detect. In
line detection, the points in the parameter space correspond
to the lines in the image space one by one. Similarly, the
points in the image space correspond to the lines in the
parameter space one by one. In the coordinate system, a line
can be expressed as y = kx + b, K is the slope, and B is the
intercept, both of which are constants [24]. The parameters
of all straight lines passing through point M ðx1, y1Þ satisfy
the equation, that is, the point determines a group of straight
lines. If the equation is rewritten as b = −kx,+y1, it represents
a straight line in the parameter space, as shown in Figure 4.

If Bðx2, y2Þ and a point are added to the line y = kx + b
, Bðx2, y2Þ also corresponds to a line in the parameter space,
as shown in Figure 5.

In practical application, the image space is shown in
Figure 6. If multiple pixel points in the source image form
a straight line, the curve mapped to the parameter space
can intersect at one point, and the intersection of the curve
can be detected in the parameter space to determine the
straight line.

After the original image is detected, the parameter space
image is obtained. The linear direction is discretized, the
direction R is obtained, and the results are obtained by statis-
tical selection. The coordinates of the key position can be
selected, and then, the key position information can be cal-
culated according to the nearby coordinates. After the oper-
ation, the action information of the swimmer’s key position
can be obtained. After the action continuous frames are
processed, the continuous information can be obtained, as
shown in Figure 7.

4.3. Design and Application of Swimming Motion Evaluation
Algorithm. The original intention of the system design pro-
posed in this paper is to improve the swimmer s’ turning
movements. In the process of improving the swimming
movements, athletes need to first locate their own problems
and then improve to the standard movements. The
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Figure 3: Common templates for Gaussian filtering.
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evaluation algorithm is added in the improvement process.
After in-depth study of the key information in the swim-
ming process, the following motion evaluation algorithm is
designed. The action evaluation algorithm mainly includes
two contents:

(1) Give users suggestions on optimizing the action
standardization

(2) Quantifying the user’s actions

The evaluation of the above two points is based on the
comparison between the action of the observer and the stan-
dard action. The observation index is to analyze the accuracy
of the athletes’ swimming rhythm and observe whether the
athletes’ actions are standard [25]. Therefore, the order of
importance of the three aspects of the evaluation system is
as follows: whether the action cycle is standard, the propor-
tion of standard action time, and whether the action ampli-
tude is standard. The weights of these three points are
defined as 50%, 30%, and 20%, respectively. Therefore, the
comprehensive score formula is as follows:

CS = P + 50% + Tps ∗ 30% + Aps ∗ 20%, ð15Þ

where CS is the comprehensive score, P is the score of
the standard part of the action cycle, Tps is the score of the
proportion of the standard action time, and Aps is the score
of the standard part of the action. The obtained formula is as
follows:

P = e− x−28ð Þ2/50 ∗ 100: ð16Þ

Establish the amount data of the standard action, calcu-
late the information of each key position through the above
method, then adjust the cycle of each breaststroke action to
the action cycle of the observer, and average the key infor-
mation calculated in these 23 frames, that is, obtain the
curve as shown in Figure 8. According to the proportion of
standard action time and the scores of each link, the com-
prehensive scores of athletes are obtained.
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Figure 5: Mapping diagram of rectangular coordinate system and
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Figure 6: Mapping diagram of rectangular coordinate system and
parameter space 3.
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5. Construction of Swimming Guidance System

The method of detecting breaststroke action in the previous
chapter is extended to detecting breaststroke turning action.
After detecting breaststroke turning action, the details of
turning action are analyzed, standard action data are estab-
lished, and comparison algorithm is designed [26]. A turn-
ing motion guidance system based on OpenCL technology
is established to facilitate users to use the system and
improve the real-time feedback ability of the system.
OpenCL defines two different programming models: task
parallelism and data parallelism. In the data parallel mode,
computing data is divided and allocated to different comput-
ing units for simultaneous computing, which is suitable for
computing tasks with independent data. Task parallelism
refers to the fact that each step of the computing step has a
front-to-back dependency, which makes it impossible for
us to execute the computing tasks in parallel. Therefore, we
can only parallelize the data of each step and then perform
asynchronous/synchronous serial execution of the entire
process. In order to coordinate the sequence of the entire
process, OpenCL provides an event mechanism for process
synchronization control.

5.1. Key Information Detection during Turning. The turning
action in this chapter refers to the stage from the time when
both hands touch the wall to the time when both feet leave
the wall, such as Canny operator edge detection and Hoff
line detection, to detect the breaststroke turning action of
an athlete. Figure 9 is obtained. After the position of power,
the goal of each stage, and the information of key nodes in

the process of turning are clear, the evaluation algorithm
of breaststroke turning can be designed.

5.2. Design and Application of Turning Motion Evaluation
Algorithm. From the target and key node information pur-
sued at each stage of the turning process, the breaststroke
turning motion evaluation algorithm is similar to the breast-
stroke motion evaluation algorithm, but the difference lies in
the data of the standard motion. Therefore, the comprehen-
sive scoring link formula is consistent with the breaststroke
action evaluation algorithm. In order to judge whether the
athletes’ turning movements are standard or not, it is neces-
sary to clarify two points: first is the standard movement
data; second is the algorithm of comparison with standard
data. Select eight athletes and observe their action cycles to
obtain the standard data curve as shown in Figure 10.

After analyzing the athletes’ movements, the scores of
the swimmers’ strokes are evaluated, and the data of each
link are substituted into the following formula:

CS = p ∗ 50% + Tps ∗ 30%
+ Aps ∗ 20%CS = e− 30−28ð Þ2/25 ∗ 100 ∗ 50%

+ 1 − 8
30

� �
∗ 100 ∗ 30% + 1 − 85:47 − 62:38

62:38

� �
∗ 100 ∗ 20%CS = 43:

ð17Þ

The comprehensive scores are as follows: the swimmer’s
turning action score is low. In order not to strike the athletes’
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Figure 8: Comparison diagram of breaststroke action and standard action of an athlete.
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psychology, the difficulty of the scoring system can be
adjusted. By adjusting the variance of the Gaussian function
and the definition of nonstandard actions, the range of stan-
dard actions can be expanded. For example, the difficulty
can be reduced, and the score can be increased from 5% to
10%. In order to optimize swimmers’ movements, it is nec-
essary to establish a library of optimization suggestions,

which can be set in advance according to different condi-
tions of swimmers.

5.3. Construction of Turning Motion Guidance System Based
on OpenCL Technology. OpenCL is an open computing lan-
guage. It is mainly designed for parallel computing on het-
erogeneous computing platforms. Most heterogeneous
computing platforms have at least two computing devices
in the same operating system. The instruction set and hard-
ware architecture of these devices are widely different. Het-
erogeneous computing platforms have a wide range of
applications, among which the most famous combination
is the combination of processor and graphics card, namely,
CPU and GPU. The reason why CPUs and GPUs are so dif-
ferent is that they are designed for two different application
scenarios. The CPU needs strong versatility to handle vari-
ous data types and at the same time requires logical judg-
ment, which will introduce a large number of branch
jumps and interrupt processing. These all make the internal
structure of the CPU extremely complex. GPUs, on the other
hand, face large-scale data of highly uniform types, indepen-
dent of each other, and a pure computing environment that
does not need to be interrupted.

5.3.1. Hardware Level. In terms of hardware, it combines
programmable logic embedded dual core cortex-a9 hard
core processor, which is the latest processor in the field
and can fully meet the flexibility of design. DE10-Nano is
also equipped with high-speed DDR3 memory, digital simu-
lation function, Ethernet, and other application functions.

5.3.2. Software Level

(1) Set up the working environment of OpenCL. Unzip
the board level support package of DE10-Nano to
the specified location. In order for the compiler to
find the location of the DE10-Nano device, you need
to create a new variable in the system environment
variable. Then, in order for the windows system to
find the relevant compilation commands of OpenCL,
you need to conFigure the SDK with relevant envi-
ronment variables. After configuring environment
variables, it is necessary to verify the availability of
heterogeneous systems to ensure the availability of
heterogeneous platforms

(2) Write the source program. OpenCL programs are
divided into host programs and kernel programs.
The host program mainly provides the relevant envi-
ronment and parameters to allow the kernel code to
run in the device

(3) Download the Linux image of OpenCL BSP with
DE10-Nano on the official website, burn it to the
SD card, and then boot the development board
through the SD card. After the development board
is connected and powered on, ensure that the IP
address of the development board is in the same net-
work segment as the PC compiling the code and then
copy the compiled code to the development board.
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Figure 9: Key information of turning movement.
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After entering the development board, initialize the
runtime mechanism of OpenCL and finally run the
host program. Hosts is a system file without an
extension. Its basic function is to establish an associ-
ated “database” between some commonly used URL
domain names and their corresponding IP addresses.
When a user enters a URL that needs to log in in the
browser, the system will automatically first find the
corresponding IP address from the Hosts file. Once
found, the system will open the corresponding web
page immediately. If not found, the system will sub-
mit the URL to the DNS domain name resolution
server for IP address resolution. If it is found to be
a blocked IP or domain name, this page will be
blocked from opening

This system is used to analyze the breaststroke turning
movement of an athlete who has been trained for four years.
After inputting the breaststroke turning movement video of
the athlete, display the results on the screen connected to the
development board. The results are more targeted to point
out the problems of the athlete, and the suggestions given
are also more targeted. Therefore, this system has a good
effect in practical application.

6. Conclusion and Prospect

6.1. Conclusion. This system is put forward under the con-
dition that the popularization rate of scientific training
auxiliary equipment in the field of domestic swimming
training is not high and the turning technology of domes-
tic athletes is generally backward. It is intended to quantify
the swimming movement, so that athletes can more con-
veniently optimize their technical movements, and then
promote the country to a higher level in the competitive
sports of swimming. Starting from the goal, because the
turning movement has a great impact on the competition
results, and breaststroke has a wide coverage of the crowd,
this paper takes the breaststroke turning as the starting
point of this system. In this paper, the appropriate image
processing method is selected through the experimental
method. After using the above methods to analyze the
breaststroke and turning movements of the athlete, the
data are collected into a chart, the change trend of each
index and the logic driving its change are analyzed in
detail, the standard action model is constructed, and the
athlete’s action is compared with the standard action.
Then, the motion evaluation algorithm is designed.
Through this algorithm, athletes can get targeted motion
optimization suggestions and comprehensive evaluation
scores. The purpose of using OpenCL technology on the
FPGA system is to reduce the threshold for users to use
the system by strengthening the portability of the system
and helping the popularization of the system. First, the
DE10-Nano development board is used to connect the sys-
tem hardware. Then, at the software level, the OpenCL
working environment is built to complete the preparation
of host code and kernel code. After compilation, it is cop-
ied to the development board and run.

6.2. Prospect. The original intention of this system is to
improve the standard of swimmers’movements scientifically
and conveniently. Science means that the evaluation of
swimmers’movements is accurate, and the suggestions given
are highly targeted.

At the level of promoting scientificity

(1) The standard action data of the system still needs to
be optimized. In the future, we can observe the
movements of more professional athletes and then
continuously optimize the standard data according
to the algorithm

(2) Introduce more dimension data. Although these
three angles can locate the important attitude infor-
mation of the observer, they are still not comprehen-
sive. In the future, more angles can be added or
included angles that can show more information
can be found to build more comprehensive and
detailed posture information

(3) The algorithm for optimizing standard data needs to
be further improved. The logic of the existing algo-
rithm is to constantly average the posture data of
high-level athletes with the standard action. In the
future, we can consider adding weights of different
athletes, that is, to enhance the impact of the posture
data of top athletes on the standard action data

(4) The anti-interference ability of image processing still
needs to be improved. Due to the complex underwa-
ter environment, the water quality may be turbid, the
light may be weak, and the athletes’movement range
may lead to more bubbles or even interference from
other swimmers. At this time, the image processing
algorithm needs to be further improved to obtain
accurate data

At the convenience level

(1) Further optimize the degree of automation of the
system. The existing system is unable to recognize
the swimming pose for the time being. In the future,
we will consider adding in-depth learning technol-
ogy to allow the system to judge the user’s swimming
pose according to the user’s actions and complete the
selection and solution of key information

(2) As an app, it is carried into a waterproof smart
phone. The popularity of existing smart phones is
high. In the future, with the improvement of tech-
nology, the waterproof performance of mobile
phones will also be improved. When waterproof
smart phones are common, they can be considered
to be carried into smart phones as apps

Data Availability

The datasets used and analyzed during the current study are
available from the corresponding author on reasonable
request.

10 Wireless Communications and Mobile Computing



Conflicts of Interest

The author declares no conflict of interest.

References

[1] C. Ma, J. Jia, Z. Liu, K. Zhang, J. Huang, and X. Wang, “Simu-
lation of three-dimensional phase field model with LBM
method using OpenCL,” The Journal of Supercomputing,
vol. 78, no. 8, pp. 11092–11110, 2022.

[2] A. M. Almomany, A. al-Omari, A. Jarrah, M. Tawalbeh, and
A. Alqudah, “An OpenCL-based parallel acceleration of a
Sobel edge detection algorithm using Intel FPGA technology,”
South African Computer Journal, vol. 32, no. 1, pp. 3–26, 2020.

[3] J. Ruokolainen, M. Hyttinen, J. Sorvari, and P. Pasanen,
“Exposure of cleaning workers to chemical agents and physical
conditions in swimming pools and spas,” Air Quality, Atmo-
sphere and Health, vol. 15, no. 3, pp. 521–540, 2022.

[4] Y. Li, N. Nord, G. Huang, and X. Li, “Swimming pool heating
technology: a state-of-the-art review,” Building Simulation,
vol. 14, no. 3, pp. 421–440, 2021.

[5] E. Lang, S. Silva, and N. Persaud, “Are guidelines fueling ineq-
uity? A call to action for guideline developers and their panel-
ists,” Chest, vol. 159, no. 2, pp. 465-466, 2021.

[6] R. Yuan, Y. Han, and X. Lu, “Nonlinear random matrix-based
intelligent management model for swimming place waters,”
Mathematical Problems in Engineering, vol. 2022, Article ID
7601021, 12 pages, 2022.

[7] S. Zhang, J. Dai, and Z. Nie, “Can swimming teaching prevent
drowning? An experimental study of children in China,” Dis-
crete Dynamics in Nature and Society, vol. 2022, Article ID
6141342, 8 pages, 2022.

[8] S. Yanlin, Z. Chen, and W. Xie, “Swimming as treatment for
osteoporosis: a systematic review and meta-analysis,” BioMed
Research International, vol. 2020, Article ID 6210201, 8 pages,
2020.

[9] R. Caas, J. Figueroa-Puig, R. Ramirez-Campillo, and
M. Tuesta, “Plyometric training improves swimming perfor-
mance in recreationally-trained swimmers,” Revista Brasileira
de Medicina do Esporte, vol. 26, no. 5, pp. 436–440, 2020.

[10] D. Selva, D. Pelusi, A. Rajendran, and A. Nair, “Intelligent net-
work intrusion prevention feature collection and classification
algorithms,” Algorithms, vol. 14, no. 8, p. 224, 2021.

[11] N. Ishmukhametova, S. Ilin, and R. Garifullin, “Implementa-
tion of swimming classes in the physical education system of
non-profiled universities and their impact on student bodies,”
SCIENCE AND SPORT Current Trends, vol. 8, no. 1, pp. 122–
127, 2020.

[12] O. Ganchar, I. Ganchar, and I. Cherkun, “The methodical sys-
tem aimed at forming swimming skills of the cadets majoring
in marine profile in the process of training and improving,”
Scientific bulletin of South Ukrainian National Pedagogical
University named after K D Ushynsky, vol. 3, no. 132, pp. 48–
56, 2020.

[13] J. Yin, S. Huang, L. Lei, and J. Yao, “Intelligent monitoring
method of short-distance swimming physical function fatigue
limit mobile calculation,” Wireless Communications and
Mobile Computing, vol. 2021, Article ID 9919231, 6 pages,
2021.

[14] L. Zhang and W. Liu, “Swimming training evaluation method
based on convolutional neural network,” Complexity,
vol. 2021, Article ID 4868399, 12 pages, 2021.

[15] X. Sun, F. Li, C. Wu, and F. Zhai, “Dynamic analysis of inter-
national swimming research using CITESPACE,” Mobile
Information Systems, vol. 2022, Article ID 1213708, 13 pages,
2022.

[16] A. Dorontsev and A. Svetlichkina, “Risk factors for the devel-
opment of maladaptive reactions to different types of physical
load in middle-aged men,” Human Sport Medicine, vol. 20,
no. 1, pp. 135–141, 2020.

[17] A. B. Gudkov, A. F. Shcherbina, O. N. Popova, and A. N. Nika-
nov, “Characteristics of indicators of central hemodynamics of
cadets of marine university in the period of long swimming,”
Marine Medicine, vol. 7, no. 1, pp. 54–59, 2021.

[18] K. Y. Ozeker, M. Bilge, D. Selin, and Y. Kose, “The effect of
dry-land training on functional strength and swimming per-
formance of 10-12 years old swimmers,” Progress in Nutrition,
vol. 22, no. 2, pp. 1–10, 2020.

[19] M. Arandelovic, I. Stankovic, and M. Nikolic, “Swimming and
persons with mild persistant asthma,” The Scientific World
Journal, vol. 7, Article ID 513291, 7 pages, 2007.

[20] M. O. Segizbaeva and N. P. Aleksandrova, “Adaptive changes
of the ventilatory function in athletes with different training
type,” Human Physiology, vol. 47, no. 5, pp. 551–557, 2021.

[21] D. Kishore, S. Shubhajit, A. V. Chukwuka, and S. N. Chandra,
“Behavioural toxicity and respiratory distress in early life and
adult stage of walking catfish Clarias batrachus (Linnaeus)
under acute fluoride exposures,” Toxicology and Environmen-
tal Health Sciences, vol. 14, no. 1, pp. 33–46, 2022.

[22] M. R. F. Ramos, Y. A. C. S. Junior, and L. A. B. de Souza,
“Swimming as treatment of scapular dyskinesis,” Case Reports
in Orthopedics, vol. 2019, Article ID 5607970, 3 pages, 2019.

[23] S. F. Masoomi, A. Haunholter, D. Merz, S. Gutschmidt, X. Q.
Chen, and M. Sellier, “Design, fabrication, and swimming per-
formance of a free-swimming tuna-mimetic robot,” Journal of
Robotics, vol. 2014, Article ID 687985, 7 pages, 2014.

[24] T. Zhang, R. Tian, C. Wang, and G. Xie, “Path-following con-
trol of fish-like robots: a deep reinforcement learning
approach,” IFAC-PapersOnLine, vol. 53, no. 2, pp. 8163–
8168, 2020.

[25] K. Papadimitriou and S. Savvoulidis, “The effects of two differ-
ent hiit resting protocols on children's swimming efficiency
and performance,” Central European Journal of Sport Sciences
and Medicine, vol. 30, no. 2, pp. 15–24, 2020.

[26] C. Lequiniou, F. G. Schmitt, E. Calzavarini, S. Souissi, and
Y. Huang, “Copepod swimming activity and turbulence inten-
sity: study in the Agiturb turbulence generator system,” The
European Physical Journal Plus, vol. 137, no. 2, pp. 1–14, 2022.

11Wireless Communications and Mobile Computing


	Swimming Movement Guidance Training System Based on OpenCL Technology
	1. Introduction
	2. Research on Pose Detection Method
	2.1. Principle of Pose Solution
	2.1.1. Camera Model
	2.1.2. PnP Problems

	2.2. Camera Calibration Method

	3. Swimming Image Processing Application
	3.1. Analysis of Key Information during Turning
	3.2. Analysis and Research of Image Processing in the Field of Swimming

	4. Analysis and Evaluation of Swimming Movements
	4.1. Application of Image Processing Algorithm in Swimming Detection
	4.1.1. Sobel Operator
	4.1.2. Canny Operator

	4.2. Detection of Key Information
	4.3. Design and Application of Swimming Motion Evaluation Algorithm

	5. Construction of Swimming Guidance System
	5.1. Key Information Detection during Turning
	5.2. Design and Application of Turning Motion Evaluation Algorithm
	5.3. Construction of Turning Motion Guidance System Based on OpenCL Technology
	5.3.1. Hardware Level
	5.3.2. Software Level


	6. Conclusion and Prospect
	6.1. Conclusion
	6.2. Prospect

	Data Availability
	Conflicts of Interest

