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Abstract. In order to meet the accuracy requirements of badminton robot, a bad-
minton flight trajectory location and tracking algorithm based on particle filter is
proposed. Collect badminton flight images for morphological and filtering pro-
cessing. Using image features and matching to detect badminton flying targets.
Predict the flight trajectory of a badminton ball considering its force situation.
Using particle filter algorithm to determine the flight position of badminton, and
through real-time updates, achieve the positioning and tracking of badmintonflight
trajectory. The experimental results show that the trajectory positioning and length
tracking errors of the designed algorithm are 4.12 m and 0.13 m, respectively. The
tracking update delay is only 7.6 s, and the tracking success rate is as high as 97%.
The design method effectively solves the problems of large trajectory positioning
tracking errors, low stability, and efficiency.
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1 Introduction

With the improvement of people’s living standards, sports have been integrated into
people’s daily life. Among them, badminton is a sport suitable for all ages. In order
to capture the dynamic path of badminton quickly and accurately, a badminton robot
needs to be designed to track the high-speed badminton in real time. Target tracking
can be defined as the process of obtaining the motion state information of the target
continuously in the video sequence [1] based on the prior template information of the
known target. Target tracking is a challenging technical difficulty in the field of computer
vision. Target tracking technology is closely related to target detection and recognition
technology. Generally, in practical engineering applications, it is necessary to detect
the target of interest first, and then switch to automatic tracking mode after accurately
capturing the target. During the tracking process, it constantly analyzes the information
such as target shape, scale, and motion rules, and evaluates, classifies, and recognizes
the target attributes. Target tracking technology plays an important role in both military
and civilian fields.
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After a long time of research, the current track location and tracking algorithm
development is more mature, including: track location and tracking algorithm based on
multi-sensor, track location and tracking algorithm based on dynamic Snake model, and
track location and tracking algorithm based on network computing. The track location
and tracking algorithm based on multi-sensor uses mobile robots as tracking targets,
According to its kinematic model, analyze the key parameters of motion control in the
trajectory tracking process, collect and fuse multi-sensor data, process the signals of
each sensor respectively, and fuse the angle information on this basis, so as to reduce the
positioning error. The fuzzy control method is studied to realize the application of fuzzy
control in the trajectory tracking of mobile robots, and good positioning and tracking
results are obtained. The track location and tracking algorithm based on dynamic Snake
model combinesKLToptical flowmethod, selects the strong feature points in the contour
points obtained in the current frame to estimate the optical flow, takes the estimation
result as the initial contour of the next frameSnake, and determines the target location and
tracking results according to the contour features of the target. However, the above flight
path location and tracking algorithm is still very complex and faces many challenges in
the actual operation process, including: the information loss caused by the projection
from the three-dimensional world to the two-dimensional image plane makes tracking
difficult; Noise in the image itself; Tracking the light changes in the scene, mutual
occlusion between objects, etc. Applying the traditional location and tracking algorithm
to the location and tracking of badminton flight trajectory, there is an obvious problem
of large location and tracking errors. Therefore, particle filter algorithm is introduced.

The so-called particle filter is to find a group of Random sample To approximate
probability density function, using Sample mean Instead of integral operation system
state Of Minimum variance estimation These samples are vividly called “particles”,
so they are called particle filtering. The idea of particle filter is based on Monte Carlo
method, which uses particle set to represent probability, and can be used in any form
of state space model. Its core idea is to learn from Posterior probability It is a sequen-
tial importance sampling method to express the distribution of random state particles
extracted from. The particle filter algorithm is used to optimize the location and tracking
algorithm of badminton flight trajectory, in order to improve the location and tracking
accuracy of badminton flight trajectory. Based on the above analysis, this article pro-
poses a badminton flight trajectory localization and tracking algorithm based on particle
filtering. Collect badminton flight images, preprocess the initial flight images through
morphology andfiltering to obtain the correctmoving target. By using image features and
matching, detect badminton flying targets, consider the force on the badminton, and pre-
dict the badminton flight trajectory. Using particle filter algorithm to determine the flight
position of badminton, real-time updates are used to achieve badminton flight trajectory
positioning and tracking, thereby improving the positioning and tracking accuracy of
badminton flight trajectory.
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2 Design of Badminton Flight Trajectory Location and Tracking
Algorithm

2.1 Collecting Badminton Flight Images

Through stereo vision to identify and track badminton, reconstruct the three-dimensional
information of badminton in the badminton court. This requires the visual system to
cover the court completely and without blocking. At the same time, in order to find
badminton earlier, the visual height is generally higher than the net height. The fixed
focus industrial camera is selected as the stereo vision equipment. The measurement
accuracy of the stereo vision equipment in the Z-axis direction is required to be:

cZ = h2

doptic axis ∗ f
Wxy (1)

Among them, h is the depth of field, doptic axis and f are the optical axis distance
and camera focal length,Wxy is the pixel size of the visual device [2]. The measurement
accuracy cX and cY of stereo vision equipment in the X-axis and Y-axis directions are:

cX = cY = h

f
Wxy (2)

According to Formula 1 and Formula 2, the measurement error in the depth direction
is proportional to the square of the measurement distance, and the measurement error
in the X and Y directions is proportional to the measurement distance. Use the stereo
vision equipment that meets the accuracy requirements to obtain the acquisition results
of badminton flight images according to the representation principle in Fig. 1.

Fig. 1. Schematic diagram of badminton flight image acquisition

In order to avoid measurement distortion caused by wide-angle lens distortion dur-
ing badminton flight image acquisition, a 100° field of view lens is selected. Set the
image acquisition frequency, and get the image acquisition results at any time during
the badminton flight.
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2.2 Initial Badminton Flight Image Pre-processing

Generally, because the camera has shifted or rotated, the image background in the image
sequence will produce motion, and the motion of the background will lead to the change
of the coordinate system where the target is located. A series of operations against
the target will produce errors, resulting in the final failure to obtain the moving target
correctly. When this happens, in order to obtain the moving target in the image sequence
using the frame difference method and other methods, it is necessary to first register
the image sequence and convert it to the same coordinate system. This method is called
global motion compensation [3, 4]. The essence of global motion compensation is to
find the corresponding relationship between two adjacent images, and then convert the
two images to the same coordinate system through this relationship. The main steps
of the algorithm are described as follows: first, find the corresponding feature points
in the two images, and then obtain the geometric transformation model between their
position coordinates according to the position information of the two feature points in
their respective images, so that other pixel points in the two images can be transformed
into the same coordinate system through this transformation model, Then the image on
the moving background can be further processed as the image on the fixed background.
Morphological filtering uses the information of the image contained in the structure
element to carry out logical operations on the corresponding area pixels, obtain new
pixels after filtering, and constantly update the pixels in the image to achieve the purpose
of changing the overall structure of the image. The morphological filtering processing
results of the initial badminton flight image can be expressed as:{

A � B = {
zcorrosion

∣∣(B)zcorrosion ⊆ A
}

A ⊕ B = {
zexpansion

∣∣(B)zexpansion ∩ A �= ∅} (3)

In the above formula, A and B they respectively represent the badminton flight image
and structural elements initially collected, zcorrosion and zexpansion corresponds to the
results of image erosion and expansion processing. (B)zcorrosion and (B)zexpansion are the
corrosion and expansion treatment results of structural elements, respectively. Due to
jitter, external light, wind and other factors in the image acquisition process, there will be
some noise in the image generation process,whichwill reduce the image quality and have
a negative impact on the further processing of later images. Therefore, image filtering
algorithm is often used for image denoising. In order to ensure the image preprocessing
effect, the processingmethod of combiningmean filtering, Gaussian filtering andmedian
filtering is adopted. The mean filtering is to replace the pixel value of each pixel in the
local neighborhood of the original image with the mean value of all pixel values in the
neighborhood. The process of mean filtering IMean filtering(x, y) can be quantified as:

IMean filtering(x, y) = 1

m

∑
I(x, y) (4)

Among them,m refers to the number of pixels in the badminton flight image, I(x, y)
represents the flying image of badminton. In addition, the basic principle of Gaussian
filtering is that the weight value is selected according to the shape of the Gaussian
function, and themedian filtering is to assign the pixel value of the original image through
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the processing of the template [5]. The process of Gaussian filtering IGaussian filter(x, y)
and median filtering Imedian filtering(x, y) is as follows:⎧⎪⎨

⎪⎩
IGaussian filter(x, y) = 1

2πχ2 exp
−I(x+y)2

2χ2

Imedian filtering(x, y) = med
{
I(x − mx, y − my)

} (5)

In Formula 5, χ2 is the variance of image pixels, mx and my respectively represents
the number of pixels in the horizontal and vertical directions of the badminton flight
image, med{} is the median calculation function. Repeat the above operations, filter all
the pixels in the collected badminton flight images, and obtain the preprocessing results
of the initial badminton flight images.

2.3 Detection of Badminton Flying Targets

The detection principle of badminton flying target is: according to the characteristics
of badminton flying environment, realize the separation of foreground and background,
and extract the features of foreground image. Through thematching of foreground image
features and badminton features, determine whether there are badminton flying targets
in the current image, and then obtain the detection results of badminton flying targets.
Figure 2 shows the basic detection process of badminton flying targets.

Fig. 2. Flow chart of badminton flying target detection
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Let two single channel gray images of the same size for difference operation be
I1(x, y) and I2(x, y), the image after difference operation is Iprospect(x, y), we can get:

Iprospect(x, y) = |I2(x, y) − I1(x, y)| (6)

It can be seen from Formula 6 that the target can be enhanced by calculating the
absolute value of the pixel difference at the corresponding position of the two images.
There are light, wind and other interferences in the external environment, resulting
in a lot of noise in the real scene. Therefore, in order to obtain a stable background,
background modeling [6] is required. Mathematically, it can be realized through a single
Gaussian model, in which the iterative process of the mean and covariance of image
pixels represented by the model is:{

μt+1 = (1 − ω)μtωIt
At+1 = (1 − ω)At + ω(It − μt)

(7)

Among them, ω is the experience threshold, At and At+1 are t and t + 1 covariance
matrix of time, μt and μt+1 are the pixel mean values of the badminton flight images
at time t and t + 1, respectively. The background part of the image can be obtained by
Formula 7, and the image difference can be performedbyFormula 6 to realize the division
of foreground and background. On this basis, color, contour, texture, gradient and other
features are extracted from the foreground image in the image, and color features and
gradient direction features are fused to generate a comprehensive histogram feature.
The color histogram feature has little change in the case of plane rotation and partial
occlusion, which is suitable for describing the target and is widely used. In order to
reduce the influence of light changes during tracking, HSV color space [7, 8] is used.
The kernel function representing spatial information is used to calculate the weighted
histogram, which improves the robustness of the color histogram to describe the target
features; The edge area may contain background, with small contribution and small
weight allocation. Each channel of H and S components is assigned a quantization level
of 8. Assume that the target state is (i, j) is the center, r is the radius, and the position of
the pixel in the target area is Xi, then the normalized color histogram in the target area
is:

Qcolour =

m∑
i=1

XifWeight
(∥∥ 1

r

∥∥)
fdelta[ϕ(Xi) − λ]

m∑
i=1

XifWeight
(∥∥ 1

r

∥∥) (8)

Among them, fWeight() and fdelta() are weight kernel function and delta function
respectively, ϕ() represents the image of the color level index on the histogram, λ is
the index of the color level in the histogram. Similarly, the extraction results of contour
features, texture features, and gradient features can be obtained. Finally, the feature
extraction results are fused andmarked asQ.Match the image foreground image features
with badminton standard features, and the matching results are as follows:
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s = Q(t) · Qbadminton

‖Q(t)‖ · ‖Qbadminton‖ (9)

Among them,Qbadminton is a standard feature of badminton,Q(t) express t the feature
extraction results [9] of badminton flight images were collected at all times. If the result
of Formula 9 is higher than the threshold s0, indicating that there is a badminton flying
target in the current image, otherwise it is considered that there is no tracking target in
the current image.

2.4 Predetermine Badminton Flight Path

Through the analysis of the real-time force on badminton, the basic trend of badminton
flight trajectory is judged, and the prediction results of badminton flight trajectory are
obtained. Figure 3 shows the stress of badminton in flight.

Fig. 3. Schematic diagram of force analysis of flying badminton

Badminton is mainly affected by aerodynamics and gravity during flight. Gravity
is always vertically downward. Aerodynamics can be divided into three components,
including the resistance along the badminton flight path, the lift that prevents the bad-
minton from falling, and the lateral force that makes the badminton track yaw sideways
[10]. The aerodynamic force on the badminton is in direct proportion to the maximum
cross-sectional area of the badminton and the incoming flow pressure. The following
three equations can be obtained:⎧⎨

⎩
X = κresistanceP · S
Y = κliftP · S
Z = κlateral forceP · S

(10)

Among them, κresistance, κlift and κlateral force represent drag coefficient, lift coefficient
and lateral force coefficient respectively, and the above coefficients are dimensionless
proportional coefficients. P represents the actual flow pressure, S represents the max-
imum cross-sectional area of badminton. When the badminton flies at a certain initial
speed in the air, the badminton will hit the air, and the air will make the badminton
blades converge to the axis, and part of the air will also be compressed, so that the air



Badminton Flight Trajectory Location and Tracking Algorithm 335

pressure at the front end of the badminton cork will increase, and the air will produce a
force opposite to themovement direction of the badminton, which is called air resistance.
Generally speaking, badminton can be divided into two parts, the front part composed of
cork, which gathers most of the weight of the badminton and the skirt part composed of
16 pieces of fur. The weight is light, but it will produce air resistance during flight. Based
on this mass arrangement, the gravity gravity center of the badminton should be located
at the head of the badminton. The badminton skirt forms a large wind resistance plane
in the badminton flight direction. Compared with the ball holder, it will suffer greater air
resistance, so the force application point of air resistance is concentrated at the tail of the
badminton. Considering the force characteristics of badminton, the prediction results of
badminton flight trajectory are obtained.

2.5 Using Particle Filter Algorithm to Determine Badminton Flight Position

Combined with the prediction results of badminton flight trajectory, the accurate flight
position of badminton in the image is determined using particle filter algorithm. Figure 4
shows the operation principle of particle filter algorithm.

Fig. 4. Schematic diagram of particle filter algorithm

Following the principle shown in Fig. 4, the particle filter algorithm is executed
through the steps shown in Fig. 5.

In the actual badminton flight positioning process, first initialize the particles in the
badminton flight environment, and get the initial probability density distribution nparticle
particle set of points, initialize all particle weights to:

�0 = 1

nparticle
(11)

At time k, the dynamic model of object motion is used to predict the particle state
at time k and generate the particle set at time k [11]. Formula 12 is used to update the
weight of each particle in the particle set at time k:

�k = �0ρ
(
xik

)
(12)
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Fig. 5. Operation flow chart of particle filter algorithm

Among them, ρ() represents the probability density distribution of particles, xik
represents the state variable of the particle at time k. The effective sampling scale is
defined as:

Leff = 1
nparticle∑
k=1

�k

(13)

If Leff is less than the threshold value, resampling will be performed. In the process
of iteration, the weight of some particles will become smaller and smaller. These par-
ticles do not help state estimation much. Instead, they will occupy a lot of computing
resources. Therefore, it is necessary to evaluate the weight of all particles to resam-
ple particles. That is, the particles with large weight value are copied and the particles
with small weight value are reduced, and the small weight particles are replaced by
the new sample sequence with the same weight value. Because the residual resampling
algorithm has relatively high calculation efficiency and small calculation variance, the
residual resampling algorithm [12] is adopted. Repeat the above operations to obtain the
global optimal solution at the current time. After the iteration conditions are met, the
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output particle filter result is the positioning result of the badminton flight path, marked
as (u(t), v(t)).

2.6 Realize Badminton Flight Track Positioning and Tracking

According to the above method, the badminton flight track positioning results at each
time are fused to obtain the positioning and tracking results of the badminton flight track.
The tracking results can be quantified as:

G =
T∑
t=1

(u(t), v(t)) (14)

Among them, T is the flight time of badminton. Finally, the positioning and tracking
results of badminton flight trajectory are visualized and marked with real-time flight
trajectory position information to complete the positioning and tracking of badminton
trajectory.

3 Experimental Analysis of Track Location and Tracking
Performance Test

For the purpose of verifying the trajectory location and tracking accuracy of the bad-
minton flight trajectory location and tracking algorithm based on particle filter, a per-
formance test experiment was designed by combining white box and comparison. The
basic principle of this experiment is to install a micro position sensor on the badminton
equipment to be located and tracked, obtain the actual value of the real-time position
of the badminton, and use this as the comparison standard to judge the accuracy of the
location and tracking results of the badminton flight trajectory based on particle filter. In
the process of badminton flight, start the location tracking algorithm of optimal design,
get the corresponding output results, comparewith the actual values obtained, and get the
test results that reflect the tracking accuracy of the optimal design algorithm. The princi-
ple of comparative testing is to compare the accuracy test results of the design algorithm
with the accuracy performance of the traditional algorithm, reflecting the advantages of
the design method in performance.

3.1 Choose Badminton and Its Flight Environment

In this experiment, the standard badminton is selected as the target of location and
tracking. The length of the standard badminton is between 64 mm and 70 mm. For
the same badminton, all the hair pieces are the same length. The top opening of the
badminton is arranged in a circular pattern, and the opening diameter is between 58 mm
and 68 mm. The smaller the diameter of the badminton, the smaller the flight resistance
in the air, the farther the flight distance, and the heavier the ball head will produce the
same situation, and vice versa. The badminton feather flying at high speed in the air
will be subjected to lateral force, which will lead to the spin of the badminton. The
faster the spin speed is, the slower the flight speed of the badminton will be. On the
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contrary, the faster the flight speed of the badminton will be. Generally, it is better to
keep the spin speed at 370–400 rpm. The standard badminton court is selected as the
flight environment of badminton, as shown in Fig. 6.

Fig. 6. Actual View of Badminton Flight Field

The standard badminton court is arranged in a rectangle. The sidelines of the court are
drawn with white paint with a width of 40 mm. The sidelines are divided into singles and
doubles. The width of the singles sideline is 5.18 m, the length is 13.40 m, and the width
of the doubles sideline is 6.10 m, the length is 13.40 m. The middle height of the court is
1.524 m. The court is divided into two halves. Players from both sides hit the ball in two
halves of the net. According to the regulations of international competitions, the height
of the standard badminton court should be at least 9 m. There should be no interfering
objects in the entire three-dimensional space where the badminton court is located, so as
to ensure that the feather apparatus can fly in the air without interference. The color of
the court wall should be dark, and there should be no reflectors or reflective surfaces, so
as to avoid interference to athletes. Thewind speed in the court should not be greater than
0.2 m/s. Before the experiment, a micro position sensor with a weight of no more than
1g shall be embedded inside the badminton court, and the real-time collected data of the
sensor shall be transmitted to the host computer by using the wireless communication
network covered inside the badminton court.

3.2 Configure the Flight Path Location and Tracking Algorithm Operating
Environment

In order to make the platform and experimental data more accurate, the Intel model
i74790 central processor with better hardware facilities is selected. The size of the
memory card is 8GB,which can store the data to be used. The hard disk requirements are
relatively high, and 36GBcanbe selected to avoid insufficientmemory. The network card
is set within the range of 1000mb/s. In order to realize the visual output andmeasurement
of the badminton flight track positioning and tracking results, SONY FCB-EX480CP
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series new high pixel DSP integrated color analog camera is adopted. It has super light
sensitivity and intelligent automatic night vision function, and can remotely set all camera
parameters without manual operation, The camera image parameters can be adjusted in
time according to the effect of the monitor image to present the image optimization.
The minimum illumination of the camera is color 0.7 lx, and the power consumption
range is [1.5 W, 2.5 W]. The MV-200 industrial image acquisition card is used as the
image acquisition card. This industrial image acquisition card can capture high-precision
images in real time,with stable hardware structure design and underlying functions, good
hardware compatibility, and canwork stably and reliably in a harshworking environment.
MV-200 industrial image acquisition card can capture images with high definition, high
resolution and high fidelity. In terms of software environment, software development
is carried out under the Windows operating system, and the integrated development
environment is Visual Studio 2013.

3.3 Input Operation Parameters of Particle Filter Algorithm

In order to meet the call requirements of the badminton flight path location and tracking
algorithm to the particle filter algorithm in the running process, the relevant operation
coefficient of the particle filter algorithm is set. Set the total number of initial particles
to 200, the movement time to 15 s, and assume that one action is taken every second. In
addition, the size of the sports field is consistent with the size of the badminton flight
field selected.

3.4 Describe the Performance Test Process

This experiment was conducted in the singles scene, and the number of target shut-
tlecocks tracked in the scene was 1. Athletes with more than 3 years of badminton
experience were selected as the athletes for this experiment to ensure that the three
movements of high distance ball, flat shot and pick ball were completed in badminton.
With the support of sensors, the actual position information of badminton was obtained,
as shown in Table 1.

Take the data in Table 1 as the actual position data of badminton flight track. In the
configured experimental environment, the optimized badminton flight path location and
tracking algorithm based on particle filter is converted into program code that can be run
directly by the computer by using development tools, and the set running parameters
of particle filter algorithm are input into it. Start the positioning and tracking procedure
before the start of badmintonmovement, andget the correspondingflight path positioning
and tracking results with the badminton movement, as shown in Fig. 7.

Therefore, the tracking position information of badminton flight track at any time
can be obtained. In order to reflect the performance advantages of the design algorithm,
the traditional track location and tracking algorithm based on multi-sensor and the track
location and tracking algorithm based on dynamic Snakemodel are set as the experimen-
tal comparison algorithm. The development and operation of the comparison algorithm
are completed according to the above process, and the corresponding flight track location
and tracking results are obtained.
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Table 1. Information of actual position of badminton flight track

Time/s Lob Flat shot Pick the ball

x y x y x y

1 10 1.6 10 1.1 10 0.6

2 15 1.8 15 1.1 10 0.8

3 20 2.0 20 1.1 12 1.0

4 25 2.2 25 1.1 15 1.6

5 30 2.5 30 1.1 20 1.7

6 35 2.3 35 1.2 25 1.8

7 40 2.2 40 1.2 30 1.9

8 45 2.0 45 1.1 35 2.0

9 50 1.8 50 1.1 40 2.2

10 55 1.6 55 1.1 45 2.4

3.5 Setting Performance Test Indicators for Track Positioning and Tracking

According to the purpose of the experiment, the tracking performance of the algorithm
is reflected from the tracking accuracy and tracking timeliness of the track location. The
test indicators of the tracking accuracy are tracking error and track length error. The
numerical results are as follows:

ε =
texperiment∑

t=1

∣∣xtrack(t) − xreality(t)
∣∣ + ∣∣ytrack(t) − yreality(t)

∣∣ (15)

In the above formula, (xtrack(t), ytrack(t)) and
(
xreality(t), yreality(t)

)
represent the bad-

minton position tracking result and actual position coordinates respectively. The test
results of badminton flight path length tracking error are as follows:

εl = ∣∣ltrack − lreality
∣∣ (16)

Among them, ltrack and lreality are the tracking value and the actual value of the
badminton flight path length. In addition, the test index of track tracking timeliness is
tracking update delay, and its numerical result is:

�t = tout − tsense (17)

where, tout indicates the output time of badminton flight track positioning and tracking
results, tsense the time of data generation is sensed by the built-in sensor for badminton.
Finally, the smaller the tracking error and track length error are, which proves that the
higher the tracking accuracy of the corresponding algorithm is, the smaller the tracking
update delay is, which indicates that the better the track tracking timeliness is.
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Fig. 7. Badminton Flight Path Positioning and Tracking Results

3.6 Performance Test Results and Analysis

Through the statistics of relevant data and the calculation of Formula 15, the test results
of badminton flight track positioning and tracking error are obtained, as shown in Fig. 8.

It can be seen intuitively from Fig. 8 that the tracking error of the optimized design
algorithm is smaller than that of the traditional positioning and tracking algorithm.
Because the design method collects badminton flight images and preprocesses the initial
flight images through morphology and filtering, effectively reducing the positioning and
tracking error of badminton flight trajectory. In addition, the test results of track length
error are shown in Table 2.
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Fig. 8. Test results of badminton flight trajectory positioning and tracking errors using different
methods

Table 2. Test Data Table for Length Error of Badminton Flight Trajectory by Different Methods

Experiment No Actual length of
badminton flight
path/m

Multi sensor
based track
location and
tracking
algorithm output
track length/m

Track location
and tracking
algorithm based
on dynamic
Snake model
output track
length/m

Badminton flight
trajectory location
and tracking
algorithm based
on particle filter
output trajectory
length/m

1 62.4 62.9 62.0 62.3

2 56.2 56.9 56.8 56.0

3 66.7 65.8 66.2 66.5

4 61.8 61.2 61.4 61.7

5 56.8 56.0 56.3 56.7

6 66.5 65.7 66.1 66.4

By substituting the data in Table 2 into Formula 16, it is calculated that the average
track length tracking error of the two comparison algorithms is 0.72 m and 0.47 m
respectively, and the average track length tracking error of the badminton flight track
location and tracking algorithm based on particle filter is 0.13 m. In addition, the test
results of track tracking timeliness are obtained through the calculation of Formula 17,
as shown in Fig. 9.

As can be seen from Fig. 9, the average tracking update delay of the two comparison
algorithms is 16.8 s and 17.2 s respectively, while the average tracking update delay of the
badminton flight path location and tracking algorithm based on particle filter optimized
design is 7.6 s.
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Fig. 9. Comparison results of time-effectiveness testing for badminton flight trajectory position-
ing and tracking using different methods

In order to verify the stability of badminton flight trajectory positioning and tracking
in the design method, the success rate of tracking is used as an evaluation indicator.
The higher the value, the higher the stability of badminton flight trajectory positioning
and tracking in the method. Three methods were used for comparison, and the success
rates of badminton flight trajectory localization and tracking using different methods are
shown in Table 3.

Table 3. Success rate of badminton flight trajectory localization and tracking using different
methods

Experiment No Tracking success rate of
trajectory positioning
and tracking algorithm
based on multiple
sensors/%

Tracking success rate of
trajectory positioning
and tracking algorithm
based on dynamic Snake
model/%

Tracking success rate of
badminton flight
trajectory localization
and tracking algorithm
based on particle
filter/%

1 92.0 89.3 98.9

2 91.8 87.0 96.7

3 90.2 86.5 95.8

4 91.4 88.7 97.2

5 92.3 86.7 96.5

According to Table 3, when the experimental number is 5, the tracking success rates
of the multi-sensor based trajectory positioning and tracking algorithm and the dynamic
Snake model based trajectory positioning and tracking algorithm are 91.5% and 87.6%,
respectively. The tracking success rate of the badminton flight trajectory localization
and tracking algorithm based on particle filtering is as high as 97%. From this, it can be
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seen that the particle filter based badminton flight trajectory localization and tracking
algorithm has high stability.

4 Conclusion

With the development of computer image processing technology and the advent of
camera timely return visit system, visual tracking and detection technology has become
increasingly mature, making target tracking and monitoring not only applied to artificial
intelligence and other fields, but also launched a new chapter in sports. In sports, for
the detection of balls, especially for the sphere moving in the air, because of its fast
motion speed, ordinary cameras can not track its motion state in real time for the rapid
movement of the sphere, and the image capture during the movement of the sphere will
also have drag. The optimized badmintonflight trajectory location and tracking algorithm
based on particle filter effectively solves the problems existing in the traditional tracking
algorithm, and realizes the accurate location and tracking of badminton flight trajectory.
The experimental results show that the optimizeddesign algorithmhasgoodeffectiveness
and feasibility.
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