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A Data-Driven Assisted Darts Training System based on Skeleton Analysis
and Machine Learning

Zhantao Chen1, Xi Chen 1 and Tiancheng Lu1

1Xiaoping Technology Innovation Lab, Zhongshan Xiaolan Senior High School, Guangdong, 528415, China

ABSTRACT
Previous research on darts was limited to capturing the movements of dart players, and no systematic
auxiliary evaluation of players was established. In this study, a data-driven assisted darts training
system is developed based on kinematic analysis and machine learning. In the �rst part of this study,
the study explores the four factors that a�ect dart scoring. From these four factors, it extends to 12
static features and 6 dynamic features of dart throwing movements, making the evaluation criteria of
dart sports digital and quanti�able. Moreover, this study establishes a GDA model by collecting 1,048
dart throwing data from professional athletes and 1,348 non-professional athletes. The established
GDA model is used to verify the e�ectiveness of 18 dart throwing action features and established a
solid feature foundation. In the second part of the study, based on the analysis of human kinematics,
this study uses machine learning to establish a best dart throwing curve model, so that dart players
have an intuitive learning object for dart movements. Based on the 18 features of the �rst part, the
study establishes a set of athlete recommendation models based on z-score scoring standards, which
can provide personalized and professional guidance programs for athletes. With the help of this system,
athletes can adjust their movements during the training process, thereby enhancing the scienti�c basis
of darts and improving the overall training e�ect.

KEYWORDS
Dart training, Human pose recognition, Dart throwing force assessment, Stability analysis, Release
timing analysis, Trajectory �tting
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1. Introduction

With the implementation of the national �tness strategy [1], sports scienti�c research has received
more and more attention. In recent years, the focus of sports has expanded from traditional physical
training to movement mechanics, technique assessment, and sports injury prevention. The develop-
ment of motion capture and gesture recognition technology has provided valuable tools for these
e�orts[2], allowing sports performance to be recorded and analyzed in a more objective and quanti-
tative way.

Computer-based human movement recognition and analysis systems are increasingly used in sports
training and have been veri�ed by many scholars. Practical applications include motion assistance
systems relying on technologies such as video observation[3], template matching[4] and wearable
sensors[5]. For example, video-based observation methods are widely used in sports training and
rehabilitation, with coaches analyzing slow-motion replays to identify performance details. Although
useful, these methods are limited by subjectivity, reliance on observer experience, and the lack of
standardized evaluation metrics.

Darts, a precision target-based sport, exempli�es the potential of such a system. Darts originated
in medieval England as a military exercise and later evolved into an entertainment and competitive
sport governed by international organizations such as the Professional Darts Corporation (PDC)
and the World Darts Federation (WDF). In China, darts has gained increasing recognition since
it was o�cially included in the national sports program in 1999 and was recently included in the
education curriculum[6]. The establishment of darts associations and school-level training activities
further promoted its development, transforming the sport from leisure and entertainment into an
organized and educational sport.

However, there are two shortcomings in current research on dart sports. The �rst is that the
factors that a�ect dart players’ scores have not been determined from kinematic characteristics, and
the in
uencing factors have been numerically quanti�ed and their validity veri�ed. Second, existing
training methods mainly rely on video observation technology, template matching technology and
wearable technology. These technologies mainly rely on the experience of professional coaches, making
the guidance and suggestions given subjectivity a�ected by humans, and fail to perform personalized
analysis of athletes and establish standard evaluation indicators.

To address these de�ciencies, the objective of this study is to establish a darts player auxiliary
training system that uses data-driven methods based on human kinematics and machine learning. The
objective is divided into two parts. The �rst is to establish a complete set of feature engineering. This
study explores the scoring factors in
uencing darts and provides a complete and accurate analysis of
the sport. Then, key indicator features that can quantify the darts throwing process are established.
These features can re
ect the characteristics of the quality of darts movements and are used for
the establishment of an auxiliary training system for darts players. Secondly, improve the existing
athlete training assistance system and make up for the subjective and empirical problems existing
in the current system. Establish a new type of darts action training improvement method that can
achieve automation, standardization and personalization. This makes the training of darts players
more scienti�c and encourages them to improve their performance.

2. Literature Review

Darts originated in medieval England, where soldiers initially inserted short arrows into wooden boards
of wine barrels for training purposes. Over time, this practice gradually evolved into a recreational
activity. By the end of the 19th century, darts had become an important part of British tavern culture.
In the early 20th century, with the introduction of sisal dartboards and the standardization of the
"1-20" dartboard layout, the rules governing the sport of darts became increasingly formalized. The
establishment of the British Darts Organisation (BDO) in 1973 and the World Darts Federation
(WDF) in 1974 laid the groundwork for the international development of the sport. Since the 1990s,
the rise of the Professional Darts Corporation (PDC) has contributed to the transformation of darts
from a recreational activity into a professional competitive sport[7]. Today, darts is widely practiced
in Europe, North America, Asia, and other regions. With the increasing diversity of sports events
and activities, darts classes have been incorporated into physical education curricula for primary and
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secondary school students[6]. As a result, an increasing number of experts have conducted research
into the biomechanics and techniques of dart throwing.

Huang (2024) et al. used an optical motion capture system to compare the di�erences in throwing
mechanics between professional and intermediate players at di�erent target positions (high, medium
and low targets), and found that intermediate players had signi�cant changes in shoulder internal
rotation speed and elbow rotation speed, while the professional group was relatively stable. In addition,
it was found that when the accuracy requirements were high or when using light darts, the elbow
pronation angle was larger and the wrist palm 
exion velocity was higher[8].Letournel (2025) studied
the use of Xsens wearable IMU system to monitor the opponent, forearm, upper arm and shoulder in
real time, collect data such as angular velocity and acceleration, and analyze the di�erences in action
patterns and performance between the main hand and the non-main hand (lateralized lateralization),
providing empirical support for action control and training intervention[5]. Wolfe (2006) et al. showed
that the proximal carpal arrangement remains relatively stationary in dart movement, forming a stable
support platform; this biomechanical structure is of fundamental signi�cance for understanding the
wrist movement control mechanism.[9]

Predecessors used biomechanical and kinetic analysis methods to point out the key factors in dart
movement. It shows that factors such as hand joint movement trajectory, body stability, and throwing
speed are crucial to throwing performance, which provides a solid theoretical basis for subsequent
research.

However, previous research methods still have certain limitations in dart sports: on the one hand,
in feature engineering, previous research focused on a certain problem in dart sports, and lacked
analysis of interrelations among performance factors and failed to propose a quantitative evaluation
framework. And in terms of data collection, most of them use optical cameras to shoot athletes, and
the data obtained have large errors, making it impossible to obtain accurate data on athletes throwing
darts. There are also studies using human body wearable devices to collect action data from athletes,
but this collection method also a�ects the results of dart players’ throwing.

On the other hand, there are limitations in the methods of darts training and coaching. The �rst is
that traditional dart player training relies on image observation methods. This is done manually by
the darts coach to analyze the darts players, and is greatly a�ected by the experience and ability of the
darts coach. Second, in traditional training methods, the features of movements cannot be quanti�ed,
precise errors can be given, and it cannot intuitively show in which direction the athletes’ movements
need to be adjusted, and how much movement adjustment can achieve a higher score. Usually just
some vague reminder. Third, some studies use template matching for training, but template matching
usually only adapts templates to most people and cannot perform personalized analysis for individuals.

In general, this study was carried out from two aspects: the limitations of dart movement character-
istics and the shortcomings of training methods. The purpose of the research is to build a data-driven
dart player assistance system based on skeleton analysis and machine learning.

3. Methodology

The purpose of this research is to improve the limitations of dart movement characteristics and
training methods, and build a data-driven dart player assistance system based on skeleton analysis
and machine learning. In the �rst part, this study will explore the factors that a�ect dart players’
scores, obtain comprehensive and complete dart characteristics, and establish a feature engineering for
dart sports. And a set of high-precision dart motion data sets were constructed through the kinect2.0
human posture sensor. This data set was used to verify the e�ectiveness of dart features, and also
provided a data basis for the improvement of dart player training methods. In the second part, this
research will use a data-driven approach, combining kinematics and machine learning methods to
construct a set of training methods that can help dart players improve their performance. Among
them, one is to �t the athletes’ personalized optimal dart throwing trajectories, which allows dart
players to match their own movements and target movements, �nd the di�erences between them, and
thereby improve their performance. The second is to use the dart motion characteristics obtained in the
�rst part to analyze the errors in the athletes’ movements through z-scores, and to give personalized
improvement suggestions for these errors, so that the athletes can understand their own shortcomings.
This research will establish an automated, standardized, and personalized training system for athletes,
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thereby providing scienti�c basis and technical support for athlete training. The overall idea of this
research is shown in Figure1.

Figure 1. Methodology Flow Chart

3.1. Factors of Dart-Throwing Accuracy

In the �rst part of the research, it is necessary to determine the scoring factors that a�ect the dart
movement, quantify the scoring factors, and establish feature engineering for the dart movement.
To this end, this study reviewed a large number of literature and materials in related �elds, and
conducted in-depth research based on the practical experience of professional darts coaches. Through
this process, the study summarized several important factors that have a decisive in
uence on throwing
performance, including the three-link kinematic model, the speed of throwing darts, body stability
and action angle.

3.1.1. Three-Link Kinematic Model

The Three-Link Kinematic Model, as shown in Fig.2, is a crucial action model in the darts movement.
In the technical analysis of dart throwing, the throwing arm is often abstracted into a three-link
mechanism to use mechanical kinematics principles to model and explain the movement[10].

Figure 2. The Three-Link Kinematic Model

The three-link kinematic model consists of three parts: the upper arm, forearm and hand. The
shoulder joint is the �xed point, and the elbow joint and wrist joint are two hinges respectively. During
the throwing process, the shoulders are usually relatively stable, serving as a support and reference
point throughout the motion. When the arm swings backward, the elbow joint should remain relatively
�xed to ensure the stability of the throwing action; only when the arm swings forward and the dart
accelerates, the elbow joint will rise with the trend, extending the acceleration path of the dart,
improving the guidance of the action, and thereby improving the accuracy of throwing. Through the
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coordination of the three-link mechanism, the throwing arm can achieve e�cient power transmission,
allowing the dart to obtain stable and controllable speed and direction[11].

Based on the three-link kinematic model theory, the research quanti�es the joint motion of the
throwing arm and selects key motion indicators for time series curve analysis. Speci�cally, it is divided
into shoulder joint, elbow joint and wrist joint. The variation curve of shoulder joint pitch angle
over time re
ects the movement pattern of the shoulder throughout the throwing motion, thereby
validating its role as a proximal stable fulcrum in the three-link system. The curve of the elbow
joint bending angle changing with time reveals the complete dynamic process of the elbow joint from

exion to extension and �nally release, highlighting its power transmission and acceleration function
as an intermediate link. Finally, the curve of the wrist extension angle changing with time is used to
examine whether the wrist is unstable at the moment of release. The reverse control of the wrist helps
to accelerate and control the throwing direction.

3.1.2. Speed of Throwing Darts

In dart throwing, the throwing speed of the player is one of the key factors a�ecting the throwing
e�ect. The entire movement should re
ect the coherence and controllability of rapid delivery. Usually,
from the back swing of the arm to the release, the speed passes through the shoulder joint, elbow
joint and wrist joint in sequence. The shoulder provides the overall driving force as the initial force,
and then the force gradually transitions to the elbow and reaches a peak at the wrist.

This gradual power transmission method helps ensure the stability and coordination of movement,
allowing the dart to obtain the ideal initial speed and direction at the moment of release, thereby
improving the accuracy of throwing. At the moment when the dart takes o�, the rapid "shaking"
or "swinging" of the wrist joint can further give the dart additional acceleration, which not only
increases the speed of the dart, but also enhances the stability of the 
ight process. Especially for
skilled players, correct and e�ective use of the wrist can signi�cantly improve the hit rate of darts.
However, if there is a lack of precise control of wrist movements, it may cause throwing deviations.
Therefore, its training and application need to be individualized and gradual[12].

Based on these theories, this study established a dynamic indicator of the speed versus time curve
and a static indicator of the moment when the dart was released. This helps us learn the force patterns
of accelerating, decelerating, and releasing torque. Fig.3 is the speed versus time curve.

(a) Speed of Throwing Darts for S1 (b) Speed of Throwing Darts for S2

Figure 3. Speed of Throwing Darts.

3.1.3. Body Stability

In the sport of darts throwing, movement stability is a core factor a�ecting performance and perfor-
mance. First of all, from a kinematic perspective, stable joint motion patterns (especially the coor-
dination of shoulders, elbows, and wrists) can ensure the repeatability of hand trajectories, thereby
reducing unnecessary energy loss and improving throwing accuracy[12]. The study found that high-
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level players showed consistent joint angular velocities and trajectories across multiple throws, while
low-level players were more prone to 
uctuations in shoulder and elbow joint control[8].

Based on these theories, this study established a series of quantitative indicators. Including grip
stability, head stability, trunk core stability and footstep stability. Grip stability re
ects whether the
dart remains stable in the hand, and large 
uctuations indicate unstable grip. Head stability evaluates
whether the head remains stable and whether the eyesight moves during the throw. Core stability
measures the stability of the body’s core throughout the throwing process. Finally, foot stability
assesses whether the lower body maintains a correct and stable posture to support overall movement.

3.1.4. The Angle of The Action

During dart throwing, joint angles are an important factor in determining the accuracy and stability of
the throwing. First of all, the angle changes of the shoulders, elbows, wrists and other joints determine
the trajectory of the hands and darts. Studies have shown that high-level throwers can maintain
relatively stable and repeatable angle control during the elbow joint 
exion and wrist dorsi
exion,
thereby achieving a more accurate throwing trajectory[8].

Secondly, the angle selection of the moment of release directly a�ects the speed and direction of the
dart. For example, the extension angle of the elbow joint and the palm 
exion velocity of the wrist
are closely related to the release speed of the dart, and a slight di�erence in the release angle can lead
to a signi�cant deviation of the landing point[12].Therefore, the action angle not only determines the
directionality of the power output, but also a�ects the stability and �nal landing point of the dart

ight.

(a) The the elbow anger of S2 (b) The the elbow anger of S3

Figure 4. The Elbow Joint Angle of The Action.

Finally, action angles also play an important role in di�erent throwing strategies. Expert throwers
often compensate for action timing errors by adjusting the angular acceleration of the elbow and
wrist, thereby maintaining a high hit rate in high frequency throws[13].

Based on these theories, the study de�nes the following quantitative indicators. The instantaneous
shoulder joint pitch angle at release characterizes the elevation of the upper arm, which directly a�ects
the release trajectory of the dart. The instantaneous elbow joint 
exion angle at release re
ects
the degree of extension of the forearm, where excessive or insu�cient values may impair throwing
e�ciency. The instantaneous wrist extension angle at release describes wrist motion at the moment of
release, in
uencing both the release speed and directional control of the dart. The instantaneous trunk
yaw angle around the vertical axis at release evaluates whether the torso rotates in synchrony with
the throwing arm. In addition, the time-varying curve of trunk rotation about the vertical axis serves
as an indicator of core stability and the underlying force generation pattern. The instantaneous angle
between hand speed direction and the target direction at release quanti�es the alignment between
the release motion and the intended target. Finally, the time-varying curve of the hand-to-bullseye
angle assesses whether the throwing trajectory remains accurately aligned with the dartboard center
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or shows deviations.For example, the instantaneous elbow joint 
exion angle at release is shown in
Fig.4

In general, through literature surveys and inquiries of professional dart coaches, this paper summa-
rizes four factors that in
uence dart throwing, and the study establishes 12 static indicators as shown
in Table. 1 and 6 dynamic indicators as shown in Table. 2.

3.2. Methods for Collecting Data.

The study uses Kinect 2.0 human posture recognition sensor and a dart target image acquisition device
as hardware system. In software systems, the study designs based on python program. It can also
synchronize the athlete’s throwing video and dart landing position information, thereby realizing the
linkage analysis of scores and action postures. And a data foundation was established for subsequent
athlete assisted training systems.

3.2.1. Selection of Data Collection Equipment

Kinect is the XBOX360 somatosensory peripheral device o�cially announced by Microsoft on June
2, 2009. Kinect completely subverts the single operation of the game, making the concept of human-
computer interaction more thoroughly. It is a 3D somatosensory camera, and it also imports functions
such as instant dynamic capture, image recognition, microphone input, voice recognition, and com-
munity interaction,as shown in Fig. 5.

Figure 5. Kinect 2.0-based human pose recognition sensor

The Kinect 2.0 sensor integrates multiple hardware modules, including a color camera capable of
capturing 1920� 1080 RGB images, an infrared camera for acquiring video images within its �eld of
view, and a depth camera that analyzes infrared signals to generate depth maps of human subjects
and surrounding objects. Owing to these features, Kinect has been widely applied in research areas
such as medicine, biomechanics, robotics, meteorology, and optical control. In the study, Kinect 2.0
was primarily employed to acquire both high-resolution color images and human joint data, enabling
accurate posture detection and motion analysis of dart athletes.

Kinect has a wide range of applications in the �eld of scienti�c research, covering medicine, biome-
chanics, robotics, meteorological, and optical control. In the study, the study mainly uses kinect2.0
to obtain color image data and human joint node data to realize posture detection of dart athletes.

To obtain dart landing data, the study was con�gured with a 1080p HD camera based on CMOS
sensor. Considering avoiding interference with athlete throwing movements, the camera is installed
under the dart machine for shooting. In order to achieve subsequent image geometric correction, a
9� 6 checkerboard calibration plate was pasted under the dart target to facilitate perspective trans-
formation and precise correction of the target image, as shown in Fig. 6.

3.2.2. Construction of Data Acquisition Software

In terms of the connection between Kinect2.0 hardware and information systems, the study intro-
duced the PyKinect open source library as an intermediate bridge to open up the technical interface
between the sensor layer and the application layer. The software systems is shown in Fig.7. With this
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Figure 6. Dart image acquisition equipment and the data acquisition scene

design, real-time collection, transmission and processing of motion data are realized, which not only
reduces the coupling between hardware and software, but also provides a stable and scalable operating
environment for subsequent data management and analysis.

Figure 7. The Software Systems for Data Collection

3.3. Data Collection and Preprocessing

Data acquisition and preprocessing are a crucial part of scienti�c research, and data is the cornerstone
of arti�cial intelligence research.

During the entire data collection process, our collection objects were students from Zhongshan
Xiaolan Middle School, and they were conducted in the school’s dart training room. We run the
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