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Abstract: With the updating of computer processing capabilities and the deep learning network models,
artificial intelligence technology based on computer software and hardware has developed rapidly. As
a physical carrier of artificial intelligence technology, robots, as a comprehensive technology that
integrates multiple disciplines, have also rapidly developed and applied in multiple fields. Meanwhile,
sports science studies are no longer limited to the study of sports and training, gradually introducing
engineering techniques. This improves the traditional sports moving towards smart sports and increases
the fun of physical education. By consulting literature and materials, this paper reviews the application
of robots in the field of sports and lists some common robot cases. In addition, the robot technology of
different sports projects is analysed and the relative positive significance for each sports project is
explained. Finally, a summary and suggestions for the future trends were provided.
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1. Introduction

A recognized fact is that life lies in healthy exercise. Sports carry the dream of national prosperity
and national rejuvenation, and the self-reliance and self-improvement of technology is an important
strategic support for national development. Currently, the integration, collaboration, and innovation of
sports and technology are accelerating, and digital and intelligent means have become an important part
of promoting national fitness and high-quality development of the sports industry. The effective
combination of artificial intelligence and sports can promote more possibilities [l. Chinese association
for artificial intelligence (CAAI) has a branch organization which is robot culture and art professional
committee. It has become one of the largest academic organizations in China that combines robotics,
artificial intelligence, and cultural arts research. The research areas of the special committee mainly
include the application of robots in industries such as education, sports, art, entertainment, and services,
as well as service robot related directions such as multi-agent robot collaboration and robot emotional
interaction 12,

Robots are carriers of embodied intelligence which represents the latest technology 1. Introduction
robots into sports increase the entertainment value . Consequently, we conduct research on literatures
in recent years and list some robot applications for ball sports. Additionally, other sport robots are
described and analyzed. The researches refer to ball hitting using robot arm, ball detection and
recognition, ball trajectory estimation, athlete detection and behavior prediction, sport injury prevention
and so on.

2. Various Technologies of Robotics in Sports
2.1. Table Tennis Robots in Sports

The robotic table tennis is a research hotspot because of the introduction of imaging processing
technique and robot control theory. These tasks need accurate control of the fast moved robot arm and
precise state estimation of the flying ball. Tebble et.al. [5] designed a robot which used an industrial
KUKA Agilus R900 and four cameras to play table tennis with human beings. Figure 1(a) shows the 6
DOF robot system which combines color and background threshold to predict the ball’s trajectory using
curve fitting and extended Kalman filter. The experimental results indicate that 87% hitting rate is
achieved based on the fifty consequential strokes. Biichler et.al. [6] proposed to employ reinforcement
learning to learn the control skills from data, in addition, they used hybrid sim and real training procedure
to avoid training with real balls. A practically tested scene is shown in figure 1(b), a ballgun launches
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balls directed to the 4 DoF robot arm.

Figure 1: Table tennis robots in sports.

Traditional table tennis robots ignore the spin of the ball that limits the capabilities of the robots.
Gossard et.al. [7] proposed a method which is SpinDOE to estimate the ball spin. They used a CNN dot
detector to generate a dot heatmap, then utilized the blob detection to estimate the dot’s position. The
dot’s ID was generated by using Bayesian geometric hashing. The quaternion of the ball orientation was
achieved through Kabsch algorithm. Figure 1(c) shows the ball spinner which is a designed equipment
to generate the training data. In order to accurately represent the flying state of a table tennis ball, Wang
et.al. proposed a generalized aerodynamic model with variable aerodynamic coefficients !, Sun et.al. [9]
proposed to compute the ball-racket rebounds in the vertical and horizontal directions. They used Kelvin-
Voigt model to analyze the collision dynamics to indicate that the contact time is not relative to the
incoming ball’s velocity. In addition, the restitution coefficient varies based on the incident velocity. Thus,
the accuracy of the ball’s linear and angular velocities will be improved.

2.2. Badminton Robotics in Sports

Another dynamic ball sport that needs high accuracy is badminton. Due to the lightweight of the
shuttle and racket, the agility of badminton sport is essential. Many badminton robots are designed to
play games with human athletes. Mori et.al. [10] designed the pneumatic-electric hybrid actuators to
simulate high speed humanoid robot arm which is shown in figure 2(a). The mechanism and prototype
of the pneumatic-electric hybrid actuators is shown in figure 2(b). This research focuses on the flexibility
and rapid response of the robotic arm part.

The shuttlecock detection is also an important task for a badminton robot that refers to the accuracy
and computational efficiency. When the visual system detects the shuttlecock, a trajectory is fitted and
the ball is hit to the opponent by the moving robot. Cao et.al. [11] proposed a detection approach based
on the deep learning network which is YOLO series model. They firstly capture images by using a ZED
binocular camera, then extract 2D featured points using shuttlecock detector which is a trained neural
network model. Finally, the 3D trajectory of the shuttlecock is estimated utilizing trajectory
reconstruction method. The detected results in different contexts are shown in figure 3(c).
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Figure 2: Badminton robots in sports.

To prevent player injuries, Xie et.al. [12] designed an intelligent badminton training robot which
employes machine learning approach to recognize the movement of the athletes. They improve the
hidden Markov model to achieve a high recognition ratio and enhance the performance of the pitching
motion. Ye et.al. [13] proposed a shuttlecock aerodynamic model to simulate the gravity and air
resistance, then combined the convolution neural network with ordinal processing method to recognize
the shuttlecock. They also improved the single shot multibox detector model (SSD) and achieved a higher
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accuracy than original SSD and the faster region convolutional model (Faster-RCNN).
2.3. Basketball Robots in Sports

As one of the most popular sports in the world, basketball sport has sufficient fun and sportiness.
Some high-tech companies are also participating in related research, for example, the basketball robot
developed by Toyota Motor Company has a high successful shooting rate ['4!5], The basketball robot
named Cue is shown in figure 3(a) and has a humanoid appearance. Zhang et.al. [16] proposed to use a
unified architecture to learn shooting strategies. Firstly, a multi-modal perception system using multi-
head attention is used for a whole perception of the basketball scenario. Then, a deep Q-network based
reinforcement learning approach is used to learn shoot strategies. Finally, an end-to-end architecture
integrates these parts and make decision processes.

(®)

Figure 3: Basketball robots in sports.

A double deep Q-learning network framework is proposed to train the humanoid robot to master shoot
skills in basketball sport '), The simulated environment and task are shown in figure 3(b) where the
robot achieves images from the around and then decides the motion direction. Rochim et.al. [18]
proposed to use parabolic motion trajectory. They utilize Arduino microcontroller to control the
movement of basketball throwing motion. Shi et.al [19] proposed to employ multi-sensor data fusion for
fuzzy dynamic obstacle avoidance. Through data transmission and image processing, the basketball robot
can recognize the target and avoid collisions.

2.4. Football Robots in Sports

Football is one of the most popular ball games in the world, with over 3.5 billion fans worldwide.
This exciting ball game has gained a large following due to its thrilling gameplay and fast-paced
movements. Tian et.al. [20] designed a football goalkeeper robot as shown in figure 4(a). The robot
utilizes an RGB-D camera to capture images that each pixel has depth information along with the color
value. The football is detected and located by using a deep learning model which is modified based on
Yolov3-tiny network !, A fuzzy logic control method is utilized to predict the hitting points and an
improved PID method is employed to prevent the entering crossbar motion.
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Figure 4: Football robots in sports.
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Liu et.al. found that the learning-based methods are useful for complex movement, multi-agent
coordination and long-term planning %21, They trained physically simulated agents to play football in
virtual environment. Zhou et.al. proposed to use deep learning approaches to help strength training for
football players. In addition, the visual detection of field line for football robots is also an interesting
application 3], Haarnoja et.al. utilized deep reinforcement learning model to help a bipedal robot to learn
agile soccer skills ¥, The members are mainly come from Google DeepMind team and some famous
universities. Figure 4(b) shows the simulated and real soccer environment for the soccer robot which has
20 actuated joints. The skills are trained in playing a one-to-one football game in simulated environment
and then transferred to real field.

2.5. Other Robots in Ball Categories Sports

Wang et.al. used a self-attention scheme to process information from different sensors and the
technology is used to control a volleyball robot precisely [>°!. Latifinavid et.al. designed a tennis ball
collection robot which can detect the balls on the ground and then move to collect them using fuzzy logic
algorithm %1, Figure 5(a) shows the hardware modules of the mobile robot and figure 5(b) is the physical
prototype. In fact, there are other ball categories robots which are being researched and designed.
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Figure 5: Tennis ball detection and collection robot.

3. Other Applications of Robots in the Field of Sports

In the 2022 Winter Olympics, we saw that robots can serve, protect, and help people excel in many
aspects of their lives 7). With the rapid development of artificial intelligence, the new technologies are
used in the virtual and real soccer robots. Actually, the robot world cup (RoboCup) was started as early
as the year 1997. From 2018, an Al World Cup has been founded and figure 6(a) shows an Al Soccer
game which is displayed in a simulation [?!]. When the soccer robots are matching with each other, an Al
commentator observes the match and gives real-time commentary. In the meanwhile, an Al reporter gives
a summary article. In addition, the robot news reporter used in sports news or events is not a novelty
anymore [,
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Figure 6: Other robots in sports.

In the robot-aided sports rehabilitation training filed, there are also many researches and applications.
Tsai et.al. designed a lower limb rehabilitation system by using a pneumatic artificial muscle structure
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which had hip joint and knee joint [**). The 2-DOF bionic structure is shown in figure 6(b). As an Olympic
sport, fencing which uses a bladed weapon is popular for young people. To model a fencing robot used
for training, Harfoush et.al. used Kinect camera to capture the motions of fencing athlete and ANN to
make the robot arm intelligent B!, In Pyeongchang Winter Olympics, a Skiing Robot Competition was
held that robots entered into the skiing field. Park et.al. proposed to utilize ZMP control approach and
deep learning vision recognition model to achieve carved turn motion 21,

4. Conclusion and Suggestion

With the development of artificial intelligence, machine learning, computer vision and intelligent
sensors techniques, robotics research is popular in many fields such as sport. The robots act as practice
partners for professional players or competitive team members in sports events. The shape of the robots
may be humanoid, wheeled, flying or with fixed position. Most of the applications are ball sports that the
robots mimic human’s motion and showing intelligence like a human. In the meanwhile, other sports
related robots are designed and applicated.

Consequently, the research and teaching work of sports majors should shift from traditional methods
to an era of interdisciplinary integration. High tech sports equipment and instruments need to be
introduced into physical education and training. These not only enhance more scientific of sports training,
but also increase its fun. Students with interdisciplinary knowledge will open their minds and develop
better in their future career development.
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