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ABSTRACT

In this paper, we designed and implemented IoT sensors based badminton motion analysis and training system that can be readily 

used by badminton players with PC. Unlike the traditional badminton training system which uses signals of the flags by coach, the 

proposed electronic training system used IoT sensors to automatically detect and analysis the motions for badminton players. The 

proposed badminton motion analysis and training system has the advantage with low power, because it communicates with the 

program through BLE communication. The badminton motion analysis system automatically measures the training time according to the 

player's movement, so it is possible to collect objective result data with less errors than the conventional flag signal based method 

by coach. In this paper, training data of 5 athletes were collected and it provides the feedback function through the visualization of 

each section of the training results by the players which can enable the effective training. For the weakness section of each player, 

the coach and the player can selectively and repeatedly perform the training function with the proposed training system. Based on 

this, it is possible to perform the repeated training on weakness sections and they can improve the response speed for these sections. 

Continuous research is expected to be able to compare more various players' agility and physical fitness.

☞ keyword : Badminton Training, Motion Analysis System, IoT Sensor, Agility Test, U-Art Communication

1. Introduction

Badminton players basically require high agility and 

cardiopulmonary endurance. The common measures of 

agility, side-step or round-trip running, are not suitable to 

accurately measure the agility required for badminton. 

Generally, badminton players generally move very fast. In 

addition, for the precise agility measurement of badminton 

player, a plurality of moving target points must be arranged, 
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and the target point must be pointed at random. 

Unfortunately, there is currently no automatic system that can 

accurately measure such badminton agility. The conventional 

badminton agility training method is to set up 8 flags and to 

make a round trip according to the coach's instructions. In 

this training method, the coach judges the swing by looking 

directly at the eye and measures the time with the stopwatch. 

Therefore, it is difficult to maintain the reliability of test due 

to a subjective inspection. In this paper, we aim to measure 

objective and precise badminton agility by applying the latest 

IoT(Internet of Things) techniques. In Section 2, we describe 

the related researches to agility measurement. Section 3 

presents the design of proposed system, section 4 introduces 

the results of proposed system and the experimental 

environment and results. Section 5 describes conclusions and 

future research. 

2. Related Work

Agility is considered to be one of most critical factors that 

players must have in various sports[1-2]. Agility in 

badminton is an important factor in reaching the shuttlecock 

through accurate footwork. The agility training method used 

in soccer, rugby, or football is to move repeatedly in a 
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(Figure 1) Traditional Badminton Training System

(Figure 2) The Proposed Badminton Motion Analysis 

and Training System

(Figure 3) The Implemented Controller

straight line, or touch a cone placed on the floor. However, 

in badminton, it is not possible to improve the speed of the 

reaction by only repeating the agility training for the short 

interval. Therefore, in addition to the above-mentioned 

methods, the traditional agility training method in the 

badminton repeatedly rounds the badminton court and then 

measures the agility through the round trip time to specific 

locations. However, this method can cause errors because the 

coach measures very short time through stopwatch, so it is 

difficult to evaluate it accurately. 

In general, the procedures used to measure the physical 

fitness and agility of badminton players are as follows. First, 

the player is in the center of the badminton court. The flags 

are set on eight directions such as east, west, south, north 

and each diagonal direction on the basis of the player, and 

the order of the target flag is randomly called by the coach. 

The player is in the center and quickly rushes and touches 

to the position of the flag which is called by the coach and 

then returns to the center. At this time, the coach measures 

the round trip time through the stopwatch and records the 

agility and physical fitness of the player. This traditional 

training method measures the changes in velocity and thus 

helps to know the instantaneous reaction rates. However, it 

is difficult to improve the direct cognitive ability of the 

player and to improve the decision about the motion[3-5].

3. Badminton Motion Analysis 

and Training System

3.1 Design of Badminton Motion Analysis 

and training System

The proposed badminton motion analysis and training 

system is designed by base on the traditional training procedure 

and utilizes the recent IoT technology to automatically detect 

the correct motion of player. The hardware of proposed system 

consists of two parts, a controller and a training system. The 

training system consists of eight sensors with aluminum poles. 

The eight aluminum poles are located in the east, west, south, 

north, and diagonals of the player. Each aluminum pole with 

sensor which consists of an IR (Infrared) sensor, a BLE 

communication module, an LED (Light Emitting Diode)  

module, and detachable battery pack is installed to use the 

power.

An IR sensor is attached to the top and bottom of each 

aluminum pole to determine the swings of player. The LED 

module is covered with an opaque cover to prevent the light 

from leaking to increase the visibility. Each pole transmits 

the status of IR sensor and LED module to the controller 

through BLE communication. The controller consists of a 

BLE communication module and a USB terminal that 

connects to the PC[6-7].

The BLE communication module receives the sensor data 

which are broadcasted from eight poles and sends commands 

to each pole from the PC. The USB terminal is connected 

to the PC and can transmit or receive data through the serial 

communication.
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(Figure 4) Communication Flow of the Proposed 

Motion Analysis and Training System

(Figure 5) The Flow of Time Measurement of 

Swing Reaction

3.2 Serial Communication Protocol

The real-time communication protocol which has the 

constant transmission and delay time for communication 

between the sensor pole and main controller is specified as 

follows[8-14].

(Table 1) Communication Protocol of Data Frame

STX Data0 Data1 BCC ETX

0x02 * * * 0x03

(Table 2) Communication Frame(Controller to PC)

　 Data0 Data1

Bit7 F1 P1

Bit6 F2 P2

Bit5 F3 Dummy = 0

Bit4 B1 Dummy = 0

Bit3 B2 Dummy = 0

Bit2 B3 Dummy = 0

Bit1 M1 Dummy = 0

Bit0 M2 Dummy = 0

Table 1 and Table 2 show the communication protocol of 

the proposed system. The controller scans the data of 8 

sensors every 10 ms through BLE communication and 

continuously transmits the current state to the connected PC 

through serial communication. The PC can turn on the LED 

light of desired pole through the data communication 

protocol in the Table 1. 

The data frame includes STX (Start of Text) indicating 

the start of the frame, 10 bytes containing information of 

each sensor, BCC (Block Check Character) for detecting and 

correcting errors, and ETX (End of Text) indicating the start 

of the frame. The start of communication begins by sending 

a signal to turn on the LED from the PC to the controller and 

the data defined in Table 1 is transmitted every 10 ms until the 

serial communication is terminated by the PC. Figure 4 shows 

the communication flow of the proposed training system.

3.3 Reaction Time Measurement

The proposed training system measures the reaction time 

of player through the flow as shown in Fig 5. The player 

must be in the center of court to start the proposed motion 

analysis and training system, and the LED light is randomly 

on from the one of eight poles and the time measurement is 

started. When the swing data is received to PC from the 

corresponding sensor of pole, the time measurement of swing 

reaction is finished and the LED light is turned off.

In order to increase the efficiency of the Badminton 

training, the proposed system measures the time taken to 

return from each pole to the central position and the time 

taken to return from each zone(top-bottom and left-right 

zone) to the central position. The time taken for each pole 

is divided into two parts: the time taken for moving from 

center to the pole where the LED light is on and swing and 

the time taken for returning to the center after the LED is 

turned off. These two times are added together to calculate 

and stored as the final time taken for each pole. The sections 

of proposed training system are divided as shown in Figure 

6 which are top-bottom and left-right zone, and each pole 

belongs to two zones. The time for each zone is calculated 

using the previously mentioned time taken for each pole, and 

is used as an index to measure the reaction time and agility 

for the top-bottom and left-right zone.
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(Figure 6) The top-bottom and left-right zone of 

proposed system

4. Badminton Motion Analysis 

and Training System

4.1 Implementation Result

The proposed badminton motion analysis and training 

system is designed and implemented to operate in Windows 

based environment. In order to enhance the convenience of 

users, WFA (Windows Form Application) based on C# is 

used for implementation. In addition, we used MySQL to 

store the measurement result data of the training, and used the 

OxyPlot Library to show the stored data using Pie, Line, and 

Bar graphs in C# WFA[15]. Table 3 shows the environment 

of the proposed system. 

(Table 3) The system Environment of Proposed 

Badminton Motion Analysis and Training 

System

Operating System Windows 10 Pro

RAM 16 GB

CPU Intel i7-3770K

Language & Library C#, OxyPlot

DBMS MySQL

Figures 7 and 8 show the implementation results of the 

badminton motion analysis and training system designed in 

this paper. Figure 7 shows the entire UI of training mode and 

it is designed and implemented to show the current status of 

serial port and the training progress in one screen.

(Figure 7) The Screen Shot of Implemented Badminton 

Training Mode

(Figure 8) The Visualization of Measurement Results 

by Each Pole and Zone

Figure 8 shows the time taken for each column and zone 

using the bar graph format and is designed and implemented 

so that a weak section can be grasped at a glance by the 

length of the bar graph.

4.2 Experimental Environment and Result

To verify the accuracy of implemented badminton motion 

analysis and training system, we compared the time taken 

with the traditional badminton training system(time 

measurement with stopwatch). The experimental test was 

carried out for the students of badminton club in physical 

education in Soonchunhyang University. Table 4 shows the 

details of participating students in the experiment test. Since 
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(Table 4) Information of Participating Students 

Age Height Weight

Participant 1 29 170 82

Participant 2 26 180 86

Participant 3 26 180 96

Participant 4 28 179 95

Participant 5 25 177 74

(Figure 9) Training experiment execution environment

(Figure 10) Time Comparison by Proposed Method 

and by Traditional Method

agility and response rate are highly affected by physical state 

of participants, the body weight and height were shown in 

Table 4. 

In this experimental test, the measurement was performed 

and counted as once when the participant visits all of eight 

senor poles randomly. Five participants measured these 

experiments 10 times and compared the total time taken for 

each training. Figure 9 shows the experimental environment 

of proposed badminton motion analysis and training system. 

Figure 10 compares the time taken automatically by the 

proposed sensor based method and the time taken by the 

conventional method. The experimental results show that the 

time taken by the proposed system in this paper is slightly 

faster than the conventional method. 

This result means that the detection of the player's swing 

by the sensor and the detection of the central position of the 

player are performed at a speed slightly higher than that of 

the human eye. In the future, we plan to perform the video 

recording of badminton training to calculate the accuracy of 

the center positioning time and swing time, and evaluate the 

accuracy by measuring the frames per second(FPS) of the 

video.

5. Conclusion

In this paper, we design and implement the sensor based 

badminton motion analysis and training system by applying 

the traditional agility training procedure. Since the proposed 

method can provide the objective numerical evaluation and 

visualization by the sensors which is different from the 

existing training method, we believe that it can help the users 

to improve their agility and physical ability improvement. 

For the further study, we will add the genetic algorithm to 

automatically train the weakness areas for each player. In 

addition, the proposed system will be used to improve the 

agility of various badminton players, and the results will be 

measured to investigate whether the agility is improved.
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