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Abstract 

The authors have developed "xG-1", a sports sensing unit capable of visualizing the performance and flow 

of play while recognizing each player in field sports such as soccer, rugby, and American football. Utilization 

of this sensing unit in the field of sports makes it possible to provide scientific data -driven services with the 

aim of transforming subjective coaching methods based on experience into new coaching methods based on 

data. 

This system consists of sensor devices and software, utilizing real-time kinematic (RTK) positioning, which 

is a surveying technology. Therefore, the system not only provides highly accurate positional data in real 

time but also visualizes the overall performance of the entire team, including formation analysis. This allows 

one-stop management of the overall team and individual performance, as well as efficient information 

management of the player's exercise load. "xG-1" can support sports businesses by providing highly 

extensible API and SDK and linking data among end users and systems. In the future, we aim to develop a 

global open data platform. 

Keywords: Sports sensing, Real-time kinematic positioning,  

Visualization for performance of player and flow of play, Global open data platform, Data-driven 

1. Introduction 

Looking ahead to the "super-smart society" that Society 5.0 is aiming for and the world after the "Tokyo Olympics", 

the authors released "xG-1" in December 2020 for the purpose of providing high-quality services to the sports business 

scene and contributing to the increase in the sports population and the expansion of the sports market. Utilizing real-

time kinematic (RTK) positioning, a surveying technology, "xG-1" not only provides highly accurate data obtained 

by wearable devices in real time but also visualizes the overall performance of the entire team.  This makes it possible 

to change the traditional subjective sports coaching and evaluation based on the experience of coaches into new data -

based coaching, thereby realizing innovation into a more data-driven world in the field of sports and maximizing the 

performance of the players. In addition, its cloud service provides one-stop management of the performance of the 

https://creativecommons.org/licenses/by/4.0/
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entire team and individuals, efficient information management of players' exercise load, and supports for data business 

activities surrounding the sports market as well as end-users through the provision of highly extensible API and SDK.  

2. Needs for Sports Information Processing  

The sports tech market is expected to expand rapidly. The size of the domestic market for IoT-based sports equipment 

and services is calculated to be approximately 68.5 billion yen in 2025, according to the forecast by Nomura Research 

Institute, Ltd. (Nomura Research Institute, 2019). Moreover, according to the estimate of Grand View Research 

Inc.'s(Grand View Research, 2019), the global sports analytics (software and services) market is forecasted to reach 

US$4.6 billion in 2025. The products for the sports tech market are diverse, and sports sensing units that measure the 

position of players and their actions during games have been actively developed mainly in foreign countries. However, 

since they have some problems including the lack of analytical functions for detailed understanding and analysis of 

the player's condition in addition to the low customizability of functions, not meeting the needs of the Japanese market 

has hindered their widespread use. This paper introduces "xG-1," a sports sensing unit developed by the authors to 

solve these problems. Figure 1 shows the development concept.  

 

This unit consists of a data acquisition function that collects players' positional, postural, and vital information using 

sensing devices, a visualization function that displays players' performance data in real time from the data(Jiang, W., 

et al. 2019), and a reporting function that reports the growth process from time-series data stored on the cloud. On the 

other hand, after having experts try out existing visualization system (Jiang, W., et al. 2019), it became clear that there 

is a demand for new features. Specifically, features such as a dashboard showing the timing of player substitutions 

and a function for comparing exercise intensity were mentioned. Therefore, in this research, we aim to develop a 

system that can satisfy both the need of coaches to grasp the conditions of players in real time and give them 

instructions during games, and a need to grasp the degree of growth and conditions of players by analyzing their data 

for each practice up to games. Also in this system, by utilizing RTK surveying technology, relative positioning can 

be achieved in real time instead of single-point positioning, thereby providing highly accurate analysis data in real 

time, which is superior to existing system. 

 

 

Figure 1. Development concept of the sports sensing unit "xG-1" 
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3. System Concept 

Figure 2 shows the system configuration. The system has two mechanisms: one that stores data measured in the sports 

field environment in the cloud via Wi-Fi(PCT patent, 2018a), and one that installs the sensing devices that have 

completed measurement on the station and make bulk registration in the cloud via (PCT patent, 2018b). 

 

Figure 2. System configuration of "xG-1" 

 

This service achieves RTK positioning by utilizing a private reference point service that adopts Japan's electronic 

reference point system or by installing a reference point at one's own station. It can support decision -making in the 

field immediately by converting highly accurate measurement data into the performance data of players. The same 

service can be used overseas as well. 

4. Sensing Device 

"xG-1" consists of a highly accurate RTK-GNSS sensor and an inertial sensor (IMU: inertial measurement unit) 

capable of measuring 9 axes of acceleration, angular velocity, and geomagnetic field (Figure 3).  

 

Figure 3. Sensing device of "xG-1" 

 

Table 1 shows the specifications of this device. The device is compatible with multiple satellites, including the quasi -

zenith satellite MICHIBIKI. Its positioning accuracy allows a margin of error within a few centimeters when stationary, 

and within a few tens of centimeters when jogging or sprinting. It allows highly accurate positioning in any place and 

situation. 
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Table 1. Specifications for the sensing device of xG-1  

Item Specification 

Size 88 mm × 44 mm × 19 mm 

Weight 64 g 

Dustproof and waterproof IP56 

GNSS 
GPS, Galileo, QZSS 

Beidou / GLONASS (10Hz) 

Positioning process RTK-GNSS 

Acceleration 100 Hz 

Gyro 100 Hz 

geomagnetism 50 Hz 

Data-transfer method 
Wireless system (2.4GHz band) 

Technical standards compliance certificate: R017-190022 

Continuous operating time 
Normal mode: 5 hours 

Real-time mode: 3 hours 

Charging time 2 hours 

Charging method Dedicated Station 

Supported OS Windows 10 or higher 

Certification 
FIFA BASIC EPTS License (Authorization Number: 1014699) 

World Rugby Certification (APPROVAL CODE: WRM-941-SSZ) 

 

Furthermore, by using 9-axis sensor data including data on angular velocity in the three axes of pitch angle, roll angle, 

and yaw angle (Figure 4), as well as acceleration sensor and magnetic field sensor from the gyro sensor built into the 

IMU, it is possible to grasp the posture, detailed movements, and impact of the players that are difficult to confirm by 

visual check or GNSS data. Additionally, these sensor values can be analyzed comprehensively to analyze events such 

as falls and jumps during exercise. 

 

Figure 4. Measurement of posture angle 

 

Table 2 shows typical data items that can be measured with this device. Information such as impact strength, heart 

rate, and detailed posture is difficult to measure from video images and can be considered as analysis items peculiar 

to wearable devices. The measured data can be imported into the computer by using the attached station (Figure 3) 

and station software. The station can store up to 16 sensing devices, and can be used for charging, data downloading, 

and maintenance. The status of charging or download status of  measurement data can be easily checked on the 

computer. 

 

Each player wears a special vest under the uniform and puts on a sensing device in a pocket on the back. On the 

computer, it is possible to check the player's performance, such as running speed and exercise intensity, as well as 

playing conditions, such as formation based on positional information. This device has a 2.4GHz wireless 

communication function in the 2.4GHz band, allowing visualization of the data measured with different sensors in 

real time. The heart rate of the player can also be checked simultaneously with other information by putting on the 

attached heart rate sensor. By recording and storing these pieces of information and feeding them back to the entire 

team or individuals, data-driven training coaching can be realized, such as reviewing based on the data, efficient 

analysis of tactics, and reinforcement of the formation play. 

Pitch Roll Yaw
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Table 2. Typical data items that are measurable 

No Item name Unit Threshold Details 

1 Time 
yyyy/mm/dd  

hh:mm:ss.000 
- 

GNSS time  

(depends on sensor acquisition cycle) 

2 Latitude (nav.) ddd:mm:ss.0000 - 

Converted from global coordinates to plane 

rectangular coordinate system: X  

For Japan: north latitude 

3 Longitude ddd:mm:ss.0000 - 

Converted from global coordinates to plane 

rectangular coordinate system: Y  

For Japan: east longitude 

4 Direction Degree - 
Device-based direction  

(depending on geomagnetism and location) 

5 Running distance m - 
Total distance of running 

(excluding stationary time) 

6 Number of sprints number of times 6.67 m/s 

Number of consecutive times of 24 km/h or 

faster for 1 second or longer / determination 

threshold can also be changed 

7 High-Speed distance m  5.0 m/s 

Integration of running distance for more than 1 

second at a speed of 18 km/h or more / 

determination threshold can also be changed 

8 
%HIR  

(High Intensity Ratio) 
% - 

High speed distance / Running distance x 100 

Percentage of running under high load 

conditions 

9 Sprint distance m 6.67 m/s 

Integration of running distance for more than 1 

second at a speed of 24 km/h or more / 

determination threshold can also be changed. 

10 Average speed m/s - Sum of all speeds / Number of data items 

11 Maximum speed m/s - Maximum of all speeds 

12 High strength effort number of times - 

Acceleration number of times + deceleration 

number of times + Sprint Number of times + 

Impact number of times (over 5G) 

13 Times of acceleration number of times 
 2.5 m/s2 

 1.5 m/s2 

Number of times acceleration exceeds 2.5 m/s2 

(Two thresholds can be set.) 

14 
Number of times of 

deceleration 
number of times 

 -2.5 m/s2 

 -1.5 m/s2 

Number of times acceleration exceeds -2.5 m/s2 

(Two thresholds can be set.) 

15 
Number of times of detecting 

composite acceleration 0  
number of times 0.1 G 

Number of times the composite acceleration -1 

(acceleration of gravity) is less than 0.1 

16 

Impact 

Number of times of impacts 

and collisions 

number of times - 

Number of times the composite acceleration -1 

(gravity acceleration) is 3 to less than 4, 4 to less 

than 5, 5 to less than 6, 6 to less than 7, 7 to less 

than 8, and 8 or more 

17 

Front-rear balance 

Plus: forward tilt,  

Minus: backward tilt posture 

degree 2.5 

Calculates logarithmized movement variance 

values from the values of forward and backward 

from acceleration and gyro-sensor. 

Difference between the mean of values above 

2.5 and the mean of values below 2.5 

18 

Left-right balance 

Plus: left tilt,  

Minus: right tilt 

degree 2.5 

Calculates logarithmized movement variance 

values from the values of left and right from 

acceleration and gyro-sensor. 

Difference between the mean of values above 

2.5 and the mean of values below 2.5 

19 Velocity Zone m 6 zones 

Integration of the running distance using 

5.4km/h, 12.6km/h, 18km/h, 23.4km/h, and 

28.8km/h as thresholds 

20 Heart rate (optional) bpm - 

1 second interval / heart rate. Depends on the 

specifications of the external sensor (e.g., Polar 

Verity Sense) 

 

This device has already obtained FIFA EPTS and World Rugby certification, which are required for using the devices 

in international soccer and rugby tournaments. It can be used in these official matches.  
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5. Software 

The software consists of a dashboard screen (Section 5.1), a station screen (Section 5.2), and a management tool 

screen. It is used to operate the management tool screen smoothly over the entire system 

5.1. Dashboard Screen 

The dashboard screen provides functions about the analysis of the acquired data on players (mainly four functions).  

5.1.1. Field Functions 

This function is used to visualize formation information such as player positioning, distance between positions, and 

team compactness by mapping time-synchronized player positions and sensor information on the field of the 

dashboard (Figure 5). In addition, by linking with video taken at a fixed point, the positional information of players 

acquired from the sensors can be reproduced on the video, enabling provision of feedback while confirming the 

positioning. 

 

Figure 5. Field function (dashboard screen) 

5.1.2. Panel function 

This function is used to visualize all of the sensor data in real time. It allows checking a series of conditions of a 

player, for example, as shown in Figure 6 (left), by alerting with change in the color of the player's panel when data 

value such as the heart rate or running distance exceeds the preset threshold value, and as shown in Figure 6 (right), 

by graphing the last three minutes of data values. This can be utilized to suggest the timing of changing players during 

matches or practices. 
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Figure 6. Panel function (dashboard screen) 

5.1.3. Function of Exercise Intensity Analysis 

As Figure 7 shows, this function is used to visualize the amount of exercise, such as the running distance or high-

speed distance of a team or individuals, during a specified period (one week / four weeks) in a graph to make an 

analysis of exercise intensity. 

 

Figure 7. Function of exercise intensity analysis (for 4 weeks) (dashboard screen) 

In addition, as Figure 8 shows, the Acute Chronicle Workload Ratio (ACWR), an indicator of the risk of injury during 

the given period, can be analyzed based on the values of each item. By analyzing the items such as running distan ce, 

high-speed distance, and the number of sprints, it is possible to manage the peak of the team's physical activity during 

training, and to achieve peaking and injury control in preparation for matches.  
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Figure 8. Exercise Intensity Function (ACWR) (dashboard screen) 

5.1.4. Comparison Function of Exercise Intensity 

This function enables comparison of data from different time periods within one's own team, as well as data from 

other top teams (professional/working adults/university/high school/junior high school) that are summarized as shown 

in Figure 9. 

 

Figure 9. Comparison function (dashboard screen) 
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5.2. Station Screen 

The station screen requires functions to aggregate information for the entire team, such as v isualization of the status 

of each sensing device and data management. In specific, it consists of the following three functions to:  

 

- Visualize the charging status and remaining battery power of the sensing devices. 

- Download data with high-speed from multiple sensing devices simultaneously. 

- Output reports including heatmaps from registered matches and practice menus in Excel or PDF format.  

 

In particular, the function of creating the heat map of play allows visualization of the positioning of all play ers for 

each time period, as Figure 10 shows. It is also possible to output detailed data such as the average position of the 

players and the location, time, direction, and the number of sprints throughout the match in Excel or PDF format.  

 

Figure 10. Heat map function of play (station screen) 

6. Examples of Utilization 

This system is provided to over 50 teams, including professional, university, and high school level teams.  

 

In professional settings, for example top teams in the J-League, sports scientists use the highly accurate location and 

speed data to determine where sprints and acceleration/deceleration occurred, which is utilized in reviewing game 

results. During games, they review whether the offensive and defensive tendencies matched their tactics by examining 

the changes in data for each position over different periods of time.  

Moreover, medical coaches utilize the system as foundational data for rehabilitation of injured players. In field sports 

like soccer, there is a tendency for injuries to occur frequently, particularly to the knee and ankle. For the running 

training program aimed at recovery, they verify the difference in acceleration force for each step and the body's axis 

using data. This not only measures the muscular strength of the injured part externally, but also verifies the mechanical 

balance of the body during acceleration, providing valuable data.  

 

In universities, the quality of training menus is checked numerically by changing details of the training, such as 

altering the location of ball distribution in 2vs2 drills and adjusting the running load by the number of accelerations.  

In high school teams, players consciously view the numerical data, which synchronizes their performance checks for 

training and games. By comparing data with other categories, they can understand their own position.  

In this way, users from each layer utilize the various features, and in the end, the system has received high prais e, 

with all teams expressing their satisfaction. 

 

Appearance ratioSmall Large
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7. Conclusion 

We have developed a sensing system for field sports capable of not only measuring the position and actions of each 

player with high accuracy, but also analyzing the formation of the entire team. By providing this system at a low price, 

we can contribute to the diffusion and promotion of data-based coaching methods not only for professional sports but 

also for amateur sports such as in university and high school. Furthermore, while considering i ts application to 

enhancement of sports competitions as well as for entertainment, we aim to promote open data in the sports world in 

Japan, increase in the sports population, health, and new businesses. For example, by introducing these systems, we 

aim to innovate the environment in which the players of developmental generation can start to experience sports 

information science. Besides, by accumulating and analyzing performance data obtained from club teams, which are 

the data content holders, on the "platform," it will be possible, for example, to provide advisory teachers of club 

activities at elementary, junior high, and high schools who are not professional sports coaches with services such as 

tactical analysis and support for planning practice menus.  

 

As further technical developments, the authors have been developing a time synchronization system for processing 

multiple sports videos(Umehara, Y., et al. 2021), a method for estimating the success or failure of a pass in American 

football(Tanaka, C., et al. 2022b, Tanaka, C., et al. 2022a), and an automatic panorama video generation system(Naruo, 

T., et al. 2022). Our goal is to deepen the sports events into the entertainment with bodily experiences for both 

spectators and media viewers by providing real-time performance data to the spectators who visit stadiums and arenas 

as well as to the media, and sharing the perspectives of coaches and players with them. In the future, we are planning 

development as a business platform using open data in the sports world (Figure 11), and provide services to those who 

play, watch, and support sports. We will continue to challenge the scheme of the platform for sports strategy systems 

mainly for field sports by integrating the sensing devices and software provided by the authors, tactical analysis, and 

techniques such as Deep learning that utilizes sports videos.  

 

Figure 11. Concept of Platform Development 
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