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This work demonstrates the design, development and prototyping of a
comprehensive monitoring system for football players in real time. Utiliz-
ing the ESP8266 microcontroller, GPS module, and pulse sensor, we have
created a robust and reliable solution for tracking and analyzing player
metrics such as heart rate, oxygen level, speed, and positional data.

The integration of a user-friendly app further enhances the system's func-
tionality, allowing trainers to monitor player performance, receive instant
feedback, and make informed decisions to improve overall game play.
Despite encountering challenges with sensor accuracy and power stabil-
ity, iterative testing and optimization led to the selection of the most reli-
able components, such as the Neo-8M GPS module. The final prototype
not only meets the initial project objectives but also provides a scalable
platform for future enhancements, including more advanced analytics and
additional sensor integration.

Looking ahead, there are several ways to enhance and expand the capa-
bilities of the system. One key improvement could be increasing the fre-
quency of data transmission from the GPS module to the mobile app,
providing even more precise and timely performance insights. Addition-
ally, further development of the mobile app could include features such as
the ability to download detailed reports of each match, allowing for com-
prehensive analysis and record-keeping.

In general, this project exemplifies the successful application of mecha-
tronics engineering principles to solve real-world problems, providing
valuable tools for athletic performance monitoring and contributing to the
advancement of sports technology. With the proposed improvements, the
system can become an even more powerful asset for trainers and athletes
alike, promoting continuous improvement and excellence in sports per-
formance.

Keywords: Performances and movements of player, monitoring, athlete man-
agement, bio-mechatronics.
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125
1. Introduction 126

The physical performance of football play!?”
ers is a critical factor influencing match out!?®
comes. Metrics such as total distance covered®
are affected by various elements, including play!*°
ing style and match dynamics, highlighting théd3!
importance of thorough analysis of players'®?
physical output. 133

In the realm of sports technology, advancei3*
ments have revolutionized the monitoring of
elite football players (Dellaserra et al., 201413¢
Chambers et al., 2015). Global Positioning Sys-
tem (GPS) technology (Aughey, 2011; Latino
and Tafuri, 2024), integrated into professional
sports, enables teams to track players' move-
ments during training and competitions. Utiliz-
ing Electronic Performance and Tracking Sys-
tem (EPTS) (Robertson et al., 2023) devices
such as GPEXE (GEPEXE, 2020), StatSports
(Statsports, 2024) and Catapult (Catapult, 2024),
coaches can gather extensive data on running
speed, distance, heart rate, and overall workload.
This information is pivotal for injury prevention,
as monitoring metrics like sprints and distance
allows coaching staff to assess a player's readi-
ness for upcoming matches and identify the need
for rest.

Research indicates that training at intensi-
ties exceeding the season average increases in;,,
jury risk (Jones et al., 2017). By analyzing GPS
metrics, coaches can predict and mitigate |nju-
ries, distinguishing between players who arg,,
overtraining and those in peak conditions. Be-
yond health monitoring, the data from EPTS de;,
vices also provides insights into player move
ments on the field, allowing for tailored tralnln
and the development of strategies based on |nd|1 “
vidual physical and tactical needs.

140

145
. 146
2. Materials and Methods 47

2.1.Mechanical Design and 3D printing 14s

The mechanical design of the intelligent porta-
ble device involved creating a compact and er-
gonomic structure to ensure ease of use for foot-
ball players during training and competitions.
The design was executed using SolidWorks, fo-
cusing on minimizing weight while maintaining
durability. The enclosure was designed to housa4o
all necessary sensors and components securely;s
ensuring they remain functional in various envi-
ronmental conditions. Prototyping techniques

such as 3D printing were employed to refine the
design and verify fit and functionality.

Figure 1 presents the 3D design of the case,
including the internal layout for the components.
It features dedicated compartments for the bat-
tery and the GPS module, as well as four mount-
ing bosses to secure the PCB with small screws.
The shell of the case has a thickness of 2 mm,
with internal ribs to strengthen the sections
housing the battery and GPS module. This de-
sign ensures the durability and stability of the
components within the case.

Mounting bosses to /
fix the PCB card

.‘"-.‘ Straight slot
1 for battery
charging

=
the sections
Figure 1: 3D design of the portable device.

The conical format of the cover adds a sleek and
modern look, contributing to functionality and
visual design (Figure 2).

The sides of the case are designed with extruded
cuts that form a straight slot for the battery
charging port. Additionally, there are four circu-
lar openings: three are designated for battery
level indicators, allowing users to easily check
the battery status, and one is for the button,
providing convenient access for user interaction.

Figure 2: Device's top and back views.
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The two 3D models are meticulously arrangedso
on the printing platform, surrounded by neces-
sary support structures to ensure successful
printing of overhanging parts. The total esti-
mated printing time is approximately 5 hours
and 17 minutes, with a material usage of
164.124 grams, corresponding to a material
length of 55.03 meters and a cost estimation of
3.28248 units. The breakdown of the print pro-
cess is displayed in the structure type section, re-
vealing that the skin and support structures con-
sume the largest portion of the print time, at

32.5% and 19.7% respectively.
190

2.2.Electrical Design and Components 191

The electrical design of the device incorporated®?
advanced sensors to capture physiological metios
rics, including heart rate, acceleration, and diss,,
tance (Table 1). Components were selected fof,;
their low power consumption and processing ca;q,
pabilities, ensuring efficient data acquisition and,,
transmission. Additionally, wireless communisgg
cation was integrated to facilitate real-time datg,,
transfer to a mobile app. The circuit was des,
signed using Proteus ISIS to optimize battery,,
life while ensuring reliable performance undes,,
continuous operation. 203

204
Table 1: List of electrical and electronic components
for an athlete performance tracking device

206
Component Description 207
ESP32 Central processor enabling Wi-Fiyq
and connectivity.
Neo-8M GPS with|Provides accurate location track-
Compass ing and orientation data.
Grove - Heart Rate|Monitors heart rate during train-
Monitor ing and matches.
Battery Level Indica-|Displays battery status to prevent
tor unexpected shutdowns.
Blue Illuminated|Allows easy device activation
Metal Push Switch  |with visibility in low light.
Battery 9V Powers the entire device for ex-
tended use.

Figure 3 illustrates the complete circuit imple-
mented in this project, integrating all the sensors
and electronic components. This comprehensivey
diagram highlights the interconnections and lay,q;
out of each component, providing a clear visualy;,
ization of the electrical framework. It serves as3
a practical reference for understanding how theq4
various elements work together to achieve theis
project's objectives.

Figure 3: Electrical design and electronic components
for an athlete performance tracking device

2.3.Mobile App Development

Utilizing FLUTTER, the app designed features
five key screens that provide comprehensive in-
sights into athlete performance. The Real-Time
screen displays four metrics in real time: heart
rate, oxygen level, speed, and state (accelera-
tion, deceleration, or stable). The heart rate of a
normal person should not be below 60, and the
oxygen level (SpO2) should not be below 90. If
either of these values falls below their respective
thresholds, it indicates that the player is in a dan-
gerous situation and requires immediate atten-
tion. To ensure safety, the app displays these
values in red when they drop below the thresh-
olds, alerting the user (trainer) that something is
wrong with the player.

Start
|

| Display Real-Time Data (4 Metrics) |

|
Heart Rate < 60 OR Oxygen Level < 90?
!\
Yes No
/ \
Alert User Continue Monitoring
\ /
End of Match?
!\
Yes No
/ \
Stop Real-Time  Keep Displaying
Metrics data

The Personal Performance screen displays six
key metrics essential for evaluating a football
player's performance. These metrics include
high-intensity distance, high-speed running,
sprint, distance per minute, total distance, and
maximum speed.

8w 3
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This screen is both dynamic (real-time) and2s
static, allowing the user to view performancez7

metrics during and after the match

Dynamic (Real-Time)?

o\
Yes No
/ \
Update metrics Show Static Data
in Real-Time after Match

User Presses Info Button?

[\
Yes No
/ \
——————————————————————————— Continue Displaying
| Navigate to Info Screen | metrics

| Display Definitions of metrics |
| (High-Intensity Distance, Sprint,|
| HSR, etc.) |

User Closes Info Screen?

/ \
Yes No
/ \
Return to Performance  Stay on Info Screen

Screen

228
229
230

231
232
233
234

The Path Map screen is one of the app's crucial
features. It displays the player's path over a sta-
dium background image, giving the user a clear
visual representation of their movements during

the match.

Start

| Display Stadium Background Image |

User Selects Analyzer Mode?
Yes No
B e Continue displaying
| Navigate to Player Path
Analyzer Screen

Analyze Player's Field Positions |

(Defender. Attacker, Midfielder) |

Calculate Percentage of Time Spent in Each Role
Display Percentages (e.g. 40% Defender. etc.)
End olf Match?
‘f:es l‘ NF>

/ \
Stop Path Tracking  Continue analyzing
Player path

235

236
237
238
239
240
241

242
243

244
245
246
247

The Analyzer screen is integrated into the Path
Map screen and provides detailed insights into
the player's field positions. It displays the per-
centage of time the player spends in each role:
defender, attacker, and midfielder.

The Graph screen displays a speed-over-time
graph for the duration of the match. It features
horizontal scrolling, allowing users to navigate
through the data based on its length.

Start

| Display Speed-Over-Time Graph (X, Y) |

User Scrolls Horizontally?
/N
Yes No
/ \

Update Graph View Display Default View

\
User Presses Floating Button?
/ \

Yes No

/ \
-—-m-mmmeem——-  Continue Viewing Graph
| Navigate to
Table Screen |

| Display Table with Two
Columns: Time and Speed |

User Returns to Graph Screen?
/ \
Yes No
/ \

Return to Graph View  Stay on Table Screen

When the user presses the floating button on the
Graph screen, the app navigates to the Table
screen. This screen displays a table with two col-
umns: one for Time and the other for Speed,
providing a clear and simplified view of the data
for the user.

The final screen, Feedback_Bot, is one of the ap-
p's most valuable features.

Having a robot that offers such precise feedback
based on real-time and historical data is an ex-
ceptional tool for any athlete looking to enhance
their performance.

8 4
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Start
I

| Dizplay Virtual Assistant Interface |

I
Uzer Preaszes "Get Your Feedback" Button?

Yes :I\Io

............... Stay on Main Screen
WNavigate to
Feedback Analysis

Screen |

| Start Analvsis of Performance Data
| (Feal-Time and Historical Diata)

I
Wait for Approximately 10 Seconds

I
Analysis Complete?
Yes No
Dizplay Continue Waiting
Feedback
/Recommendations

(Personalized Messzage)

Uzer Asks a Question to the Bot?

Yes No
---------------- — Stay on Feedback Screen
| Navigate to
Messaging Interface |
| Uszer Types and Sends a Meszage |

| Bot Analyzes Query and Provides|
| Response (Detailed Explanation) |

User Presses Top Raght Button?

Yes No

| Navigate to Recent Feedback
Screen (by Day) |

| Display Recent Feedback Categorized |
bv Dav (List Format) |

|
Uszer Closes Eecent Feedback Screen?

Yés No
Return to Feedback '&Sta}-' on Recent
Bot Screen Febdback Screen
248
249

250 The Feedback Bot screen includes a robust mes-
251 saging feature. This allows users to interact with
252 the bot by sending messages if they have any
253 questions or need additional explanations about
254 their performance metrics.
255 When the user presses the top right button, an-
256 other screen appears, presenting recent feed-
257 backs categorized by day.
258 3. Results and discussion
259 The device's capabilities will be critical for per-
260 formance monitoring. Data collected will enable
261 continuous tracking and facilitate timely inter-
262 ventions to enhance performance and prevent in-
263 juries.
Footracker
device
‘ ~
Heart-rate
watch
264 Figure 4: The prototype of a device for tracking and
265 monitoring athletes' performance.
266
267 The integration of a user-friendly application
268 and cloud-based connectivity further enhances
209 the device's utility. Athletes and coaches will
270 benefit from remote monitoring capabilities by
271 making informed decisions regarding training
272 adjustments.
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324
The potential for this device to empower athletes,s

is immense. By providing detailed performance,,
metrics, the technology will enable athletes ta,,
refine their skills and address specific areas fog,g
improvement. The project is positioned to consyg
tribute significantly to the sports science fields,
with implications for injury prevention and perss;
formance enhancement. 332

Figure 5: The mobile app “ FooTracker ”

333

4. Conclusions 334
The development of this intelligent, portable desss
vice marks a significant advancement in sportsse
technology. By merging advanced monitoring3?
capabilities with user-friendly design, this studys3s
paves the way for a new approach to athlete persso
formance evaluation. Teams can leverage this4o
technology to optimize training methods, ens41
hance athlete performance, and mitigate injury42
risks. The future of professional sports will ben343
efit greatly from innovations that bridge the gap44
between technology and athletic performances4s
The development of this intelligent, portable des4s
vice marks a significant advancement in sports47
technology. Teams can leverage this technology4s
to optimize training methods, enhance athletg49
performance, and mitigate injury risks. The fusso
ture of professional sports will benefit greatlys:
from innovations that bridge the gap betweerns2
technology and athletic performance. 353
354
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