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 13 باستخدام.  الفعلي  الوقت  في  القدم  كرة  للاعبي  شامل  مراقبة  نظام  ونمذجة  وتطوير  تصميم  العمل  هذا  يوضح

 14 اللاعب   مقاييس  وتحليل  لتتبع  به  وموثوقاا  قوياا حلاا   أنشأنا  النبض،  ومستشعر GPS ووحدة ESP8266 متحكم

 15 .الموقع وبيانات والسرعة الأكسجين ومستوى القلب ضربات معدل مثل

 16  أداء   بمراقبة  للمدربين  يسمح  مما  أكبر،  بشكل  النظام  وظائف  تعزيز  على  الاستخدام  سهل  تطبيق   دمج  يعمل

 17 .عام بشكل اللعب لتحسين مستنيرة قرارات واتخاذ  فورية ملاحظات وتلقي اللاعب

 18 والتحسين   التكراري  الاختبار  أدى  فقد  الطاقة،  واستقرار  المستشعر  بدقة  المتعلقة  التحديات  مواجهة  من  الرغم  على

 19 أهداف   النهائي  الأولي  النموذج  يلبي  لا .Neo-8M GPS وحدة  مثل  موثوقية،  الأكثر  المكونات  اختيار  إلى

ا  يوفر  بل  فحسب،   الأولية  المشروع  20  الأكثر   التحليلات  ذلك  في  بما  المستقبلية،  للتحسينات  للتطوير   قابلة  منصة  أيضا

ا  21 .الإضافي المستشعر وتكامل تقدما

 22 زيادة  هو  الرئيسية  التحسينات  أحد   يكون  قد.  النظام  قدرات  وتوسيع  لتعزيز  طرق  عدة  هناك  المستقبل،  إلى  بالنظر

 23 أداء  رؤى  يوفر  مما   المحمول،  التطبيق  إلى (GPS) العالمي  المواقع  تحديد  نظام  وحدة   من  البيانات   نقل  وتيرة 

 24 ميزات  المحمول  للتطبيق  الإضافي   التطوير  يشمل   أن  يمكن  ذلك،  إلى  بالإضافة.  المناسب  الوقت  وفي  دقة  أكثر

 25 .السجلات وحفظ الشامل بالتحليل يسمح مما مباراة، لكل مفصلة تقارير تنزيل على القدرة مثل

 26  وتوفير   الواقعية،  المشكلات  لحل  الميكاترونيات  هندسة  لمبادئ  الناجح  التطبيق   العمل  هذا  يوضح  عام،  بشكل

 27  يمكن  المقترحة،  التحسينات   مع.  الرياضية  التكنولوجيا  تقدم  في  والمساهمة  الرياضي  الأداء  لمراقبة  قيمة  أدوات

 28 في  والتميز   المستمر   التحسين  يعزز  مما   سواء،  حد  على  والرياضيين  للمدربين  قوة   أكثر  أصلاا   النظام  يصبح  أن

 29 . الرياضي الأداء
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 44 

This work demonstrates the design, development and prototyping of a 45 

comprehensive monitoring system for football players in real time. Utiliz-46 

ing the ESP8266 microcontroller, GPS module, and pulse sensor, we have 47 

created a robust and reliable solution for tracking and analyzing player 48 

metrics such as heart rate, oxygen level, speed, and positional data. 49 

The integration of a user-friendly app further enhances the system's func-50 

tionality, allowing trainers to monitor player performance, receive instant 51 

feedback, and make informed decisions to improve overall game play. 52 

Despite encountering challenges with sensor accuracy and power stabil-53 

ity, iterative testing and optimization led to the selection of the most reli-54 

able components, such as the Neo-8M GPS module. The final prototype 55 

not only meets the initial project objectives but also provides a scalable 56 

platform for future enhancements, including more advanced analytics and 57 

additional sensor integration. 58 

Looking ahead, there are several ways to enhance and expand the capa-59 

bilities of the system. One key improvement could be increasing the fre-60 

quency of data transmission from the GPS module to the mobile app, 61 

providing even more precise and timely performance insights. Addition-62 

ally, further development of the mobile app could include features such as 63 

the ability to download detailed reports of each match, allowing for com-64 

prehensive analysis and record-keeping. 65 

In general, this project exemplifies the successful application of mecha-66 

tronics engineering principles to solve real-world problems, providing 67 

valuable tools for athletic performance monitoring and contributing to the 68 

advancement of sports technology. With the proposed improvements, the 69 

system can become an even more powerful asset for trainers and athletes 70 

alike, promoting continuous improvement and excellence in sports per-71 

formance. 72 

Keywords: Performances and movements of player, monitoring, athlete man-73 

agement, bio-mechatronics. 74 
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1. Introduction 75 

The physical performance of football play-76 

ers is a critical factor influencing match out-77 

comes. Metrics such as total distance covered 78 

are affected by various elements, including play-79 

ing style and match dynamics, highlighting the 80 

importance of thorough analysis of players' 81 

physical output.  82 

In the realm of sports technology, advance-83 

ments have revolutionized the monitoring of 84 

elite football players (Dellaserra et al., 2014; 85 

Chambers et al., 2015). Global Positioning Sys-86 

tem (GPS) technology (Aughey, 2011; Latino 87 

and Tafuri, 2024), integrated into professional 88 

sports, enables teams to track players' move-89 

ments during training and competitions. Utiliz-90 

ing Electronic Performance and Tracking Sys-91 

tem (EPTS) (Robertson et al., 2023) devices 92 

such as GPEXE (GEPEXE, 2020), StatSports 93 

(Statsports, 2024) and Catapult (Catapult, 2024), 94 

coaches can gather extensive data on running 95 

speed, distance, heart rate, and overall workload. 96 

This information is pivotal for injury prevention, 97 

as monitoring metrics like sprints and distance 98 

allows coaching staff to assess a player's readi-99 

ness for upcoming matches and identify the need 100 

for rest. 101 

Research indicates that training at intensi-102 

ties exceeding the season average increases in-103 

jury risk (Jones et al., 2017). By analyzing GPS 104 

metrics, coaches can predict and mitigate inju-105 

ries, distinguishing between players who are 106 

overtraining and those in peak conditions. Be-107 

yond health monitoring, the data from EPTS de-108 

vices also provides insights into player move-109 

ments on the field, allowing for tailored training 110 

and the development of strategies based on indi-111 

vidual physical and tactical needs. 112 

2. Materials and Methods 113 

2.1.Mechanical Design and 3D printing 114 

The mechanical design of the intelligent porta-115 

ble device involved creating a compact and er-116 

gonomic structure to ensure ease of use for foot-117 

ball players during training and competitions. 118 

The design was executed using SolidWorks, fo-119 

cusing on minimizing weight while maintaining 120 

durability. The enclosure was designed to house 121 

all necessary sensors and components securely, 122 

ensuring they remain functional in various envi-123 

ronmental conditions. Prototyping techniques 124 

such as 3D printing were employed to refine the 125 

design and verify fit and functionality. 126 

Figure 1 presents the 3D design of the case, 127 

including the internal layout for the components. 128 

It features dedicated compartments for the bat-129 

tery and the GPS module, as well as four mount-130 

ing bosses to secure the PCB with small screws. 131 

The shell of the case has a thickness of 2 mm, 132 

with internal ribs to strengthen the sections 133 

housing the battery and GPS module. This de-134 

sign ensures the durability and stability of the 135 

components within the case. 136 

 137 

Figure 1: 3D design of the portable device. 138 

The conical format of the cover adds a sleek and 139 

modern look, contributing to functionality and 140 

visual design (Figure 2). 141 

The sides of the case are designed with extruded 142 

cuts that form a straight slot for the battery 143 

charging port. Additionally, there are four circu-144 

lar openings: three are designated for battery 145 

level indicators, allowing users to easily check 146 

the battery status, and one is for the button, 147 

providing convenient access for user interaction.  148 

 149 

Figure 2: Device's top and back views. 150 
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The two 3D models are meticulously arranged 151 

on the printing platform, surrounded by neces-152 

sary support structures to ensure successful 153 

printing of overhanging parts. The total esti-154 

mated printing time is approximately 5 hours 155 

and 17 minutes, with a material usage of 156 

164.124 grams, corresponding to a material 157 

length of 55.03 meters and a cost estimation of 158 

3.28248 units. The breakdown of the print pro-159 

cess is displayed in the structure type section, re-160 

vealing that the skin and support structures con-161 

sume the largest portion of the print time, at 162 

32.5% and 19.7% respectively. 163 

2.2.Electrical Design and Components 164 

The electrical design of the device incorporated 165 

advanced sensors to capture physiological met-166 

rics, including heart rate, acceleration, and dis-167 

tance (Table 1). Components were selected for 168 

their low power consumption and processing ca-169 

pabilities, ensuring efficient data acquisition and 170 

transmission. Additionally, wireless communi-171 

cation was integrated to facilitate real-time data 172 

transfer to a mobile app. The circuit was de-173 

signed using Proteus ISIS to optimize battery 174 

life while ensuring reliable performance under 175 

continuous operation. 176 

Table 1: List of electrical and electronic components 177 

for an athlete performance tracking device 178 

Component Description 

ESP32 Central processor enabling Wi-Fi 

and connectivity. 

Neo-8M GPS with 

Compass 

Provides accurate location track-

ing and orientation data. 

Grove - Heart Rate 

Monitor 

Monitors heart rate during train-

ing and matches. 

Battery Level Indica-

tor 

Displays battery status to prevent 

unexpected shutdowns. 

Blue Illuminated 

Metal Push Switch 

Allows easy device activation 

with visibility in low light. 

Battery 9V Powers the entire device for ex-

tended use. 

 179 

Figure 3 illustrates the complete circuit imple-180 

mented in this project, integrating all the sensors 181 

and electronic components. This comprehensive 182 

diagram highlights the interconnections and lay-183 

out of each component, providing a clear visual-184 

ization of the electrical framework. It serves as 185 

a practical reference for understanding how the 186 

various elements work together to achieve the 187 

project's objectives. 188 

 189 

 190 

Figure 3: Electrical design and electronic components 191 

for an athlete performance tracking device 192 

2.3.Mobile App Development 193 

Utilizing FLUTTER, the app designed features 194 

five key screens that provide comprehensive in-195 

sights into athlete performance. The Real-Time 196 

screen displays four metrics in real time: heart 197 

rate, oxygen level, speed, and state (accelera-198 

tion, deceleration, or stable). The heart rate of a 199 

normal person should not be below 60, and the 200 

oxygen level (SpO2) should not be below 90. If 201 

either of these values falls below their respective 202 

thresholds, it indicates that the player is in a dan-203 

gerous situation and requires immediate atten-204 

tion. To ensure safety, the app displays these 205 

values in red when they drop below the thresh-206 

olds, alerting the user (trainer) that something is 207 

wrong with the player. 208 

 209 

The Personal Performance screen displays six 210 

key metrics essential for evaluating a football 211 

player's performance. These metrics include 212 

high-intensity distance, high-speed running, 213 

sprint, distance per minute, total distance, and 214 

maximum speed.  215 

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 
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This screen is both dynamic (real-time) and 216 

static, allowing the user to view performance 217 

metrics during and after the match 218 

 219 

The Path Map screen is one of the app's crucial 220 

features. It displays the player's path over a sta-221 

dium background image, giving the user a clear 222 

visual representation of their movements during 223 

the match.  224 

 225 

The Analyzer screen is integrated into the Path 226 

Map screen and provides detailed insights into 227 

the player's field positions. It displays the per-228 

centage of time the player spends in each role: 229 

defender, attacker, and midfielder.  230 

The Graph screen displays a speed-over-time 231 

graph for the duration of the match. It features 232 

horizontal scrolling, allowing users to navigate 233 

through the data based on its length. 234 

 235 

When the user presses the floating button on the 236 

Graph screen, the app navigates to the Table 237 

screen. This screen displays a table with two col-238 

umns: one for Time and the other for Speed, 239 

providing a clear and simplified view of the data 240 

for the user. 241 

The final screen, Feedback_Bot, is one of the ap-242 

p's most valuable features.  243 

Having a robot that offers such precise feedback 244 

based on real-time and historical data is an ex-245 

ceptional tool for any athlete looking to enhance 246 

their performance. 247 

                                   Start 

                                       | 

                         ----------------------------- 

                | Select Performance Metrics (6) | 

                         ----------------------------- 

                                       | 

                       Dynamic (Real-Time)? 

                                     /    \ 

                               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 
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 248 

 249 

The Feedback Bot screen includes a robust mes-250 

saging feature. This allows users to interact with 251 

the bot by sending messages if they have any 252 

questions or need additional explanations about 253 

their performance metrics. 254 

When the user presses the top right button, an-255 

other screen appears, presenting recent feed-256 

backs categorized by day.  257 

3. Results and discussion 258 

The device's capabilities will be critical for per-259 

formance monitoring. Data collected will enable 260 

continuous tracking and facilitate timely inter-261 

ventions to enhance performance and prevent in-262 

juries.  263 

Figure 4: The prototype of a device for tracking and 264 

monitoring athletes' performance. 265 

 266 

The integration of a user-friendly application 267 

and cloud-based connectivity further enhances 268 

the device's utility. Athletes and coaches will 269 

benefit from remote monitoring capabilities by 270 

making informed decisions regarding training 271 

adjustments. 272 

Footracker       

device 

Heart-rate 

  watch 
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 273 

Figure 5: The mobile app “ FooTracker ” 274 

 275 

The potential for this device to empower athletes 276 

is immense. By providing detailed performance 277 

metrics, the technology will enable athletes to 278 

refine their skills and address specific areas for 279 

improvement. The project is positioned to con-280 

tribute significantly to the sports science field, 281 

with implications for injury prevention and per-282 

formance enhancement. 283 

4. Conclusions 284 

The development of this intelligent, portable de-285 

vice marks a significant advancement in sports 286 

technology. By merging advanced monitoring 287 

capabilities with user-friendly design, this study 288 

paves the way for a new approach to athlete per-289 

formance evaluation. Teams can leverage this 290 

technology to optimize training methods, en-291 

hance athlete performance, and mitigate injury 292 

risks. The future of professional sports will ben-293 

efit greatly from innovations that bridge the gap 294 

between technology and athletic performance. 295 

The development of this intelligent, portable de-296 

vice marks a significant advancement in sports 297 

technology. Teams can leverage this technology 298 

to optimize training methods, enhance athlete 299 

performance, and mitigate injury risks. The fu-300 

ture of professional sports will benefit greatly 301 

from innovations that bridge the gap between 302 

technology and athletic performance. 303 
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