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ABSTRACT 

Technological developments worldwide have had a significant impact on various aspects of life, including 

sports. One of the most popular sports is tennis. However, the use of technology in sports training is still 

limited, especially in the implementation of automated systems that can improve the efficiency and 

effectiveness of athlete training. Therefore, in this study, a smart tennis ball launcher based on You Only 

Look Once (YOLO) as an image processing technology was designed. This tool aims to provide new 

innovations in athlete training, while also assisting coaches in developing more effective training programs. 

This system uses several hardware components such as Arduino UNO, DC Motor, Servo Motor MG995, 

Driver BTS7960, and a camera as the main sensor. Meanwhile, the software used includes Arduino IDE to 

control the hardware, and Visual Studio Code with the Python programming language to implement the 

YOLO algorithm in detecting player positions. The results of this study show that the device is able to launch 

tennis balls to four predetermined areas of the court, according to the player's position detected by the 

camera. Thus, this tool can be an automated solution in more accurate and efficient tennis training. 

Keywords:  YOLO; Image Processing; Python Programming; Object Detection; Arduino UNO

1. INTRODUCTION  

Tennis is a sport played on a rectangular court, with two players (singles) or two pairs (doubles) facing each other. Players 
use rackets to hit the ball over the net and bounce it back to the opponent's side to score points. Victory in a tennis match is 
determined by a player's ability to control the ball and place it in a difficult-to-return area of the opponent's court. Therefore, 
intensive and innovative training is essential to improve athletes' technical and tactical skills. With the advancement of 
technology, the world of sports has also begun to utilize technological innovations to improve training effectiveness 
[1][2][3][4][5]. However, in tennis training, the application of automation technology is still limited [6][7][8][9][10]. Generally, 
existing ball-launching devices have limitations in terms of ball direction and speed variation, and do not utilize real-time player 
position detection systems. This leads to a lack of personalization in training programs, thus not fully supporting improved 
athlete performance. 

Image processing is a technique for processing digital images using a computer so that they can be analyzed, modified, or 
utilized for specific applications such as object recognition, face detection, or image enhancement [11][12][13][14][15]. The 
main objectives of image processing are to improve image quality (e.g., remove noise or clarify details), extract important 
information from images (e.g., recognize objects, patterns, or shapes), and transform images for technical purposes, such as 
rotation, scaling, segmentation, or color conversion [16][17][18][19][20]. 

Therefore, this study designed a smart tennis ball-launching device based on the You Only Look Once (YOLO) system. 
This tool is designed to provide more dynamic and specific training variations based on the player's position and movement, 
detected in real-time via the camera. By utilizing the YOLOv3 algorithm, the system is able to accurately detect the player's 
position and automatically control the direction and speed of the ball throw. This system consists of several hardware 
components, such as an Arduino UNO, a DC motor, an MG995 servo motor, a BTS7960 driver, and a camera as the primary 
sensor. The software used includes the Arduino IDE for hardware control and Visual Studio Code (Python) for implementing 
the YOLOv3 object detection algorithm. Research Contribution: 

 Technological Innovation in Tennis Training: Development of a ball thrower that can adapt to the player's position 
in real-time. 

 Improved Training Effectiveness: The tool is capable of throwing the ball to four predetermined areas of the court, 
based on the player's position detected by the camera. 

https://creativecommons.org/licenses/by-sa/4.0/
https://creativecommons.org/licenses/by-sa/4.0/
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 Training System Automation: Provides more consistent and varied training patterns, helping athletes improve their 
fundamental technical skills and reactions to balls coming from various directions. 

 AI-Based Approach: Utilizes the YOLOv3 image processing algorithm to support an accurate and responsive 
object detection system. 

This automation system is expected to provide an innovative solution for more effective, efficient, and personalized tennis 
training, as well as assist coaches in developing more targeted and data-driven training programs.  

2. METHOD 

2.1. YOLO  

YOLO (You Only Look Once) is a deep learning-based object detection algorithm known for its speed and accuracy 
[21][22][23][24]. Unlike previous object detection approaches such as R-CNN and Fast R-CNN, which operate in stages (region 
detection and then classification), YOLO performs object detection in a single process (end-to-end). This algorithm views the 
image as a whole and immediately predicts the bounding box and class label for each object detected in the image 
[25][26][27][28][29][30]. YOLO has the following advantages: 

 Fast: Suitable for real-time applications, such as surveillance, drones, and autonomous cars. 

 Accurate: Has high accuracy. 

 Efficient: Requires fewer computational resources than two-stage detection methods. 
 

2.2. Python 

Python is a high-level, open-source programming language designed to be easy for humans to read and 
write[31][32][33][34][35]. Developed by Guido van Rossum and first released in 1991, Python is very popular due to its simple 
syntax, making it suitable for both beginners and professionals[36][37][38][39][40]. Python is designed with the philosophy of 
ease of use and code readability, making it ideal for both beginners and professionals [41][42][43][44][45]. Python's 
characteristics and advantages include: 

 Simple, English-like syntax. 

 Extensive community support and rich documentation. 

 Interpretive language: no need to compile; just run. 

 Portable: can run on Windows, macOS, Linux, etc. 

 Open source: free and can be developed by anyone. 

 Large library support: such as NumPy, Pandas, TensorFlow, Django. 
 

2.3. Microcontroller 

A microcontroller is a small computer chip (IC - Integrated Circuit) that contains a processor (CPU), memory (RAM 
and ROM/Flash), and input/output (I/O) in a single package [46][47][48][49][50]. Microcontrollers are used to 
automatically control electronic devices, such as washing machines, TV remotes, alarm systems, robots, and IoT devices. 
Example of popular microcontroller can be seen in Table 1. Main Microcontroller Components 

 CPU (Central Processing Unit): The main brain that executes program instructions. 

 RAM: For temporary data storage while the program is running. 

 ROM/Flash: Stores permanent user-written programs. 

 I/O Ports: For interacting with the outside world (sensors, motors, LEDs, etc.). 

 Timers/Counters: For calculating time, delays, or counting pulses. 

 ADC (Analog to Digital Converter): Converts analog signals (e.g., from a temperature sensor) to digital. 

 Serial Communication: Such as UART, SPI, and I2C for communicating with other modules. 

TABLE 1.  EXAMPLES OF POPULAR MICROCONTROLLERS 

Mikrokontroler Information 

ATmega328P Arduino Uno 

ESP32 / ESP8266 Supports Wi-Fi & Bluetooth, ideal for IoT 

STM32 High performance, used in industry and real-time systems 

PIC Widely used in industry and automation 

RP2040 Chip from the Raspberry Pi  
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2.4. DC Motor 

A DC motor (direct current motor) is an electric motor that converts direct current (DC) electrical energy into mechanical 
energy[51][52][53][54][55]. DC motors are used in various devices such as fans, robots, toys, electric vehicles, and 
automatic control systems. Parts of a DC Motor: 

 Armature : a rotating coil through which current flows. 

 Stator : the part that produces a permanent magnetic field. 

 Commutator : a two-ringed ring that changes the direction of the current in the armature. 

 Brushes : carbon or metal parts that connect the power source to the commutator. 

 Shaft : the point where mechanical power (rotation) is output. 
Types of DC Motors 

 Brushed DC Motor: Common and inexpensive. Uses a commutator and brushes. More frequent maintenance due to 
brush wear. 

 Brushless DC Motor (BLDC): Brushless; more efficient and durable. Used in drones, computer fans, and electric 
vehicles. 

 Control is more complex (using an electronic controller). Servo Motor (DC-based), Equipped with a position control 
system and Suitable for robotics and precision control. 

 Geared DC Motor: Equipped with a gearbox to reduce speed and increase torque. 
 

2.5. Switched-Mode Power Supply (SMPS) 

 A Switched-Mode Power Supply (SMPS) is an electronic power supply that converts electricity from one form to another 
with high efficiency using switching components (such as transistors) that operate at high speeds (on/off) 
[56][57][58][59][60]. SMPSs are used in various electronic devices such as computers, TVs, cell phone chargers, printers, 
and industrial systems. The function of an SMPS is to convert and regulate input voltage (AC or DC) into a stable output 
voltage (DC), with high efficiency and a smaller physical size than a linear power supply. The advantages of an SMPS 
include: High efficiency (>80%) due to minimal energy wasted as heat, Smaller and lighter size than a linear transformer, 
Flexible output voltage (can be step-up, step-down, or isolated), Easier cooling due to less heat. Types of SMPS include 
Buck Converters (step-down voltage), Boost Converters (step-up voltage), Buck-Boost Converters (increase or decrease 
voltage), Flyback Converters (common in adapters and chargers), Forward Converters, Push-Pull Converters, Half-Bridge 
Converters, and Full-Bridge Converters (used in high-power SMPSs). The Figure 1 is SMPS flow diagram 

 

Figure. 1.  SMPS flow diagram 

3. PROPOSED METHOD 

This study uses a system design method to develop a smart tennis training device based on YOLOv3 and a microcontroller. 
The design consists of hardware (Mechanical & Electrical) and software design. The hardware consists of an Arduino Uno, a 
JGY-370 DC motor, an RS-775 DC motor, a BTS7960 motor driver, a 12V 20A SMPS, and a smartphone camera as a visual 
sensor. The software was developed using Python with the YOLOv3 library for object detection and the Arduino IDE for 
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microcontroller programming. The goal of this research is an automatic control system for a tennis training device capable of 
responding to player movements based on visual detection from the camera. The study was conducted on a prototype device 
tested in a simulated tennis court environment. The software used is: (1) VS Code, (2) Arduino IDE, (3) Python. Meanwhile, 
the hardware used is: (1) Arduino Uno, (2) RS-775 DC Motor, (3) JGY-370 DC Motor, (4) BTS7960 Motor Driver, (5) 12 Volt 
20 Ampere SMPS, (6) Camera, (7) Laptop. The Detail of device can be seen in Figure 2, Figure 3 and Figure 4. 

 

Figure. 2.  Overall System Block Diagram 

 

Figure. 3.  Hardware Design 

Data was analyzed quantitatively based on mechanical test results, YOLOv3 detection accuracy, and control system 
response. Measured parameters included motor speed (RPM), player detection accuracy, and the system's effectiveness in 
adjusting the ball's throw direction based on the player's position on the court. This research aimed to test a microcontroller- 
and YOLOv3-based tennis ball throwing machine automation system through a series of tests. Mechanical testing was 
conducted to ensure the machine's frame assembly was in the correct position for proper function. Next, DC motor control 
testing was conducted to measure the time required for the motor to reach the ball's drop point, according to the designed 
program. Testing the YOLOv3 detection system was also a crucial part of this research, where the system was tested to detect 
objects on the tennis court and send signals to the microcontroller to trigger the machine's operation. The testing process 
consisted of several stages, including object detection using the YOLOv3 bounding box, motor RPM measurement, response 
time analysis for processing each frame, and control simulations that utilized YOLOv3 detection results for automated decision-
making. Through these various testing stages, the system is expected to work optimally in supporting automatic tennis training 
and increasing the effectiveness of training for players. 
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Figure. 4.  Hardware Design 

4. RESULT AND DISCUSSION 

Research on a tool or machine is conducted to determine its performance. The results can be analyzed into key points and 
conclusions can be drawn. The research and discussion chapter explains the testing process for the tool, including YOLO 
response testing and device testing. The goal of testing is to ensure the proper functioning of the automated tennis ball throwing 
machine. Therefore, accurate data is needed to compare the test results with manual calculations. 

4.1 YOLO detection testing 

This test aims to evaluate the accuracy and detection time of YOLO. Test results in four areas of the field showed good 

accuracy and an average detection time of 5-8 seconds. YOLOv3 successfully detected players or objects marked with a green 

box. When an object is detected, marked with a green box, the data is sent to the microcontroller to execute the ball throw. 

Objects tend to be easier to detect due to their larger size and clearer color contrast against the background. Below are images 

and the time required for positions 1-4. It can be seen in Figure 5. 

 

 
(a) 

 

 
(b) 

 
(c) 

 
(d) 

Figure. 5.  YOLO response testing a) Position 1 b) Position 2 c) Position 3 d) Position 4 
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4.2 Device Testing 

Hardware is any type of component that is physically visible or tangible on a device or machine. Hardware testing aims 

to determine whether the components in the device are functioning as expected. Hardware testing consists of mechanical 

testing and electrical testing. 

 

4.3.1 Mechanical Testing 

In the mechanical testing section, the operation of the frame assembly is examined in detail to ensure that the mechanical 

assembly is in the correct position and functioning properly. If the frame assembly is misaligned, the device will not function 

properly. The frame or body of this tennis ball throwing machine consists of iron plate, hollow iron, PVC, wood, and 

aluminum foil. For mechanical testing, it can be seen in Figure 6. 

 

 
(a) 

 
(b) 

Figure. 6.  The throwing mechanism can move to a) the right b)left 

4.3.2 Electrical Testing 

This electrical test involves automatic control testing, with data collected in the form of distance and speed (rpm) required 

by the roller. Current and voltage testing, which measures the voltage and current values in the power circuit, and throw 

distance based on roller speed (rpm), are also performed. The ball throwing position can be seen in Figure 7. Details of the 

speed data in the test can be seen in Table 2. 

 

Figure. 7.  Ball Drop Mapping 
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TABLE 2.  ROLLER SPEED TESTING 

 Testing Position Ejection Speed (RPM) Image 

1 

3616 

3614 
3612 

3621 

3622 
3615 

3610 

3621 
3612 

3625 

 

2 

3616 

3614 

3612 

3621 
3622 

3615 

3610 
3621 

3612 

3625 

 

3 

3439 

3440 

3435 

3420 
3425 

3430 

3437 
3421 

3429 

3428 

 

4 

3439 

3440 

3435 

3420 

3425 

3430 

3437 

3421 

3429 

3428 
 

 

Table 3 shows that the balls thrown and the speed of the thrower have different values but tend to have the same pattern. 

Based on the distance the ball falls on the automatic control, the calculation of the distance the ball is thrown at the first point 

of fall can be found using the Pythagorean formula. However, the results of these calculations will be compared with the 

results of the actual distance measurements that occur during the testing of the tool. In the automatic system hardware testing, 

a single game is played with 4 balls, with the aim of reaching 4 points on the field. Table 5 shows that the number of balls 

thrown, the duration of the game, and the speed of the thrower have different values. The higher the level of the type of game, 

the higher the speed of the thrower. Based on the distance the ball falls for the automatic game, the calculation of how far the 

ball is thrown at the first point of fall can be found using the Pythagorean formula. The data obtained are as follows. As an 

explanation, the meaning of "measured" is the actual value of the distance measured on the field, while the "calculated" value 

is the value obtained from the Pythagorean calculation. It can be seen in Figure 8.  
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Figure. 8.  illustration of tools with Pythagoras 

TABLE 3.  MAPPING THE DISTANCE THE BALL FALLS ON THE GRID 

Field plot 

position 

Tilt angle Ejection speed 

(RPM) 

Measurable 

(m) 

Counted 

(m) 

1 and 2 
24˚ 

 

3616 12.9 16.73 

3614 12.8 16.73 

3612 12.8 16.73 

3621 12.9 16.73 

3622 12.9 16.73 

3615 12.8 16.73 

3610 12.8 16.73 

3621 12.9 16.73 

3612 12.8 16.73 

3625 12.9 16.73 

 

 

 

 

3 and 4 

 

 

 

 

24˚ 

 

3439 9.8 16.35 

3440 9.7 16.35 

3435 9.7 16.35 

3420 9.6 16.35 

3425 9.7 16.35 

3430 9.8 16.35 

3437 9.8 16.35 

3421 9.6 16.35 

3429 9.7 16.35 

3428 9.7 16.35 

 

The difference in roller speed values at several points on the field is due to the PWM (Pulse Width Modulation) value being 

increased for each ball drop. The 8-bit PWM resolution on the Atmega2560 Arduino Uno chip ranges from 0-255. In game 

positions “1” and “2” the PWM value used is 250, while in game positions “3” and “4” the PWM value used is 200. To 

calculate the duty cycle value and output voltage (Vout) of the PWM pin used can be written using the following formula. 

Positions 1 and 2 

Duty cycle =
PWM

255
X100%   =

250

255
X100% = 98%  (1) 

 V𝑜𝑢𝑡 = Duty cycle x Vin = 98% x 5 V = 4.9 Volt (2) 

Positions 3 and 4 

Duty cycle =
PWM

255
X100%   =

200

255
X100% = 78%  (3) 

 V𝑜𝑢𝑡 = Duty cycle x Vin = 78% x 5 V = 3.92 Volt (4) 

 

Where Duty Cycle is Duty cycle percentage (0-255). Vout is PWM signal output voltage (volts). The SMPS power supply produces 

a voltage of 12.8 volts given directly to the DC motor because all DC motors used in the power supply device have an input 
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voltage of 12 Volts while 5 Volts are given to the control circuit via Arduino UNO, drivers and sensors used as voltage and 

current monitoring on the tennis ball throwing machine. The monitoring section is divided into two, namely current and 

voltage in the power circuit. The power circuit consists of a motor load source circuit that requires large power. The detail 

can be seen in Table 4. 

TABLE 4.  VOLTAGE TESTING WITH LOAD 

Roller Motor Speed (RPM) Power Circuit Voltage (Volts) 

Actual Value 

3616 12.51 

3616 12.51 

3439 12.50 

3439 12.51 

 

5. CONCLUSION 

This research successfully developed a smart tennis ball launching robot equipped with YOLO (You Only Look Once)-based 

intelligent control. The primary objective was to enhance training convenience and provide technological innovation for 

athletes. The system integrates several hardware components, including an Arduino UNO, DC motors, MG995 servos, a 

BTS7960 motor driver, and a camera. Based on the testing results and analysis of both the hardware and software components 

of the tennis ball launching machine, the following conclusions can be drawn The ball launching machine was successfully 

designed and controlled using an image processing system, effectively assisting players during training sessions,  The YOLO 

algorithm was able to accurately detect player positions within designated areas (1 to 4) and launch tennis balls accordingly 

with good precision, The automation system implemented in the tennis ball launcher represents a significant improvement in 

efficiency and functionality compared to the previous version, thereby enhancing athletes’ training effectiveness, and The 

system is capable of operating with PWM (Pulse Width Modulation) input values of 200 and 250, achieving a maximum 

motor speed of 3.625 RPM (Revolutions Per Minute). 
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