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1. Introduction	
	

1.1 Problem	Statement	
	

Tradi+onal dodgeball gameplay faces challenges due to human physical limita+ons, inconsistent skill levels, 
and safety risks when targe+ng opponents at varying distances. Exis+ng automated sports systems lack 
integra+on of real-+me human tracking, adjustable launch power, and rota+onal targe+ng in a fixed body 
design, limi+ng their u+lity for compe++ve training or adap+ve recrea+onal play. The Dodgeball Bot aims 
to address these issues by enforcing controlled force limits for safety, overcoming human physical 
inconsistencies with automated precision, and enabling adap+ve gameplay through dynamic tracking and 
adjustable intensity. It will detect and track human torsos in real +me using computer vision and depth 
sensors, rotate a motorized turret to align the launcher with moving targets, and propel balls at adjustable 
speeds (10–20m range) while maintaining safety compliance. This system will provide consistent, 
repeatable training scenarios for skill development, enhance safety by elimina+ng erra+c throws and 
enforcing force limits, and allow customizable difficulty levels for recrea+onal or compe++ve use. The 
Dodgeball Bot combines fixed-body rota+onal targe+ng with real-+me tracking and variable power control, 
filling a gap in exis+ng sports robo+cs, and priori+zes safety without sacrificing performance, 
differen+a+ng it from sta+c or unregulated systems.	At the same +me, we solved the limita+on of serving 
speed caused by limited capacity and realized the fast automa+c con+nuous serving design that cannot 
be achieved by human power. 

1.2 Solution	Overview	&	Visual	Aid	

	

Figure 1: Visual Aid of the whole system 

The Dodgeball Bot is a sta+onary robo+c system designed to simulate compe++ve dodgeball scenarios 
with precision and adaptability. The total system is supposed to have Aim, Rotate, Power and Control 
subsystem. It employs computer vision and depth sensing through a camera and depth sensor to detect 
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human torsos and calculate target distance. A motorized turret, powered by a high-torque servo or stepper 
motor, rotates the launcher horizontally to align with moving targets. The adjustable launch mechanism 
uses rubber wheels to propel balls at controlled veloci+es, modulated by distance-based PID control. A 
centralized controller manages sensor input, turret rota+on, and launch parameters to ensure seamless 
opera+on. The system dynamically adjusts aim and power in real +me, offering a safe yet challenging 
experience for users. 
 
1.3 High-Level	Requirements	List	
The Dodgeball Bot system shall meet the following requirements: 

(1) Accuracy Requirement: 

• Achieve 100% accuracy in hibng sta+onary human-sized torso targets at distances of 10–20 meters. 

• Have a 75% accuracy of hibng a target below 10 kilometers an hour at distances of 10–20 meters. 

(2) Speed Configura>on: 

• Propel balls at configurable speeds between 60–80 km/h, with automa+c calibra+on based on target 
distance. 

(3) Mobility Performance: 

• Turret rota+on capability of 120° within 1 second  

• Target reacquisi+on +me for moving targets under 0.5 seconds 

(4) Safety & Durability: 

• Compliance with biomechanical force limits to prevent injury 

• Mechanical reliability for beyond 1,000 consecu>ve launches without failure	 	
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2. Design	
	

2.1 Block	Diagram	
	

	

Figure 2: The block diagram of the whole system 

The Dodgeball bot is supposed to have four subsystems such as Aim, Rotate, Power and Control. Each 
subsystem should have their specific func+on and their need necessary connec+on between them. Here 
is our simple Block diagram. 
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2.2	Aim	System	
The aiming system is responsible for real-+me detec+on and tracking of human targets and calculates 
target loca+on informa+on to guide the firing system. It employs a computer vision-based solu+on to 
achieve human detec+on, distance es+ma+on, target locking, and dynamic tracking. 
 

	
Figure 3: The block diagram of the aiming system 
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2.2.1	 Hardware	Support	
Visual Sensor: RGB Camera (1080P, 3.6mm, 120°), connected via USB. 
Processing Unit: A personal computer running Python scripts. 
Communica+on Interface: USB-to-TTL Serial Module (connected to STM32). 
 

Requirements Verification 
1. The camera shall maintain 120°±5° horizontal 
FOV. 
2. Processing unit shall execute YOLOv8 at ≥15fps. 
3. STM32 shall receive angle data within 50ms of 
capture. 

1. Measure with protractor at 1m distance, edge-
to-edge angle = 120°±3° 
2. Run benchmark.py with monitoring and frame 
time measurement, average inference time 
≤66ms. 
3. With timestamped packets and logic analyzer 
trace, end-to-end latency ≤50ms. 

 
2.2.2 Human	Detection	
The code uses the YOLOv8 model to detect humans in real +me. 
 

 
Figure 4: Working principle of YOLOv8 model 



6	

Requirements Verification 
1. The system shall detect human figures within 
10-20m range. 
2. Processing latency shall be ≤50ms per frame. 
3. Shall maintain ≥15 FPS throughput. 

1. Place test subjects at varying distances (5m, 
10m, 15m, 20m), there should be ≥90% detection 
rate at 10m, ≥80% at 20m. 
2. Measure inference time using system 
timestamps, average latency should ≤50ms over 
1000 frames. 
3. Run continuous detection for 5 minutes, 
sustained FPS ≥15 with <10% variance. 

 

2.2.3 Target	Locking	Logic	
Once a human is detected, the code calculates the bounding box of the human and determines the 
distance between the human and the camera's center point. Ini+ally, the code selects the person closest 
to the camera's center point as the locked target. Aper locking onto a target, the system maintains this 
lock for a set dura+on (15 seconds) without switching targets. Aper this dura+on, regardless of whether 
the current target is s+ll the closest, the code switches to lock the next closest person. If only one person 
is present in the camera's view, they remain the locked target. However, if this person has been locked for 
over 15 seconds and another person enters the frame, the code immediately switches to the newly 
entered person. 
 

Requirements Verification 
1. Initial lock on closest target to image center. 
2.  Immediate switch to new targets after lock 
timeout when available. 
3. Single target persistence when no alternatives 
exist. 

1. Introduce multiple test subjects 
simultaneously, selects target with 
min(pixel_offset) in first frame. 
2. Introduce new target at >15s mark, switches 
within 3 frames (≤200ms) of new target 
appearance. 
3. Single subject test for >15s, maintains lock 
indefinitely until target exits frame. 

 
2.2.4 Distance	Estimation	
The distance to the target is es+mated using the height of the YOLOv8 detec+on box (already implemented 
in the code). The formula used is:   
 

distance	 = 	
AVG_HUMAN_HEIGHT	 × FOCAL_LENGTH	

box_height
 

 
where ̀ AVG_HUMAN_HEIGHT` is the average human height (1.7 meters), and ̀ FOCAL_LENGTH` is the focal 
length of the camera in pixels. 
 

Requirements Verification 
1. Estimate distance with ±10% accuracy within 
10-20m. 

1. Compare with laser rangefinder 
measurements, error ≤±1m at 10m, ≤±2m at 20m. 
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2.2.5	 Dynamic	Tracking	
Aper locking a target, the code uses MediaPipe for pose es+ma+on, calcula+ng the shoulder and hip 
keypoints to determine the torso center of the target. The code calculates the offset of the torso center 
from the camera's center point and converts this offset into an angle (in radians), which is used to 
dynamically adjust the aiming direc+on. When the offset consistently remains below a set threshold, the 
system determines that the target is successfully locked and sends a signal indica+ng that firing is possible. 
 

Requirements Verification 
1. Accurately track and lock onto human targets 
within 20m range. 
2. Update rate ≥10Hz for moving targets. 

1. Achieve 100% hit rate for stationary single 
targets within 20m." 
2. "Maintain 80% hit rate against targets moving 
at 1m/s." 
3. Sinusoidal target motion at 1m/s, tracking lag 
≤0.1s phase delay. 

 
 
 
 
2.3 Rotate System 
The core concept behind the rota+ng mechanism is to replicate the dual-axis movement found in tripod 
head designs, enabling precise control over both horizontal and ver+cal rota+on. This design ensures 
smooth and stable adjustments, allowing the system to track targets or reposi+on efficiently. To achieve 
omnidirec+onal aiming, the yaw and pitch axes will be driven by GM6020 DC motors [1]. These motors are 
selected for their high torque output and precise control, making them well-suited for handling dynamic 
movement requirements. Their robust performance ensures that the aiming mechanism remains 
responsive and accurate, even under varying opera+onal condi+ons. By integra+ng this dual-axis rota+onal 
system, the firing mechanism gains full freedom of movement, significantly enhancing its versa+lity and 
effec+veness. Whether for manual control or automated tracking, this design allows for rapid and accurate 
adjustments, ensuring op+mal targe+ng capabili+es. If things get out of hand, consider using an DM-
J6006-2EC motor, which costs similarly but provides greater torque, as backup plan. 

 

Figure 5: GM6020 
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(1) Requirement 1: Sufficient torque 
The weight change caused by the recoil and the difference in the amount of ammuni+on requires sufficient 
torque to offset 

(2) Requirement 2: Sufficient steering angle 

The yaw axis needs to have a rota+on capability of at least 150°, and the pitch axis should also have a pitch 
angle range of at least 60° 

2.4 Power	System	
The firing mechanism is designed based on the principles of a ball launcher, u+lizing fric+on wheels as the 
primary propulsion method to ensure that the projec+le’s velocity remains both stable and controllable. 
This approach allows for precise speed adjustments and consistency in performance, reducing variability 
in projec+le trajectory. 
In the ini+al design, projec+les are intended to be manually loaded one at a +me, ensuring simplicity and 
reliability in early stage tes+ng and opera+on. However, if condi+ons allow, an automa+c feeding system 
using a bullet tray will be implemented to enable rapid, con+nuous firing. This would significantly enhance 
the system’s efficiency, reducing the need for manual interven+on while increasing the rate of fire. 
Regarding the fric+on wheels’ power source, the selec+on of motors is s+ll under considera+on. The 
preliminary plan is to use two M3508 motors, which are expected to provide sufficient torque for the 
system’s opera+onal demands. These motors come with a well-developed speed controller, which not only 
ensures precise speed regula+on but also simplifies the coding process. This integra+on should enhance 
system stability while minimizing development effort. 

(1) Requirement 1: Stable fric+on wheel rota+on center 
In order to ensure that the launching mechanism provides constant momentum, the distance between the 
fric+on wheels must be fixed to maintain a reliable and sufficient ini+al velocity. 

	
Figure	6:	DM-J6006	
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Figure 7: An image of M3508 

 

Figure 8: The simple datasheet of M3508 

(2) Requirement 2: Reliable shock absorp+on system 
The vibra+on during the accelera+on process will cause serious momentum waste and direc+onal 
devia+on, resul+ng in the inability to achieve the required stable ini+al velocity and direc+on. At a long 
distance, this degree of devia+on is enough to affect the launch accuracy. 
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2.5 Control	System	

 

Figure 9: An image of STM32 

We predict to select STM32H743 as our microcontroller[3]. As the core hub of Dodgeball Bot, the control 
subsystem coordinates the opera+on of each subsystem through hardware interface and algorithm. It 
receives LD2450 millimeter wave radar data (10 frames/SEC) from the aiming subsystem in real +me 
through the UART3 interface, analyzes the target coordinates and speed informa+on, and converts it into 
the control instruc+ons of the rota+on subsystem. The control subsystem connects the GM6020 motor of 
the rota+on subsystem and the M3508 fric+on wheel motor of the power subsystem through the dual 
CAN bus (CAN1/CAN2), and sends the Angle sebng value and speed command respec+vely. CAN1 controls 
the horizontal/pitch shap motor to realize the fast steering of 120°/ SEC. CAN2 adjusts the speed of the 
fric+on wheel to maintain the ejec+on speed of 60-80km/h; At the same +me, the temperature and 
current sensor data are monitored and fed back to the microcontroller in real +me, triggering an 
emergency stop or power limit to meet biomechanical safety standards. 

The Control Subsystem serves as the central hub of the Dodgeball Bot, integra+ng data from the Aim 
Subsystem (via RGB camera) and orchestra+ng the Rotate and Power Subsystems through precise motor 
control. Using the STM32F103ZET6 microcontroller, it processes real-+me target coordinates, calculates 
motor commands, and ensures seamless communica+on across subsystems. The block diagram below 
illustrates its role: 
 

 
Figure 10: Control subsystem diagram 
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2.5.1 Microcontroller	
In the Dodgeball robot system, the STM32F103ZET6 microcontroller is the core compu+ng unit integra+ng 
data processing, real-+me control and system coordina+on. Its 32-bit ARM Cortex-M3 architecture and 
rich peripherals perfectly meet the project requirements. Become a key hub connec+ng the "percep+on 
layer - decision layer - implementa+on layer". Its efficient data processing capability, mul+-protocol 
communica+on interface and hardware-level security mechanism not only support the key func+ons of 
real-+me target tracking and closed-loop control, but also become the ideal choice for system design with 
high cost performance and stability. 
 

Requirements Verification 
1. The time interval between receiving RGB 
Camera information and sending control 
instructions via the CAN bus is less than 50ms 
2. The communication rate of CAN reaches 
1Mbps, and the communication rate of UART 
reaches 115,200bps 
3. Run 1000 consecutive control instruction 
sending operations without crash or stalling 

1. Multiple measurements, the average time 
interval is less than 50ms, and the maximum value 
of each measurement is not more than 60ms 
2. The rate of the CAN bus signal is stable in the 
range of 1Mbps±5%, and the rate of the UART bus 
signal is stable in the range of 115,200bps ±5% 
3. During use, the number of crashes or stalling is 
zero 

 
2.5.2 CAN	Bus	Module	
In the Dodgeball robot system, the closed-loop high-speed CAN Bus module is the key data channel 
connec+ng the control core (STM32 microcontroller) and the actuator (GM6020 rotary motor, M3508 
launch motor). Its core func+on is to ensure the accurate tracking and striking of the dynamic target by 
high-speed and reliable two-way data interac+on and real-+me closed-loop control. Its high speed and 
low delay two-way data interac+on capability not only provides real-+me guarantee for dynamic target 
tracking, but also ensures high precision and stability of mechanical execu+on through closed-loop 
feedback mechanism, becoming a key bridge connec+ng "percep+on - decision - execu+on", suppor+ng 
the high performance of the system in compe++ve training and entertainment scenes. 
 

Requirements Verification 
1. The error rate of control signal transmission is 
less than 5%, that is, no more than 10 error signals 
in every 1000 control signals. 
2. The communication delay with 
STM32F103ZET6 is less than 10μs. 
 

1. When encountering a stationary or moving 
person at less than 1m/s, the engine can only fail 
five times out of 100 aiming and firing processes. 
2. For multiple measurements, the average delay 
is less than 10μs, and the maximum value of each 
measurement is not more than 15μs. 

 
2.5.3 UART	signal	transfer	
In Dodgeball robot system, UART signal transmission is a key data link connec+ng the PC-side vision 
processing unit (YoloV8 algorithm) and the STM32 control core. Its core role is to accurately transmit the 
target informa+on extracted by the vision system to the control layer through real-+me and reliable one-
way data interac+on. Support full process control of dynamic target tracking and a{ack. From pixel-level 
image recogni+on to physical space perspec+ve calcula+on, from algorithm output to hardware execu+on 
of cross-system collabora+on, the stable opera+on of UART signal transmission ensures that the robot 
maintains high precision strike capability in complex environments. 
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Requirements Verification 
1. Data is transmitted continuously for 10 
minutes. No data is lost. 
2. The data transmission is correct, and the 
horizontal and vertical deviation error of the 
character from the camera center is less than 5%. 

1. In the process of use, continuous 10 minutes, 
the received data is complete, no packet loss 
phenomenon. 
2. In the process of use, the actual measurement 
of the character and the camera position 
deviation. | Data deviation - Actual deviation |/ 
Actual deviation is less than or equal to 0.05. 

	

	

	

2.6 Schematics	

 
Figure 11: STM32 ConnecLon 

 

 
Figure 12: UART receive 
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Figure 13: CAN CommunicaLon 

 

 
Figure 14: Power supply 
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2.7 Tolerance	Analysis	
The most cri+cal part of the Dodgeball Bot project is the human movement predic>on and accurate ball 
launching system. This component integrates sensor data processing, real-+me target tracking, movement 
predic+on, and precise launch mechanism control. Failure in this subsystem would render the en+re 
robo+c system ineffec+ve, as it directly impacts the system’s primary func+on of simula+ng compe++ve 
dodgeball scenarios. 

(1) Design-Level Risks 

(a) Sensor Data Accuracy: The precision of the LD2450 radar, camera, and depth sensor data directly 
affects the system’s ability to track targets and predict their movements accurately. 

(b) Algorithm Robustness: The movement predic+on algorithm must efficiently process large volumes of 
data in real-+me while maintaining accuracy. 

(c) Dynamic Environment Handling: The system must manage mul+ple moving targets and poten+al 
obstruc+ons, increasing the complexity of target tracking and predic+on. 

(d) Mechanical Precision: The launch mechanism must convert predicted target posi+ons into accurate 
launch parameters, considering factors like distance, angle, and ball velocity. 

(2) Movement Predic+on 

For a target moving with constant velocity: 

 p(t) = p0 + v0(t−t0) (1) 

For a target with constant accelera+on: 

 p  (2) 

(3) Launch Parameter Calcula+on 

The required launch velocity v to hit a target at distance d and height h: 

  (3) 

(4) Simula+on and Valida+on 

Physical calcula+ons validate the system’s ability to track moving targets, predict posi+ons, and calculate 
launch parameters. Results show the system can accurately track targets and predict movements within 
required tolerances. Launch simula+ons confirm ball trajectories can hit predicted target posi+ons. 

(5) Conclusion 

The Dodgeball Bot’s design for predic+ng human movement and launching balls accurately is feasible. 
Mathema+cal analysis and simula+ons demonstrate the system can achieve required accuracy and 
reliability. Future work will focus on hardware implementa+on and real-world tes+ng to refine 
performance. 
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3. Cost	
 

Part  Cost (rmb) 
RGB Camera (1080P, 3.6mm, 120°), with 5m USB connect wire . 90 

USB-to-TTL Serial Module (connect PC to STM32) 30 

All PCB components (STM32, TJA1051, CH340 and others) 164 

Portable power source 200 

Motors 1700 

Carbon plate 300 

Total cost 2484 
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4. Schedule	
 

Week Haoxiang Tian Yuxuan Xia Yujie Pan Chengyuan Fang 
2/24 Select 

STM32F103ZET6 chip 
to control 

learn the power 
requirements of 

components 

Vision Recognition 
Solutions Design 

Parameter 
calculation, 
component 

selection 

3/3 Learn CAN 
communication basic 

knowledge 

Understand how 
the components 
are connected 

Infrared Vision Solution 
Research 

3/10 Establish CAN closed 
loop 

design the circuit 
to meet the 

power 
requirements of 

components 

Human Tracking Software 
Solution 1 Selected: YOLO 

3/17 Learn USAT vision 
transfer signal 

Version 1 Hardware 
Selected: Raspberry Pi + 

RGB Camera 

CAD Model 
drawing, 3D 
printing and 
adjustment 

3/24 Establish total PCB to 
control Complete circuit 

design and PCB 
plate welding 

Completed and ordered 
Version 2 hardware: PC + 

RGB Camera 
3/31 Build the engineering 

framework of STM32 
HAL library 

Develop human tracking 
software solution: YOLO + 

MediaPipe 
 4/7 Learn HAL library and STM32CubeIDE 

software 
4/14 Write total code to receive, process and 

send data 
Conduct PC-side testing 

for human tracking 
software 

 
4/21 Joint debugging with aiming and motors Make core parts 

prepared 
4/28 Actually test and improve the code Achieve STM32-

compatible output 
Whole model 
under testing 

5/5 Verify key indicators against 
requirements documents Prototype testing Prototype testing 

with code 
5/12 Final presentation preparation 
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5. Ethics	and	Safety	
	

5.1	Ethics	
	

The Dodgeball Robo+cs program is designed to create a sta+onary dodgeball launcher for training and 
children’s play, and as such must adhere to a code of ethics. 
Privacy is the primary concern. The machine is currently designed to use radar sensors for tracking and 
therefore does not involve image data collec+on func+ons. However, if we were to increase the use of 
cameras at a later stage, we would need to anonymize the data, ensure consent is obtained, and limit the 
use of the data to the scope of the study. 
We are commi{ed to fairness and inclusion. The targe+ng system needs to be designed to prevent bias 
based on body size, gender or ethnicity[2]. This requires rigorous tes+ng with diverse par+cipants and 
improved targe+ng features to ensure fair performance. 
Environmental impact is also considered. We will use environmentally friendly materials, design energy-
efficient solu+ons, and plan for proper disposal and recycling to minimize harm to the environment. In 
addi+on, we will ensure that machines are used responsibly as training or recrea+onal tools, promo+ng 
posi+ve values rather than violence. We will work with the community to listen to feedback and comply 
with regula+ons. In short, we are commi{ed to crea+ng a safe, inclusive and responsible program. 

5.2 Safety	
The feeding mechanism and the barrel must be equipped with protec+ve shielding to eliminate the risk of 
accidental injuries caused by unintended discharge or exposure to moving parts. This shielding should be 
robust enough to withstand poten+al malfunc+ons while ensuring that personnel opera+ng or working 
near the system are not endangered. 
All other electronic components should be strategically posi+oned in areas that remain inaccessible during 
regular opera+on, only becoming reachable when maintenance procedures are explicitly carried out. This 
design choice prevents unauthorized tampering or accidental interac+ons that could compromise the 
system’s integrity and safety. 
While the mass of the projec+le is constrained within a safe limit, ensuring it does not pose an inherent 
danger upon impact, the velocity at which the projec+le is launched remains a cri+cal factor. Specifically, 
the rota+onal speed of the firing mechanism must be capped at a predefined threshold to mi+gate the 
risk of unintended injuries. A projec+le moving at excessive speeds, even within a controlled mass range, 
could s+ll cause harm in certain scenarios, especially in confined spaces or near personnel. By 
implemen+ng these limita+ons, the system can operate within a controlled and predictable safety margin, 
reducing the likelihood of unforeseen hazards. 
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