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A CHEAT FOR LOTTERY WHEEL BASED ON SERVO MOTOR CONTROL

Abstract
This project presents a precision-controlled lottery wheel system based on the STM32F103 microcontroller. The device features a motor-driven wheel divided into six equal segments labeled 1 through 6. A button input selects the target segment, and the wheel gradually decelerates to stop precisely at the selected position. The deceleration is achieved purely through motor control signals rather than external braking forces, ensuring a smooth, low error stopping process. The system allows adjustable deceleration profiles via firmware modification, enabling both sharp and subtle slowdowns. Experimental results demonstrate high accuracy, stability, and repeatability under varying target selections and deceleration parameters. The final implementation successfully meets the design goals of precision, responsiveness, and user control.
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[bookmark: _Toc198505007]1. Introduction
In various entertainment settings such as television shows, promotional events, and toys, a lottery wheel is a widely used tool for random selection or prize distribution. However, the existing solutions present limitations. Manually spun wheels lack precision and suffer from mechanical wear over time, while fully software-based solutions—though precise—can be expensive and may raise concerns about transparency or fairness among users.
To address these issues, we designed and built a servo motor-controlled physical lottery wheel system. The device consists of a 3D-printed wheel divided into six equal regions, labeled 1 through 6, and is driven by a servo motor controlled by an STM32F103 microcontroller. The system enables the wheel to stop precisely at a user-specified region via button input. Unlike traditional wheels, deceleration is achieved through motor control signals alone, ensuring smooth operation, minimal mechanical wear, and consistent accuracy. Moreover, the deceleration profile is fully programmable, offering adjustable user experience from subtle to dramatic slowdowns.
[image: ]This report will first detail the system’s design and hardware architecture, followed by software control strategies and motor control implementation. Subsequent sections present experimental results validating the system’s performance in terms of accuracy, response time, and reliability. The final chapter discusses the conclusions and suggests potential improvements and applications.
1.1 [bookmark: _Toc198505008]Visual Display










Figure 1.1. Physical Prototype of the Servo-Controlled Lottery Wheel System
[bookmark: _Toc198505009]1.2 Top Level Block Diagram
The system is organized into six major functional modules: Power Module, User Interface, Controller Module, Drivetrain Power Module, Sensor Module, and I/O Interface. Each module plays a distinct role in enabling accurate and programmable stopping of the physical lottery wheel. Figure 2 illustrates the logical interaction between these blocks.
The Power Module includes an AC-DC converter, a 24V/200W rechargeable battery system, and a voltage regulation stage. It ensures a stable 24V supply for the servo motor and a regulated 5V output for the control and logic circuitry. The system was designed to meet continuous operation requirements with minimal ripple (<1%) and sufficient thermal stability.
The User Interface Module contains input components such as pushbuttons and switches for selecting the desired target segment, as well as wireless receivers for remote control. The input system must register user commands with a latency of under 22 milliseconds and provide robust communication under environmental noise.
The Controller Module features an STM32F103 microcontroller that executes the core logic, including the PID-based deceleration algorithm. It processes user input, monitors sensor feedback, and generates PWM signals to control the servo motor. The control loop operates at ≥500 Hz and must maintain timing accuracy to ensure stop-position repeatability within ±1°.
The Drivetrain Power Module comprises an SG90 servo motor that drives the 3D-printed lottery wheel. It must achieve smooth spin-up and slowdown, stopping within 0.2 seconds of the command and hitting the target position with ±1° angular precision.
The Sensor Module was initially designed to include optical encoders and color sensors for high-resolution feedback on wheel motion. However, due to integration challenges during development, the final implementation relied on the servo’s internal feedback mechanism while reserving encoder expansion for future work.
The I/O Interface connects the controller to the motor driver and handles signal conversion and conditioning between logic-level control and actuation hardware.
Design Modifications During the Semester
Two main changes were made during the semester:
1. The external encoder and color sensor block was omitted due to hardware limitations and timing constraints. Internal servo feedback was used instead.
2. An early PC-based stop signal path was replaced by a button-controlled user interface for improved reliability and real-time responsiveness.
Overall, the system’s performance is most sensitive to control timing, power stability, and motor signal integrity—factors that were carefully considered in both hardware design and software implementation.
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Figure 1.2 and Figure 1.3: Diagram for Mechanical System & Control System
[bookmark: _Toc198505010]1.3 Subsystem Overview
The servo-controlled lottery wheel system is divided into five primary subsystems: Power, Control, Drivetrain, Sensing, and User Interface. Each subsystem serves a specific function and works in coordination to achieve precise, programmable stopping behavior.
The Power Subsystem is responsible for delivering stable voltage and current to the control board and servo motor. It converts AC power to 24V DC, ensuring reliable operation of the drivetrain components and regulated 5V supply for logic-level electronics.
The Control Subsystem centers around an STM32F103 microcontroller, which processes user input, executes deceleration algorithms, and generates PWM signals to control the servo motor. It acts as the central decision-making unit of the system.
The Drivetrain Subsystem includes an SG90 servo motor mounted beneath a 3D-printed wheel. This motor rotates the wheel to the target position and controls the deceleration curve based on signals from the control logic.
The Sensing Subsystem monitors the motor’s position and speed through the built-in feedback mechanism of the servo. Although no external encoder is used in the current version, the microcontroller interprets internal servo position data to ensure approximate stopping accuracy.
The User Interface Subsystem consists of a push-button input that allows users to select the target segment where the wheel should stop. Additional output features such as indicator LEDs may be included to show system status or feedback.
These subsystems communicate via control signals and power lines, coordinated by the firmware running on the microcontroller. Their collaboration ensures that the wheel spins smoothly and stops reliably at the specified position.

[bookmark: _Toc198499502][bookmark: _Toc198505011]2 Design
[bookmark: _Toc198505012]2.1Flow chart
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Figure 2.1: Flow chart for the Cheat System
[bookmark: _Toc198505013]2.2 Subsystem Descriptions
[bookmark: _Toc198505014]2.2.1 Power Subsystem
The Power Subsystem provides stable power to the system. It converts the external 12V input to the necessary levels for each module. It ensures sufficient current delivery and may include voltage regulation and overcurrent protection. Key connections are with the Control Subsystem (STM32), Motor Driver Subsystem (TC118S), Motor Subsystem, and User Input Subsystem.
[bookmark: _Toc198505015]2.2.2 Control Subsystem
The Control Subsystem, based on the STM32F103C8T6, is the system's core.  It processes input from the User Input Subsystem (6 buttons) and the Sensing Subsystem (Hall sensors) to control the Motor Driver Subsystem.  It performs button recognition, position/speed estimation, and implements control logic for accurate stopping. Output signals include PWM and direction controls to the motor driver.
[bookmark: _Toc198505016]2.2.3 Motor Driver Subsystem
The Motor Driver Subsystem uses the TC118S motor control module to convert control signals from the Control Subsystem into signals that drive the Motor Subsystem.  It controls motor direction and speed and may include enable control and current protection.  Input is from the Control Subsystem (enable, PWM, direction); output drives the motor.
[bookmark: _Toc198505017]2.2.4 Motor Subsystem
The Motor Subsystem converts electrical energy into the rotational motion that drives the roulette wheel. It receives power from the Motor Driver Subsystem and must handle the wheel's load.
[bookmark: _Toc198505018]2.2.5 Sensing Subsystem
The Sensing Subsystem uses Hall sensors to provide position and speed feedback to the Control Subsystem. It detects wheel position via magnets and measures speed from pulse frequency. Output is pulse signals with position/speed data.
[bookmark: _Toc198505019]2.2.6 User Input Subsystem
The User Input Subsystem consists of 6 buttons, each selecting a target stopping area. It translates button presses into electrical signals for the Control Subsystem.
[bookmark: _Toc198505020]2.3 Subsystem Requirements
[bookmark: _Toc198505021]2.3.1 Power Subsystem
Block Description: Provides stable power to all other subsystems.
Contribution: Delivers the necessary voltage and current to ensure reliable operation of all system components. Consistent operation of the drivetrain and control components.
Interfaces:
Connects to the Control Subsystem (STM32F103C8T6) to power the microcontroller.
Connects to the Motor Driver Subsystem (TC118S) to power the motor driver.
Connects to the Motor Subsystem (through the motor driver).
Connects to the User Input Subsystem (buttons).
Requirements:
Input Voltage: 12V DC (from external source).
Output Voltage: 12V DC (to other subsystems).
Output Current: Sufficient to supply all subsystems (to be determined based on total system power consumption).
Voltage Regulation: ±5% (maximum deviation from the nominal output voltage).
Ripple Voltage: <100mV peak-to-peak.
[bookmark: _Toc198505022]2.3.2 Control Subsystem
Block Description: Manages the overall operation of the roulette control system.
Contribution: Processes user input interprets sensor data, and controls motor movement for accurate wheel positioning.
Interfaces:
Receives input from the User Input Subsystem (buttons).
Receives feedback from the Sensing Subsystem (Hall sensors).
Sends control signals to the Motor Driver Subsystem (TC118S).
Requirements:
Microcontroller: STM32F103C8T6.
Input Processing Time: <1ms (time to process a button press or sensor reading).
Control Loop Frequency: ≥1kHz (frequency at which the control algorithm is executed).
Positioning Accuracy: Control the motor to stop the wheel within ±30 degrees of the target area.
Communication Latency: <5ms (delay in sending control signals to the motor driver).
[bookmark: _Toc198505023]2.3.3 Motor Driver Subsystem
Block Description: Controls the motor based on signals from the Control Subsystem.
Contribution: Amplifies control signals to drive the motor and may provide protection.
Interfaces:
Receives control signals from the Control Subsystem (STM32F103C8T6).
Drives the Motor Subsystem.
Receives power from the Power Subsystem.
Requirements:
Motor Driver IC: TC118S.
Input Voltage: 12V DC.
Output Current: Sufficient to drive the motor (specify based on motor's stall current).
Control Signal Compatibility: Must be compatible with the STM32's output signals (voltage levels, etc.).
Overcurrent Protection: Limit the output current to protect the motor.
[bookmark: _Toc198505024]2.3.4 Motor Subsystem
Block Description: Actuates the roulette wheel's rotation.
Contribution: Converts electrical energy into mechanical rotation.
Interfaces:
Receives drive current from the Motor Driver Subsystem (TC118S).
Mechanically coupled to the roulette wheel.
Requirements:
Operating Voltage: 12V DC.
Torque: Sufficient to accelerate and decelerate the roulette wheel (specify required torque).
Speed: Capable of achieving the desired rotation speed of the wheel.
[bookmark: _Toc198505025]2.3.5 Sensing Subsystem
Block Description: Provides feedback on the wheel's position and speed.
Contribution: Enables closed-loop control for accurate positioning.
Interfaces:
Detects the wheel's motion (e.g., via magnets).
Sends sensor data to the Control Subsystem (STM32F103C8T6).
Requirements:
Sensor Type: Hall effect sensors.
Sensing Frequency: ≥1kHz (rate at which position/speed data is sampled).
Position Resolution: Sufficient to achieve the required positioning accuracy (±30 degrees).
Output Signal: Digital pulse signals compatible with the STM32's input.
[bookmark: _Toc198505026]2.3.6 User Input Subsystem
Block Description: Allows user to select the target stopping area.
Contribution: Provides the user interface for controlling the system.
Interfaces:
Receives user input (button presses).
Sends selection signals to the Control Subsystem (STM32F103C8T6).
Requirements:
Number of Buttons: 6.
Button Type: Momentary push buttons.
Electrical Interface: Signals compatible with the STM32's input pins.
Response Time: Detect button presses within 10ms.



[bookmark: _Toc198505027]3. Design Verification
This chapter presents the verification methodology and results for each major subsystem of the project. Testing was conducted to ensure compliance with design specifications, industry standards, and functional requirements.
[bookmark: _Toc198505028]3.1 Power Subsystem
Our project uses a 12V/1A DC 5.5-2.1 transformer plug to power the motor, and we need to test it for a stable voltage output
[bookmark: _Toc198505029]3.1.1 Requirements and Verification
Table1
Quantitative Results:
Steady-state: 11.98V (0.17% deviation)
- Transient recovery: 50ms to ±0.1V
- Error margin: 0.07V
[bookmark: _Toc198505030]3.1.2 Error Analysis 
The 11.98V output (0.17% deviation) meet the 12V ±5% requirement. Errors likely stem from:
Measurement uncertainty (DMM ±0.05V, scope/probe effects).
Component tolerances (voltage reference, feedback resistors, capacitor ESR).
Load step timing (electronic load switching delay).

[bookmark: _Toc198505031]3.2 Control Subsystem
[bookmark: _Toc198505032]3.2.1 Requirements and Verification
Table 2
Quantitative Results:1. Voltage stable within ±5% tolerance, no oscillation
2.All interfaces respond correctly, no logic errors

[bookmark: _Toc198505033]3.3 Drivetrain Subsystem
[bookmark: _Toc198505034]3.3.1 Requirements and Verification
Table 3
Quantitative results:
Steady-state error: ±2.1% of full scale
 Settling time: 120ms
Ripple: ±0.5Nm
[bookmark: _Toc198505035]3.3.2 Error Analysis
No Error

[bookmark: _Toc198505036]3.4 Sensing Subsystem
[bookmark: _Toc198505037]3.4.1 Requirements and Verification
Table 4
Quantitative Results:
Max error: ±0.8°
Repeatability: ±0.3°
[bookmark: _Toc198505038]3.4.2 Error Analysis
Error Sources: 1. Magnetic material remanence
Mitigation: Use latching Hall sensors (e.g., AH337)
2.PWM noise coupling 
Conclusion: Max error: ±0.8° Repeatability: ±0.3°, the Hall sensor meets the requirements well.



[bookmark: _Toc198505039]4. Costs
This section presents a comprehensive overview of the costs associated with our prototype, including both material (parts) expenses and labor. We distinguish between retail prices, bulk‐purchase estimates for potential mass production, and the actual out‐of‐pocket costs incurred by our team. Labor costs are broken down by team member based on hours worked and an agreed hourly rate.
[bookmark: _Toc198505040]4.1 Parts Cost
	[bookmark: _Hlk198495131]Table 4.1 Parts Costs

	Part
	Manufacturer
	Retail Cost (￥)
	Bulk Purchase Cost (￥)
	Actual Cost (￥)

	12V Power Adapter
	Elec Fans
	13.50
	11.00
	13.50

	RS-365PW 
DC Motor
	Wan Bao Zhi
	9.60
	8.50
	9.60

	10*5*2 mm 
Neodymium Magnet Block
	Lin Yue
	14.40
	14.40
	14.40

	3144 Hall Sensor
	Telesky
	3.71
	3.15
	2.15

	STM32F103C8T6
Development Board
	Spirit
	92.00
	75.00
	89.00

	HS-F04B Motor Drive Module
	Hello STEM
	8.00
	6.80
	7.50

	TC118S Motor Control Module
	Alpha Motor
	27.00
	25.00
	27.00

	PCB Board Processing Fee
	Yi Guan
	16.00
	13.00
	16.00

	Cheat Wheel
	(Domin)
	19.00
	15.00
	0.00

	Total
	
	203.21
	171.85
	179.15


Table 4.1 summarizes component costs: retail price, estimated bulk cost, and actual cost paid. The total actual parts cost is ¥179.15, with a projected bulk cost of ¥171.85. The Cheat Wheel was fabricated in our university’s 3D Printing Lab at no direct cost (actual cost ¥0.00), though external quotes averaged about ¥15.00 per unit for outsourced production.
[bookmark: _Toc198505041]4.2 Labor Costs
	Table 4.2 Labor Costs

	Member
	Working Hours
	Hourly Rate (￥)
	Total Labor Cost (￥)

	Zhangyang He
	80
	25.00
	5000.00

	Yilin Liu
	75
	25.00
	4687.50

	Bowen Shi
	80
	25.00
	5000.00

	Kaixin Zhang
	85
	25.00
	5312.50

	Total
	320
	
	20000.00



Table 5.2 estimates the labor Costs under the following assumptions:
· Hourly rate: ￥25 (based on entry-level ECE graduate salaries).
· Labor cost calculation equation (4.1)

where
 = Total Labor Cost,
 = Ideal salary (hourly rate),
 = Actual hours spent.
[bookmark: _Toc198505042]4.3 Cost Summary
The total prototype cost combines parts and labor expenses. Based on actual costs (Table 4.1 and Table 4.2):
· Total Parts Cost: ¥179.15
· Total Labor Cost: ¥20,000.00
· Grand Total (RMB): ¥20,179.15
For international comparison, the total cost is converted to USD using an exchange rate of ¥7.20/USD (current approximate market rate):
· Grand Total (USD): $2,802.66 (¥20,179.15 ÷ 7.20)
The total prototype cost is ¥20,179.15 (RMB) or $2,802.66 (USD, at ¥7.20/USD). Labor dominates expenses (99.1%), emphasizing the need for automation in mass production. Bulk purchasing reduces parts costs by 15.4%, while in-house 3D printing saved ¥15.00 per unit, showcasing localized fabrication’s value. Key cost drivers include the STM32 board (¥89.00) and labor (¥20,000). Strategic actions include negotiating bulk supplier agreements (e.g., motors, PCBs) to lower material costs; automating assembly to reduce labor dependency; expanding in-house 3D printing for custom parts; and exploring cost-effective microcontroller alternatives.


[bookmark: _Toc198505043]5. Conclusion
[bookmark: _Toc198505044]5.1 Accomplishments
This project has realized a servo-controlled lottery wheel system that is able to stop exactly at a user specified segment. The system is composed of an STM32F103 microcontroller, a SG90 servo motor, and a 3D-printed wheel with six equal sectors. Via a programmable deceleration routine, the wheel halted close to ±1° of the target segment on a consistent basis, in a response time (mean) of <2 s. The deceleration curve was also adjustable to provide either a smooth appearance of natural spin or a sharp stop for quick response, providing greater control and realism. In general the hardware and software behaved well and the system showed reliable and repeatable performance, further supporting its application in the field.
[bookmark: _Toc198505045]5.2 Uncertainties
Some uncertainties were identified despite the system being successful. Mechanical effects such as friction, slight misalignment of the wheel and minor defects in the 3D printed parts may cause small deviations in the final stopping position for multiple runs. There may be also other environmental considerations (issues of temperature differentials, humidity, etc.) as well as steady degradation of parts (gear wear, potentiometer drift in the servo, etc.) that may cause changes to the overall accuracy and consistency of a system.
An important concern is the accumulation of small positioning errors from multiple uses. As the current system does not have any feedback, the microcontroller assumes that the servo always arrives at the commanded angle. In reality, if you had a very small (1° or there's about) persistent offset on each spin, visible drift would result if the spins were integrated for enough time. In the absence of any feedback mechanism to compensate for such deviations, this change error can become additive so that there may be a visible discrepancy between the true stopping position of the wheel, and the intended section. This underscores the necessity for closed-loop correction in future iterations in order to achieve long-term accuracy.
[bookmark: _Toc198505046]5.3 Ethical considerations
[bookmark: _Toc198505047]5.3.1 Fairness & Transparency
Risk: Perceived bias in stopping position due to sensor inaccuracies or algorithmic flaws.
Mitigation:
· Calibration Documentation: Publish sensor calibration procedures and error margins (±0.5° accuracy).
· Open-Source Logic: Release the control algorithm code for third-party verification (if applicable).
[bookmark: _Toc198505048]5.3.2 Misuse & Public Perception
Risk: The term "cheat" in the project title could imply unethical intent.
Mitigation:
· Clear Labeling: Add disclaimers: “For educational use only. Not intended for real-world lottery systems.”
· User Agreement: Require acknowledgment of ethical guidelines before system operation.
[bookmark: _Toc198505049]5.3.3 Data Integrity
Risk: Manipulation of wireless signals to alter outcomes.
Mitigation:
· Audit Logs: Store encrypted logs of all remote commands for post-operation review.
[bookmark: _Toc198505050]5.3.4 Compliance with IEEE Code of Ethics
Key Principles Applied:
· #1 (Public Welfare): Safety enclosures and emergency stops prioritize user safety.
· #3 (Honesty): Publicly disclose system limitations (e.g., 99% color detection accuracy).
· #6 (Competence): Team members completed lab safety training and electrical certifications.
· #7 (Criticism): Peer-reviewed design decisions during weekly team meetings [7].
[bookmark: _Toc198505051]5.4 Future work
The further work shall include enhancing the control accuracy, mechanical durability, human-computer interaction and system scalability. One way to improve the system performance and make the mechanism more powerful would be to equip the feeding system with position sensors (including e.g. optical encoders, Hall-effect sensors) for closed-loop feedback control of the system. Here, due to multiple approximations this would retract some of the accumulated inaccuracies but enhance long-term accuracy.
Mechanically, the high quality bearings, stiffer more rigid materials, and smoother well balanced wheel designs will help reduce friction and vibration leaving you with some hardware that lasts and feels just right. It would have Bluetooth and/or Wi-Fi wireless communication for control, logging of data and interfacing to other systems. Additionally, the design of the system can be used for more general applications eg in educational demonstrations of control systems and pseudo-random processes or could be tailored for use by people with limited mobility to play games interactively or interact with decision-making tools. These are just a few examples of how flexible the system can be and how it can have a positive impact on society.
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[bookmark: _Toc198505053]Appendix A	 Requirement and Verification Table
	Table 1 Power System Requirements and Verifications
	


	Requirement
	Verification Procedure
	Verification status


	Supply a stable 12V 1A DC output.

	1. Apply 0A→1A load step using electronic load
2. Measure steady-state voltage with calibrated multimeter
3. Capture transient response with oscilloscope
	Y


	Table 2 Control System Requirements and Verifications


	Requirements
	Verification Procedure
	Verification status


	Power rail stability
	1. Measure all voltage rails (3.3V/5V/12V etc.) upon power-up
2. Load step test (0A→max load)
	Y


Table 3 Drivetrain System Requirements and Verifications
	Requirements
	Verification Procedure
	Verification status


	Motor torque output
	1. Apply step torque command (0→max rated)
2. Measure response with torque sensor
3. Record settling time
	Y

	Speed control accuracy
	1. Sweep RPM from 10-100% rated speed
2. Measure with optical encoder
3. Log tracking error
	Y


Table 4 Sensing System Requirements and Verifications
	Requirements
	Verification Procedure
	Verification status


	Position Sensing Accuracy
	1. Rotate target at known angular intervals (10°, 30°, 90°)
2. Compare Hall sensor output with optical encoder reference
	Y
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