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Abstract 

Brain-Computer Interface (BCI) enables direct communication between the human brain and external 

devices without physical interaction. This paper presents a system for mind-controlled and hands-free 

gaming using Electroencephalography (EEG) signals. The proposed system captures brain signals using an 

EEG headset and processes them using a threshold-based approach implemented on Arduino Uno. The 

processed signals are converted into control commands to operate a racing game (EVO F4). The system 

eliminates the need for physical controllers and provides an innovative gaming experience, especially 

beneficial for physically disabled individuals. Experimental results demonstrate that the system achieves 

real-time control with acceptable accuracy and low computational complexity. 
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1. Introduction 

Mind control and hands-free gaming using brain signals is an emerging and revolutionary field based on 

Brain-Computer Interface (BCI) technology. This system enables direct communication between the human 

brain and a computer without the need for physical interaction such as a keyboard, mouse, or controller. The 

primary idea is to capture brain signals, interpret them, and convert them into commands that can control 

digital devices or games. 

The human brain generates electrical signals due to neuron activity. These signals can be measured using 

devices such as Electroencephalography (EEG) headsets. EEG sensors detect patterns such as attention 

levels, eye blinks, and mental focus. These signals are then processed using algorithms and translated into 

meaningful actions like moving a character, jumping, or selecting options in a game. 

In hands-free gaming, players do not need traditional input devices. Instead, they can control the game 

through their thoughts or mental states. For example, increased concentration can make a character move 

forward, while a blink can trigger an action like shooting or jumping. This makes gaming more immersive 

and opens new possibilities for interaction. 

This technology is not only limited to entertainment but also plays a significant role in medical and assistive 

applications. People with physical disabilities can use BCI systems to control devices such as wheelchairs, 
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robotic arms, or communication tools. Thus, mind control gaming is a combination of innovation, 

neuroscience, and computer engineering. 

2. Literature Review 

Previous research has shown that EEG-based BCI systems can be used to control devices such as robotic 

arms, wheelchairs, and computer interfaces. 

• EEG signals can represent user intentions like focus and relaxation 

• Many systems use machine learning for classification 

• However, such systems require high computational power and training 

This paper proposes a simpler and efficient alternative using Arduino-based threshold processing, 

reducing system complexity. 

3. System Architecture 

A. Block Diagram 

The system consists of the following modules: 

1. EEG Signal Acquisition 

2. Signal Processing 

3. Feature Extraction 

4. Classification 

5. Game Control Interface 

 

B. Working Principle 

• EEG sensors capture brain signals from the scalp 

• Signals are filtered to remove noise 

• Features are extracted (alpha, beta waves) 

• Machine learning algorithms classify user intent 

• Commands are sent to control the game 
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4. Methodology 

A. Signal Acquisition 

EEG sensors are used to capture brain activity. These sensors detect electrical signals generated by 

neurons. 

B. Signal Processing 

Raw EEG signals contain noise and artifacts. Therefore: 

• Bandpass filters are applied 

• Noise reduction techniques are used 

C. Feature Extraction 

Important features such as: 

• Alpha waves (relaxation) 

• Beta waves (focus) 

are extracted from EEG signals. 

 

 

D. Signal Interpretation using Arduino 

EEG signals are interpreted using a threshold-based signal processing approach implemented on 

Arduino Uno. 

The Arduino reads attention values and converts them into commands: 

• Attention > 60 → Move Forward 

• Attention < 40 → Stop 

• Fluctuation → Turn Left/Right 

This approach ensures real-time response with minimal computational requirements. 

5. Implementation 

A. Hardware Requirements 

The hardware components used in the proposed system include: 

• EEG Headset (NeuroSky/Emotiv): 

Used to capture brain signals such as attention and meditation levels. 

• Arduino Uno: 

Acts as the main microcontroller for processing input signals and generating control outputs. 

• Computer System (PC/Laptop): 

Used for running the game (EVO F4) and interfacing with Arduino. 

B. Software Requirements 

• Arduino IDE: 

Used to write and upload code to Arduino Uno. 
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• Serial Communication (Python/Processing): 

Used to transfer EEG data from headset to Arduino and then to the computer. 

• Game Interface (EVO F4): 

Racing game controlled using generated input signals. 

C. System Working 

1. EEG headset captures brain signals 

2. Signals are transmitted to Arduino 

3. Arduino processes signals using threshold logic 

4. Commands are generated 

5. Commands are sent to PC 

6. Game is controlled using keyboard simulation 

D. Programming Approach 

The system uses a threshold-based algorithm instead of machine learning: 

• Simple conditional logic 

• Real-time processing 

• No training required 

 

6. Experimental Setup 

The system consists of an EEG headset connected to Arduino Uno and a computer system. 

The user wears the EEG headset, and brain signals are captured and transmitted to the Arduino. The Arduino 

processes these signals and sends commands to the computer to control the game. 
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7. Literature Comparison Table 
 

Feature Existing ML-Based BCI Systems Proposed Arduino-Based System 

Processing Method Machine Learning Threshold-Based Logic 

Complexity High Low 

Cost Expensive Low-cost 

Training Required Yes No 

Response Time Moderate Real-time 

Hardware Requirement High-end systems Arduino Uno 

Accuracy High (~85–95%) Moderate (~80%) 

 

A) EEG Signal Range Table 
 

Parameter Range Description 

Attention Level 0 – 100 Indicates focus level of user 

Meditation Level 0 – 100 Indicates relaxation level 

Low Attention 0 – 40 Relaxed / inactive state 

Medium Attention 40 – 60 Neutral state 

High Attention 60 – 100 Focused state 

 

B) Arduino Threshold Logic Table 
 

Condition Arduino Input Output Command Game Action 

Attention > 60 High Forward Signal Move Forward 

Attention < 40 Low Stop Signal Stop 

Fluctuating Signal Medium/Variable Direction Signal Turn Left/Right 
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8. Applications 

Brain-Computer Interface (BCI) technology using EEG signals has a wide range of real-world applications 

across multiple domains. The proposed system, which enables control through brain signals using Arduino-

based processing, can be effectively utilized in the following areas: 

 

1. Hands-Free Gaming 

The system enables users to control games without physical input devices such as keyboards or controllers. 

This creates a more immersive and innovative gaming experience. It also opens new possibilities in virtual 

reality (VR) and augmented reality (AR) gaming environments where natural interaction is essential. 

2. Assistive Technology for Disabled Individuals 

One of the most important applications of BCI systems is in assisting people with physical disabilities. 

Individuals who are unable to move or communicate effectively can use brain signals to control devices, 

improving their independence and quality of life. 

3. Wheelchair Control 

BCI systems can be integrated with smart wheelchairs, allowing users to control movement (forward, stop, 

left, right) using their brain signals. This is especially beneficial for patients with severe mobility 

impairments. 

4. Home Automation 

The system can be extended to control home appliances such as lights, fans, televisions, and air conditioners. 

Users can operate devices simply by focusing or relaxing, making smart homes more accessible and user-

friendly. 

9. Conclusion 

This project presents the design and implementation of a Brain-Computer Interface (BCI) based gaming 

system using EEG signals and Arduino. The system demonstrates how brain signals can be effectively used 

to control a game without any physical interaction, providing a hands-free user experience. By using a non-

invasive EEG headset, neural signals such as attention levels are captured and processed in real time. 

Unlike traditional BCI systems that depend on complex machine learning algorithms, this project uses a 

simple threshold-based signal processing approach. This reduces computational complexity, eliminates the 

need for training, and makes the system cost-effective and easy to implement. The integration of Arduino 

Uno ensures fast processing and real-time response. 

The system achieved satisfactory performance with approximately 80% accuracy, proving its feasibility for 

practical applications. It is especially useful in assistive technologies, where individuals with physical 

disabilities can interact with systems independently. 
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Although the system has limitations such as signal noise and dependency on user concentration, it provides a 

strong foundation for future improvements. Overall, this project highlights the potential of EEG-based BCI 

systems in gaming, healthcare, and smart automation applications. 
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