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ABSTRACT: Such individuals usually experience high hurdles in sustaining independent mobility. Conventional 

wheelchairs are not practical for persons with little or no hand function. This has motivated research into smart 

wheelchairs with alternative control systems. Of these, head-motion controlled interfaces are a promising promise of a 

hands-free option by interpreting gestures from a user’s head as movement instructions. This paper surveys the latest 

developments in head-motion controlled wheelchair systems, highlighting sensor technologies, signal processing 

methodologies, control algorithms, and safety features for the user. The use of inertial sensors and real-time processing 

allows responsive and natural control, while machine learning and adaptive feedback are improving usability. While 

significant advancements have been made, accuracy, false triggering, and user adaptability issues are areas which 

remain to be explored further. This summary captures the promise of head-motion based systems to enhance mobility 

independence and maps out directions for stronger and more user-oriented designs in the future. 

 

KEYWORDS: Leakage Detection, IoT, Smart Objects, Smart city 

I. INTRODUCTION 

 

Mobility is an essential component of independence and quality of life. For those with extreme physical disabilities, 

especially of the upper limbs or spinal cord, conventional wheelchairs tend to lack adequate autonomy. Over the last 

few years, assistive technology has seen remarkable development to bridge this divide, with smart wheelchairs showing 

great potential. Of these, head-motion controlled systems have become prominent because they hold the promise of 

providing hands-free movement, allowing users to move about their environment through natural and intuitive head 

motion. 

 

These systems generally operate based on inertial sensors, accelerometers, gyroscopes, or vision-based tracking to 

recognize directional head movements. The motion data captured is processed and converted into control signals for the 

wheelchair so that users can move forward, backward, or turn with less physical effort. Head-motion control is 

different from joystick-based or manual wheelchairs in that it enables users with limited motor control to achieve 

independent mobility with more comfort and ease 

II. LITERATURE SURVEY 

 

Head motion-controlled intelligent wheelchairs are assistive mobility devices for users with severe motor disabilities 

[1]. They are an alternative to joystick control through user head orientation tracking by inertial sensors or 

computer vision. 

The first systems used simple tilt sensors to capture direction commands, but new technologies utilize MEMS-based 

IMUs in wearable headbands or smartphone platforms [2-4]. Intelligent interface designs like One Button and Tilt 

Controls have demonstrated good usability and user adaptability for people with upper limb impairments, improving 

intuitiveness and minimizing visual feedback requirements [5]. Cellphone-based interfaces based on accelerometer and 

gyroscope readings have demonstrated successful head tilt to wheelchair movement mapping. These devices are 

advantaged by low cost, wireless access, and user adaptability across posture variations [6]. Integration with 

manipulative robots and assistive manipulators proves the multifunctional capability of such systems for carrying out 

ADLs (activity of daily living), such as object manipulation and navigating [7]. Head movement is also achievable 
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by computer vision methods with markerless tracking and facial landmark detection allowing hands-free interaction 

even in the case of quadriplegic users [8]. One of the upcoming trends involves merging EEG or EMG information with 

head movement to form hybrid human-machine interfaces (HMI), enhancing intent detection accuracy and robustness 

[9], [10]. 

 

Wearable fabric EEG headbands are increasingly being designed for recording brain activity and enabling HMI 

applications such as head-based wheelchair control. The headbands provide user-specific electrode placement and 

long-term comfort [11]. 

Head-worn systems are being tailored for environmental noise rejection and signal quality using methods such as 

integrated amplification and Faraday cage enclosures [12]. User trials confirm that these systems may be quickly 

learned with minimal training and calibration and will accommodate safe operation [13]. 

 

III. MODELING AND CONSISTENCY VALIDATIONS 

  

Head-motion controlled smart wheelchair modeling requires the precise interpretation of head movements as movement 

cues using sensor-based input and signal processing. In general, an Inertial Measurement Unit (IMU) consisting of an 

accelerometer and gyroscope is attached to the user’s headgear or wearable device. This sensor records real-time 

angular measurements, which are then utilized using sensor fusion methods such as the Complementary Filter or 

Kalman Filter to determine head orientation. Based on pitch, yaw, and roll values, certain movements are mapped to 

specific commands—e.g., head tilt forward to go ahead or turning left to turn. These control signals are thresholded 

for mapping to avoid misinterpretation due to small or unwanted movements. The overall system modeling also needs 

to account for factors such as response lag, filtering noise, and accuracy in gesture detection to enable smooth 

navigation. 

 

To ensure consistency, both hardware and software are thoroughly tested under different conditions. Static testing is 

done where participants move their heads in controlled motions while the wheelchair is stationary, so developers can 

check the accuracy of command recognition. Dynamic validations comprise navigation in real-time in environments 

with a high density of obstacles and open indoor spaces, and tests are taken for metrics like reaction time, path 

accuracy, and error rates. Consistency is also improved by adaptive calibration processes that take into account user 

postures, fatigue, or evolving head motion patterns. Customizable sensitivity and auto-calibration protocols allow the 

system to be adapted to various users. Extensive validation confirms that the system provides stable, consistent, and 

safe operation, verifying that the wheelchair uniformly responds to user intentions in various conditions and 

individuals. 

IV. HARDWARE AND HEAD MOVEMENTS MECHANISM 

 

Hardware Platforms and Head Movement Mechanism The success of a head-motion controlled intelligent wheelchair 

heavily relies on the hardware architecture of the underlying system. An efficient system incorporates different 

hardware components to facilitate precise motion detection, real-time signal processing, and stable communication 

with the drive mechanism of the wheelchair. 
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Fig. 1.  Head-motion-controlled smart wheelchair system block diagram. 

 

1. Sensor Module – IMU (Inertial Measurement Unit) The heart of head-movement detection is the IMU sensor, 

which normally includes a gyroscope, accelerometer, and occasionally a magnetometer. Typically, MPU-6050, MPU-

9250, or BNO055 modules are employed, which detect angular speed and linear acceleration of the head. They are 

strapped onto a headband, helmet, or glasses on the user’s head. The IMU detects head orientation as pitch (up or 

down), yaw (left or right), and roll (tilt). These angles are translated to produce movement commands like 

forward, backward, left, right, and stop. 

 

2. Processing Unit The data from the IMU is processed in real time using a microcontroller or microprocessor. 

Some popular platforms are: 

Arduino UNO/Nano – for low-cost, simple processing. ESP32/NodeMCU – for wireless transmission and higher 

computation. 

Raspberry Pi – for more sophisticated systems needing machine learning or camera interfacing. 

These modules execute embedded software that processes raw IMU data, suppresses noise, and translates it into control 

commands based on logic thresholding or orientation-based classifiers. 

 

3. Wireless Communication (Optional) For remote processing or modular systems, head movement data is sent to 

the motor controller of the wheelchair using Bluetooth (HC-05/HC-06) or Wi-Fi (ESP32) modules. This allows easy 

location of processing hardware and minimizes wiring in the vicinity of the user. 

 

4. Motor Driver and Wheelchair Interface The wheelchair can be driven by DC motors powered by motor 

driver circuits like L298N, TB6612FNG, or Sabertooth Motor Drivers. These are instructed by command signals 

from the processing unit and adjust the speed and direction of the wheels of the wheelchair accordingly. 

 

http://www.ijirset.com/


 

|www.ijirset.com |A Monthly, Peer Reviewed & Refereed Journal| e-ISSN: 2319-8753| p-ISSN: 2347-6710| 

                                      Volume 14, Issue 7, July 2025 

                               |DOI: 10.15680/IJIRSET.2025.1407108| 

IJIRSET©2025                                        |     An ISO 9001:2008 Certified Journal   |                                      17904 

5. Power Supply The system operates using rechargeable lithium-ion batteries, which are commonly shared with 

the motor system of the wheelchair. Voltage regulators provide stable operation of the sensors and the microcontroller. 

Head Movement Commands The following rudimentary head gestures can be traditionally mapped to movement 

commands: Head Movement Direction/Command Head Tilt Forward Move Forward Head Tilt Backward Move 

Backward or Stop Turn 

Head Left (Yaw) Turn Left Turn Head Right (Yaw) Turn Right Neutral / Still Idle / No Action 

More sophisticated systems can utilize double tilts, hold gestures, or even incorporate eye blinks or voice in multi-

modal control. 

V. HEAD MOTION CONTROL ALGORITHM 

 

1. Orientation Estimation and Sensor Fusion Head orientation should be accurately tracked by integrating 

accelerometers’ and gyroscopes’ data. This eliminates drift and noise while being responsive. 

Complementary Filter: A low-weight algorithm that integrates rapid gyroscope values with stable accelerometer 

data. It’s light and effective for systems with minimal computing power. 

Madgwick Filter: This filter applies quaternion-based computation to calculate 3D orientation. It has low 

computational overhead and faster convergence, making it perfect for real-time applications involving 9-axis IMUs. 

Kalman Filter: Accurate in its application, the Kalman filter is implemented for orientation estimation by 

forecasting and refining sensor data over time. Although more computationally demanding, it’s great for systems 

that need greater accuracy. 

 

2. Gesture Recognition and Classification Once the orientation has been determined, the system needs to 

identify certain head movements and associate them with control commands. 

Threshold-Based Logic: This approach employs fixed angular thresholds to establish gestures (e.g., tilt ¿15° = 

forward). This is easy, robust, and commonly applied in initial prototypes. 

Support Vector Machine (SVM): A machine learning algorithm that categorizes head movements into groups. It is 

well- suited for applications that differentiate intricate patterns of gestures, particularly involving considerations for 

variability in user behavior. 

K-Nearest Neighbor (KNN): A non-parametric model beneficial for use with small datasets. It is classified based on 

similarity with past recorded gestures, ideal for simple head movements interfaces. 

 

3. Control and Motion Adjustment Converting gesture commands to smooth wheelchair movement involves 

adaptive control methods that avoid jerky or unsafe motion. 

Proportional-Integral-Derivative (PID) Control: This is a control algorithm that provides accurate motor actuation 

through constant speed and direction adjustments according to the input command and system feedback. 

Fuzzy Logic Controller: Beneficial in dealing with uncertain or imprecise inputs. It enables the system to react 

smoothly even under non-exact or inconsistent head movements. 

 

VI. MOBILE PHONE AS REMOTE CONTROL FOR WHEELCHAIR 

 

Here, the mobile phone serves as the wireless controller, providing movement commands to the wheelchair through 

Bluetooth, Wi-Fi, or internet protocols. The wheelchair is fitted with a microcontroller (e.g., an Arduino, ESP32, or 

Raspberry Pi), which deciphers these commands and controls the motors. A special mobile app or web interface gives 

buttons or gesture inputs for movements such as forward, backward, left, and right. The inputs are sent to the control 

unit of the wheelchair in real time. 
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Fig. 2.  IoT-enabled wheelchair with mobile app control 

 

Wireless Communication Setup Bluetooth-Based Control: The majority of implementations employ a Bluetooth module 

(e.g., HC-05 or HC-06) to connect the mobile phone to the wheelchair. The application software transmits command 

characters (e.g., ’F’ for forward, ’B’ for backward), which are decoded by the microcontroller to turn motor 

drivers on. 

 

Wi-Fi/IoT Control: For more distant communication or cloud-based monitoring, ESP8266 or ESP32 modules are used 

to join to a mobile hotspot or router. The phone app communicates with the wheelchair through HTTP requests, MQTT, 

or WebSockets. 

 

In this architecture of the system, the smartphone acts as a wireless command interface that sends movement 

instructions to an embedded microcontroller in the wheelchair. The microcontroller, which is usually an Arduino Uno, 

ESP32, or Raspberry Pi, decodes the instructions and controls the motor driver circuitry appropriately in order to 

generate desired movement behaviors. A specially designed mobile app or web interface gives the user input in terms 

of directional buttons, gesture, or voice inputs to propel the wheelchair forward, backward, left, or right. These inputs 

are sent in real time via diverse wireless protocols based on the system setup. 

 

In summary, mobile-phone-based wheelchair control systems are a widely accessible, scalable, and easy-to-use 

solution that maximizes mobility for people with disabilities. Their modular nature and versatility to different 

environments and user requirements make them an essential part of the development of smart assistive technologies. 
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VII. FEATURES COMPARISON TABLE 

 
TABLE 1: COMPARISON OF HEAD-MOTION AND BCI-BASED WHEELCHAIR CONTROL SYSTEMS 

 

 

 

Author / Study 

 

 

Control Method 

 

 

Sensor Type 

 

 

Interface Type 

 

 

Advantages 

 

 

Limitations 

 

 

Wu et al. (2020) [5] 

 

 

Head tilt + 

smart- phone UI 

 

 

Smartphone

 (IMU

, touch, 

gyroscope) 

 

 

One-button, tilt, 

3- button 

 

 

Intuitive, low-cost, 

wire- less, no 

calibration 

 

 

Limited to robotic 

arm, not full 

wheelchair 

 

 

Carneiro et al. (2020) 

[11] 

 

 

EEG + eye 

move- ment 

 

 

Printed e-textile 

EEG electrodes 

 

 

Wearable 

headband 

 

 

Comfortable,

 reusabl

e, low impedance 

 

 

No integrated 

mobility control 

 

 

Al-Qaysi et al. (2019) 

[15] 

 

 

EEG-based 

wheelchair 

 

 

EEG (wet/dry 

elec- trodes) 

 

 

BCI 

 

 

Non-invasive, 

effective in BCI-

based control 

 

 

Setup complexity, 

noise sensitivity 

 

 

Fall et al. (2017) [3] 

 

 

EMG-based 

gesture control 

 

 

sEMG wearable 

sen- sors 

 

 

Body-machine 

inter- face 

 

 

Wireless, robust, 

natural gestures 

 

 

Not suitable for 

severe motor 

disabilities 

 

 

Nam et al. (2014) [4] 

 

 

Head + facial 

ges- tures 

 

 

GKP, EOG, EMG 

 

 

Multimodal 

wearable HMI 

 

 

Multimodal fusion, 

effec- tive control 

 

 

High sensor 

complexity 

 

 

Mohammed & Wang 

(2017) [9] 

 

 

EEG + visual 

stimuli 

 

 

EEG (visual 

evoked 

potentials) 

 

 

Hybrid BCI 

interface 

 

 

High accuracy with 

proper stimuli 

 

 

Requires attention 

and calibration 

 

 

Du & Zhang (2016) [8] 

 

 

Vision-based head 

tracking 

 

 

Webcam + 

facial tracking 

algorithms 

 

 

Markerless CV 

inter- face 

 

 

Non-contact, natural 

inter- action 

 

 

Sensitive to lighting 

and occlusion 

 

 

Swee et al. (2015) [14] 

 

 

EEG 

classification 

 

 

EEG headset 

 

 

BCI-based 

wheelchair 

control 

 

 

Demonstrated 

control of 

wheelchair in lab 

 

 

Real-time reliability 

con- cerns 
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setup 

 

 

Parga et al. (2018) [6] 

 

 

Smartphone tilt 

con- trol 

 

 

Phone IMU 

 

 

Virtual joystick 

(app- based) 

 

 

Easy to integrate 

with robot arms 

 

 

Limited DoF for 

precise control 

 

 

Huang et al. (2013) [24] 

 

 

EOG-based eye 

tracking 

 

 

EOG electrodes 

 

 

HMI via eye 

gestures 

 

 

Robust in controlled 

set- tings 

 

 

Prone to eye 

fatigue, needs 

calibration 

 

 

VIII. EXISTING SYSTEM 

 

Numerous assistive mobility solutions have been developed to address the challenges faced by individuals with upper 

limb disabilities. Among these, head-motion controlled wheelchairs have gained significant attention due to their non-

invasive design 

and hands-free control capabilities. Most existing systems utilize inertial measurement units (IMUs), such as the 

MPU6050, to detect head orientation. The IMU sensors capture pitch, roll, and yaw movements and map them to 

wheelchair directions. These systems often use microcontrollers like Arduino or Raspberry Pi to interpret sensor data 

and drive motors accordingly. Some studies implement Bluetooth communication to enable wireless control between 

the head unit and the wheelchair’s base system. 

A notable example is the system presented by [Author et al., Year], where a basic threshold-based algorithm was used 

to distinguish between forward, backward, left, and right motions. While effective for basic mobility, this method lacks 

adaptability to user-specific motion patterns and may result in reduced accuracy over time due to sensor drift. 

Another study by [Author et al., Year] introduced voice assistance alongside head gestures. However, it still relied on 

predefined, rigid gesture sets, which may not suit users with inconsistent or involuntary movements. Furthermore, these 

systems generally do not account for environmental awareness or obstacle avoidance unless separate ultrasonic 

modules are manually integrated. Despite their usefulness, current designs often lack: 

• Personalized gesture recognition systems 

• Contextual awareness of the surrounding environment  

• Hybrid control methods for increased reliability  

• Remote support or emergency communication features 

 

IX. FUTURE WORK 

 

AI-Based Adaptive Control System Individual user behavior may be learned by a machine learning model to adjust the 

sensitivity of head motion detection in response. This would individualize the control experience, particularly for those 

with irregular or faint movements caused by muscle weakness. 

Multi-Modal Control Integration Future prototypes could integrate head motion with other non-invasive inputs, such as 

eye- tracking, facial expression recognition, or voice commands. The hybrid control system would be more flexible 

and adaptable to differently enabled users. 

Environmental Context Awareness Computer vision can be integrated using cameras and object detection algorithms to 

recognize and interpret environmental clues from doorways, obstacles, and uneven surfaces, allowing the wheelchair to 

possibly auto-navigate or provide corrective information to the user. 

Remote Monitoring and Emergency Support Future iterations may include IoT features for real-time tracking and 

health monitoring. Caregivers could receive alerts via a mobile app in case of emergencies, such as tipping risk, sudden 
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stops, or unusual inactivity. 

Self-Learning Gesture System Rather than relying on fixed head gestures, an intelligent module can be trained to 

recognize user-defined movements. This allows for custom, comfortable gestures suited to individual physical 

capabilities. 

Integration with Smart Home Systems Enabling communication between the wheelchair and smart home environments 

(like automated doors, lights, or bed adjustments) would further enhance the independence of users in daily life. 

Lightweight Wearable Sensor Design Redesigning the head-motion sensor unit to be embedded in eyeglasses or a cap 

can improve comfort and ease of use, especially for prolonged daily operation. 

X. CONCLUSION 

 

Head-motion controlled intelligent wheelchairs offer a revolutionary solution for people with serious motor disabilities, 

providing hands-free mobility by intuitive gesture-based control. Utilizing inertial sensors, real-time signal processing, 

and adaptive control systems, these wheelchairs maximize user independence and minimize caregiver dependence. 

Advanced sensor fusion techniques combined with strong validation methods guarantee accurate, reliable 

operation in a wide range of environments and user profiles. While recent models are encouraging, further 

enhancements in sensor precision, user customization, and system responsiveness are needed before significant 

adoption can be realized. Future studies will also be needed to incorporate machine learning for gesture anticipation, 

improve obstacle detection, and maintain long-term reliability. Taken as a whole, head-motion controlled systems 

represent a critical advancement toward inclusive, smart mobility aids that are attuned to the changing needs of 

assistive technology users. 
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