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ABSTRACT 

The main objective of this project is eyeball motion based Wheelchair Control 

system by using IR Sensors for the disabled people. In this eye tracking-based 

technology, two Proximity Infrared (IR) sensor modules are mounted on an eye frame 

to trace the movement of the iris. Since, IR sensors detect only white objects; a unique 

sequence of digital bits is generated corresponding to each eye movement. These signals 

are then processed via a micro controller to control the motors of the wheelchair. The 

potential and efficiency of previously developed rehabilitation systems that use head 

motion, voice recognition variedly have also been explored in detail. They were found 

to be inconvenient as they served either limited usability or non-affordability. This 

design consists of very minimal numbers of instruments used in order to make it cost-

effective and it is also assisted with accelerometer sensor for handling properly. 

Key words: Eye Blinking technology, automated wheelchair, IR module, Accelerometer 

sensor, IR proximity sensor (Obstacle detection sensor. 

1. INTRODUCTION  

Robotics have played an important role in human life. This has provoked significant research 

techniques to device automation. Lack of high-quality interfaces remained a long standing 

barrier to effective robotics. Users found it tough to identify healthy solution because of earlier 

vague information. The Camera Image & Video processing device; primarily governs the types 

of interfaces found in automated wheelchair today. Eye tracking counts an adaptive method for 

visual tasks that has the ability to work on user’s need from eye movements. Physically disabled 

and paralyzed patients find their movements quite hard using existing assistive maneuvers. 

Despite several robotics have been offered during last few decades to empower their motility, 

the patients need precise, fine and accurate control which is often not possible in cases of 

sophisticated disability [6]. Many different control systems have been developing specifically 

for people with several disabilities and disorders. This project preliminary works in design of 

an electric wheelchair system that uses shoulder kinematics and movement of eyeball to guide 

the chair, a proposed model in the study. The system helps the rider mainly paralyzed patients 

to control and give directional movement to the chair, Ultrasonic sensors mechanism facilitates 

to sense & alarm the riders of hurdles encountering track of motion in order to avoid collision. 

The chair will assist patients to go around in areas  with ramps, slopes and entries of little space. 
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Various studies have presented application of electric wheelchair EWC for assistance in 

mobility. A solution is proposed on the basis of three different human inputs to plan and control 

motion of wheelchair. As first input, planning is incorporated to the system using visual 

interfacing. Secondly patient or rider of wheelchair will use reactive controller in order to 

abstain obstacles. Thirdly patient could operate EWC by providing velocity command using 

joystick. proposed ceiling light landmark based strategy to identify location and obstacle using 

cameras based navigation. Identification was carried out using fluorescent ceiling light as 

landmark. Also there is head gesture based solution for EWC. Head gesture is recorded by 

identifying position of nose and frontal face. The system has used ada boost face recognition. 

In another study gaze direction and eye blinking based solution was proposed to automate 

EWC.  

According to a clinical survey nearly 10% patients trained for using powered wheelchair 

exhibited difficulty in performing daily life activities with serious constraint of such powered 

wheelchairs was found when 40% patients showed difficulty in steering and maneuvering 

activities. This has still left them dependent on others for their mobility. In a similar study  such 

patients often suffer low energy level causing less control for guiding the powered wheelchair 

posing inefficiency of the system. Some eye ball tracking techniques are in practice such as 

electro oculogram EOG, lens tracking mechanism LTM. These techniques are complex in terms 

of monitoring and computing positing of pupil. EOG applies use of electrodes placed on the 

face of patients which is itself cumbersome. LTM involves complex circuitry using mirror or 

magnetic coil affixed on contact lens to be placed in eye. The mirror records reflection of light 

and computes position of pupil. Though this mechanism shows high resolution and accuracy 

yet application magnetic coil is practically prohibited [8]. To fill the identified gap an eye ball 

tracking mechanism with IR sensor attached on the goggle instead of on body parts of patient 

is proposed in this study. 

2. BLOCK DIAGRAM 

 

Figure 1 

3. METHODOLOGY 

When the gaze of the person is straight, sensor modules S1 and S2 give their outputs as 1, 1 

because sclera is placed in front of them. As long as the micro-controller receives this signal 

the prototype moves forward. If S1 (right), S2 (left), are producing the output 1, 0 respectively 

which means that user is looking extreme right and thus the wheelchair will turn right. Until 

next command the device will move in same direction, when the command to turn left is 

initiated i.e. user looks to extreme left (S1=0, S2=1) the algorithm is followed and the 
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wheelchair turns to its left. The flowchart for the control scheme is shown in Figure. These 

transmitted signals when receive by the ADXL are used to activate and work the corresponding 

control algorithms 

4. WORKING PRINCIPLE 

Model consists of an Eye gear which has a pair of photo sensors and infrared LEDs to detect 

the position of pupil, along with that the model has accelerometer sensor for another way to 

handle the system and has IR proximity sensor which works as obstacle detection. Infrared LED 

setup is interfaced with microcontroller, which then give the digital signals of pupil's position 

to the motor drivers of the wheelchair and the signals from accelerometer are also given to the 

microcontroller which get activated when the accelerometer mode is selected. Algorithms in 

the microcontroller guide the motor drivers respective of the pupil movement or accelerometer. 

Along with this, the wheelchair is accompanied with the obstacle sensor which ensured the 

safety of the wheelchair. 

5. EYE MOUNTED FRAME (SPECTACLES) 

Eye-tracking involves the tracking of eye movements. It is a method to scan path of a person's 

gaze, while looking in a particular direction, is traced and recorded. In other words, the angle 

of person’s gaze is being measured. Eye tracking has been perceived to be a very accurate 

platform for the building of rehabilitation technologies due to the real-time actions taken by 

controller depending on eye movements. Eye records precisely what people percept and what 

not. Most eye-trackers (headgear) are designed to detect saccades and fixations. Other types of 

eye movements that are a frequent occurrence are the smooth-pursuit (for tracking slow-moving 

visual targets), the vestibulocochlear reflex (for compensating head movements) and the 

vergence (for obtaining binocular vision). Tracking the eye movements is difficult in many 

systems, due to the minor and critical changes in the eye position, which makes tracking eye 

movement much more complicated. So, IR sensors remain a good option considering the 

accuracy and the cost. Though being appropriate choice compared to other devices, the IR 

sensors should be slowly handled for greater accuracy and proper functioning.  

 

Figure 1 Eye Mount Frame 

6. ACCELEROMETER 

For the patients who are less bed prone or less paralytic, another system has been added to the 

system. Accelerometer sensor has been added which can be converted into joystick or handheld 

device controller which is also a good alternative to IR based system. The proposed system has 

been put into two modes viz. headgear based and accelerometer-based system. After the 
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selection of accelerometer mode, the controls of wheelchair totally get sent to the joystick. The 

accelerometer sensor is ADXL, which is excellent gravity sensed movement reacting sensor, 

which performs in two axes viz. x and y. The accelerometer is connected to hand and the 

wheelchair moves as per the movements of the hand. 

 

Figure 2 Accelerometer Sensor 

7. OBSTACLE DETECTION SENSOR 

To assist both the eye-controlled and accelerometer-controlled inputs, there needs to be a 

supervisory system which would avoid any damage to the system as well as the user. though 

the inputs are given by the user (keeping in mind that the user is physically challenged) we have 

to provide the wheelchair with an obstacle detection sensor (IR proximity) which keeps an eye 

on any obstacle which would possibly become hurdle for the system. Obstacle sensor makes 

the system to stop in case of any obstacle, which after some rounds of checking, resumes the 

working of wheelchair (after ensuring that there is no obstacle). 

 

Figure 3 IR Sensor 

8. MICROCONTROLLER 

The Atmel 8-bit AVR RISC-based microcontroller combines 32 kB ISP flash memory with 

read-while-write capabilities, 1 kB EEPROM, 2 kB SRAM, 23 general purpose I/O lines, 32 

general purpose working registers, three flexible timer/counters with compare modes, internal 

and external interrupts, serial programmable USART, a byte-oriented 2-wire serial interface, 

SPI serial port, 6-channel 10-bit A/D converter (8-channels in TQFP and QFN/MLF packages), 

programmable watchdog timer with internal oscillator, and five software selectable power 

saving modes. The device operates between 1.8-5.5 volts. The device achieves throughput 

approaching 1 MIPS per MHz. 
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Figure 4 Microcontroller 

9. MOTOR DRIVER IC 

Since motors require more current than the micro-controller. we use motor drivers as current 

amplifiers. L293D is a 16 pin microcontroller which allows DC motors to rotate in either 

direction. The maximum voltage supply is 36 volts. The raw signals are picked by three IR 

sensor modules, S1, S2 and S3, connected to the eyepiece,. These signals are amplified and 

then sent to the ADC channels of PIC where they get converted to digital form. 

 

Figure 5 Motor driver IC 

10. ADC MODULE 

Built-in ADC (10 bit) of AVR is used for a precise estimation of an analog signal into a digital 

signal readily operational by the software burned into PIC. 

 

Figure 6 ADC Module 
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11. CONCLUSION 

The IR sensor based and accelerometer-based eye-motion tracking system can be used as basic 

infrastructure in future technologies such as home automation and medical essentials. The 

system can be used for wireless automation by using radio frequency modification in the 

circuitry. These signatures can then be used to generate control functions for individual home 

appliances. With various modifications and with help of future technology, the proposed 

method can also be successfully implemented in vehicle automation. The steering of a vehicle 

can be controlled by motion of a person’s eyeball. Thus, we have made a platform for 

demonstrating and testing eye-based interfaces at a very low cost and high efficiency which can 

be used on a large scale in various fields with accompanying accelerometer sensor. Voice 

commands and future techniques like ATM iris-based security scanners can be added to the 

project with the help of Google API. Mobile operation can also be added to the functions list, 

so that surveillance can be kept on patient remotely. This system can also be used in unmanned 

vehicles, for remote access of the vehicles. 
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