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Abstract 

A group of progressive neurological disorders that destroy motor neurons are called Motor Neuron Diseases (MNDs). The motor 

neuron cells control essential voluntary muscle activities which include speaking, walking and the like. MNDs can occur in both 

adults and children. In children, particularly in the congenital form of disease, symptoms can be present at birth or appear before 

the child learns to walk. In adults, MNDs occur more commonly in men than in women, and the symptoms appear after age 40. 

The most common MND is Amyotrophic Lateral Sclerosis (ALS), which affects both upper and lower motor neurons in adults. It 

has inherited and non-inherited forms and can affect the arms and/or legs and/or muscles that control the vocal cords, lips and 

tongue movements. In case of MNDs affecting the speech of an individual, he may need to rely upon Augmentative and Alternative 

Communication (AAC) devices to supplement existing speech or to replace speech that is not functional. Augmentative aids, such 

as picture and symbol communication boards and electronic devices, are also available to help these people express their thoughts. 

We are proposing an Eye-ball detection based wheelchair that uses eye movements as an input to interpret the patient’s requirement. 

Keywords: Graphic User Interface, Motor Neuron Diseases, Eye Aspect Ratio, Augmentative and Alternative 

Communication 

________________________________________________________________________________________________________ 

I. INTRODUCTION 

Augmentative and Alternative Communication (AAC) is a term that encompasses the communication methods used to supplement 

or replace speech or writing for those with impairments in the production or comprehension of spoken or written language. AAC 

is used by individuals suffering from a wide range of speech, language and physical impairments, including congenital conditions 

such as cerebral palsy, intellectual impairment and autism, and acquired conditions such as Amyotrophic Lateral Sclerosis and 

Parkinson’s disease. AAC can be a permanent addition to a person’s communication or a temporary aid. The symbols used in the 

graphic user interface (GUI) may include gestures, photographs, pictures, line drawings or words, which can be used alone or in 

combination. Pointers, adapted mice, etc can only be used if the patient is able to voluntarily move his/her hands or fingers. 

However, a large number of the patients suffering from MNDs may not be able to use such input methods to control the AAC 

device. Eye-ball detection method will hence be a much more user-friendly method for controlling the AAC device as it does not 

require hand movements to control the device. The patient’s eyes are detected with the help of image processing and computer 

vision. The GUI is driven by the signals transmitted by a processing system. The processing system receives real-time signals 

based on the patient’s eye-response (deliberate closing and opening of the eyes to select an option from the GUI) and performs 

appropriate actions. 

II. EYE-BALL DETECTION 

A camera is placed at a predetermined distance, which is focused on the patient’s face to capture the activity of the patient’s eyes 

in real-time. A facial landmarks detector which is a shape predictor to detect important facial structures on the face is used to detect 

the eyes[1]. For detecting the deliberate closing and opening of the eyes (i.e. forced blinking) a quantity called Eye Aspect Ratio 

(EAR) is calculated. It involves a much simpler calculation and is faster and more efficient compared to the traditional methods of 

eye detection which involve localizing the eyes, detecting the sclera (white coloured parts) by thresholding and determining the 

period for which the sclera disappears (when eyes are closed). 
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Fig. 1:  Eyeball detection EAR>0.2(Threshold) 

 
Fig. 2: Eye-ball detection: EAR<0.2(threshold). Note: No. of times deliberate blinking is detected and the eye aspect ratio in Figures 4 and 5 

are shown only for illustrative purpose 

III. LITERATURE REVIEW 

People suffering from MND, in most of the cases intellect, memory, sight, hearing, touch and taste remains unaffected. ALS affects 

adults and usually seen more in men than women with an average age of 58, results in rapid loss of function. 

People with MND are likely to be faced with technology use in areas of their lives, such as mobility, daily living tasks and home 

modifications. A high proportion of patients feels the need of technology that involves less hardware and minimum training. For 

the people suffering from MND, who can’t move any part of their body except their eyes have no convenient technology as such.  

The communication devices available these days that involve eye gaze as a main feedback from the patient, face problems in 

selection of small objects. Also, a few patients are not capable of providing steady eye gaze response. Technologies such as a 

thumb switch and a blink-switch were used by Stephen Hawking to compensate for mobility and speech difficulties, in addition to 

this by squeezing cheek muscles and blinking to activate infra-red switch are used to perform task such as sending e-mails and 

speak through voice synthesizer. 

Acceptance of new technology can be an issue for some patients as it is influenced by the comfort level of patient as well as 

caretaker. Timely help and monitoring is crucial, therefore, identifying an AAC system should be client centered; their needs as 

well as their priority of those needs have to be considered. 

IV. METHODOLOGY 

The facial landmarks detector gives six (x,y) co-ordinates for each eye - two coordinates for locating the two corner points of each 

eye, and four coordinates (two on the upper rim and two on the bottom rim of the eye) marking the beginning and end of the iris. 

The relation between these coordinates gives the EAR. The relationship is given by [7]. 
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EAR =  
||p2−p6||+ ||p3−p5||

||𝑝1−𝑝4||
 …(1) 

The numerator of this equation computes the distance between the vertical eye landmarks while the denominator computes the 

distance between horizontal eye landmarks. The factor 2 in the denominator balances the equation appropriately since there is only 

one set of horizontal points but two sets of vertical points. 

The eye aspect ratio is approximately constant while the eye is open, but will rapidly fall to zero when a blink is taking place 

[7]. 

The EAR thus, calculated is used as the threshold value to detect forced blinking. The number of frames in which the EAR is 

less than the threshold value is recorded. If the number of frames, for which EAR< threshold value, is greater than the frame-

threshold (i.e. minimum number of frames) to detect the forced blinking, then the forced blinking is detected. The frame-threshold 

is used to avoid false selection of an option by normal blinks. 

 
Fig. 3: rim six facial landmarks of the eye [7] 

V. WORKING 

Primary list of options indicating the patient’s necessities will be displayed one-by-one on the LCD screen placed in front of the 

patient, iteratively until the patient responds to the option that corresponds to his/her requirement. In the proposed device, two 

main options provided are communication and movement. The patient’s eyes will be continuously monitored, and if the patient 

closes his/her eyes for a stipulated period of time, (e.g. 3 seconds), patient’s eyes won’t be detected for that amount of time. Thus, 

this will automatically trigger (through the back-end program executed by processor) the corresponding option displayed by the 

graphical interface (LCD screen) to be interpreted as the patient’s requirement. Once the option has been selected, a corresponding 

audio file will be played to communicate the selected requirement to people around the patient and incase the patient wants to 

move, corresponding signals will be given to the motor-drivers to drive the motors, to which wheels of wheelchair are connected.  

The time set for selection of a particular option will always be greater than blinking time of a patient so that the problem of 

accidentally selecting an option because of blinking will be avoided. Along with the options provided for the patient’s requirements, 

there will be a provision for modification wherein the patient or the caregiver can modify the existing panel of options. A keyboard 

will be provided which can be operated by the caregiver. In case, the patient wants to modify it, he has to choose the option ”others” 

which would be followed by the iterative display of alphabets, that would be selected by the patient one by one, to form a word. 

The word can be terminated by the patient with a full-stop, which is displayed along with the alphabets. This word will be displayed 

and an alerting system will be provided. The option to automatically store the new word created into the database of words 

displayed iteratively will also be provided. 

 
Fig. 4: GUI displaying various options 
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VI. FLOWCHART 

 
Fig. 5: Flowchart 

VII. RESULTS AND DISCUSSION 

Response is collected through blinks obtained for a stipulated amount of time (more than normal blink period), to avoid accidental 

blink, which does not require movement of limbs. Advantages of the device include its light weight and portability. Algorithm 

used avoids detection of moles and similar shapes and eye balls are detected even when the head is tilted as well as when there is 

variation in expression and luminescence. Provided that proper training is given to the patient (having IQ 30 or above), the patient 

can use this device.  

For making GUI customized, ‘other’ option is provided considering that the needs of different patients are different. Despite  

being time consuming, problem of false selection is reduced to a great extent. 

Being accustomed to the device and taking  proper training can result in reduction of time consumed in selecting a particular 

option but it will be always greater than (number of options passed)*(normal blinking period). Safety issues with this device mainly 

occurs in movement section as false input can lead to accident which limits the use of this device for navigation purpose to closed 

environments or under some guidance but can help them in performing simple tasks. 

VIII. CONCLUSION 

Proposed wheelchair is easy to use and advanced; use of eyeball detection makes it different from existing devices as it requires 

less effort to give feedback. Difficulties such as selection of small objects are solved; suggested prototype can be build up to realize 

System. This system can be used by MND patients to perform their basic task and communicate without any assistance. 

IX. FUTURE SCOPE 

In addition to blinking, other feedback options can also be incorporated for patient’s comfort. IOT can be used to track daily 

activities of patient and can be monitored remotely. In case of an emergency, message can also be sent to patient’s family member 

when no response is recorded for a long period of time. 
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