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Abstract— There are people in this world who are severely 

disabled due to quadriplegia, spinal cord injuries, central 

nervous system disorders or traumatic brain. Assistive 

technology plays a very vital role in their life. This 

technology helps them to live independent life. The “Tongue 

Operated Device” is a tongue operated Assistive 

Technology which is developed for such people to control 

their environment. This system consists of magnetic sensors 

mounted on a patients jaw to measure the magnetic field 

generated by a small permanent magnet placed on the 

tongue. The signals which are coming from sensors are 

transmitted across a wireless link and processed to control 

the wheelchair, media player in laptop etc. There are many 

Assistive Technologies but they are having certain demerits. 

The tongue is considered as an excellent appendage in 

severely disabled people for operating an Assistive device. 

Key words: Assistive Technologies (ats), Tongue Drive 

System, magnetic sensors 

I. INTRODUCTION 

There are people in this world who are severely disabled due 

to quadriplegia, spinal cord injuries (SCI), central nervous 

system disorders or traumatic brain. They are unable to 

perform there every day task. In the United States, 11,000 

new cases of SCI are added every year to a population of a 

quarter of a million because of acts of violence, falls, and 

accidents. Fifty-five percent of SCI patients are between 16 

and 30 years old and will need lifelong special care that 

currently costs about $4 billion each year. With the help of 

assistive technologies, disabled people can live self-

supportive and independent life thus improves there quality 

of life.  Also it reduces the work of family member and 

caregiver and reduce there healthcare costs.[6] 

 
Fig. 1: Causes of Spinal Cord Injuries 

II. PROBLEM DEFINITION 

Person with disabilities as a result of various causes from 

traumatic spinal cord injury. Generally they perform their 

everyday task with extreme difficulty without continuous 

help. Such patients are not able to move their limbs and are 

dependent on other people for help. With the use of this 

system the user will live self-determine life and can do some 

kind of official work. Also the work load of family member 

and dedicated caretaker will get reduce as the user with the 

help of this system can do most of the work. 

III. PROJECT SCOPE 

In this system, Patient can operate wheelchair by moving the 

tongue Right, Left, Forward, Backward, according to 

movement of tongue chair can move Right, Left, forward 

and Backward. Also the patient can operate media player 

performing the specific function volume Up, volume Down, 

Play and Pause. Also if patient required some help or if he 

needs doctor then he can send three messages to his family 

members or to the doctor. The next step is to develop 

software to connect the this system to great number of 

devices such as generation of text, synthesize of speech and 

readers. Also the researchers plan to upgrade the system by 

introducing the standby mode to allow the individual to eat, 

sleep or talk, while prolonging the battery life.[2] 

 Moreover in future instead of sending limited 

messages patient can do chat and can operate cell phone 

through the tongue movement. Also patient can control 

whole computer system through the tongue movement. 

IV. LITERATURE SURVEY 

A. Diaphragm Controlled Assistive Technology: 

This assistive technology works on the principle of 

diaphragm control. With the help of straw the signal is send 

to a device by inhaling or exhaling. This technology 

typically consists of four different inputs from the user like 

hard inhaling, soft inhaling, hard exhaling and soft exhaling. 

It is one of the most inexpensive and simple technology, but 

the person who continuously use ventilator may avail of this 

technology.[4] 

1) Limitations: 

 We cannot assign more than four commands. 

 It is slow and awkward. 

 The straw and tube requires frequent cleaning. 

B. Head Mounted Assistive Technology: 

The head mounted assistive technology is developed for 

such a person who is suffering from quadriplegia but has 

retained certain kind of neck or shoulder movements. In this 

technology we can control computer mouse through 

movement of head. In one of the approach, an infrared beam 

emitted or reflected from a transmitter or reflector attached 

to user’s cap, glasses or headband is tracked, for controlling 

the movement of cursor. In one of the system tilt sensors are 

used to move the cursor in vertical and horizontal direction 

on computer screen. To detect the tilt from the gravity 

vector, the tilt sensor generally makes use of inertia. As the 

user move the head in some direction the angle between a 
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sensing axis and a reference vector that is earth’s magnetic 

field is detected by sensor and depending upon the angle 

cursor movement will take place.[4] 

1) Limitations: 

 It constantly requires neck or shoulder movement 

which is tiring and uncomfortable for the user.  

 The head of the user should always be in the range 

of sensor otherwise the user cannot be able to 

control the movement of cursor. 

C. Neural Interface System: 

Recent advancement in neuro-technology has helped the 

users who cannot benefit from mechanical movement of any 

body organs by developing the series of devices known as 

Brain Computer Interfaces (BCI) or Neural Interface System 

(NSI). This system control the external devices by detecting 

user’s intention by utilizing electric signal originated from 

brain waves. The interface between the computer and brain 

become possible for the researcher due to noticeable 

progress in mathematical modeling for decoding of neural 

signal, detail understanding of the cortical region of the 

brain and development of new implantable microelectrode 

array. Brain computer Interface can be classified into 

invasive and non-invasive system. The majority of the 

human Brain Computer Interfaces are invasive depend on 

the sensing of field potential signals recorded on the scalp 

using electroencephalography (EEG) or 

electrocorticography (ecog) signals directly from the cortical 

surface for e.g. Brain Gate is an invasive technology using 

intra-cortical electrodes.  Another type of BCI uses non-

invasive technology for e.g. Cyber link is a non-invasive 

interface using electrodes attached to the forehead. In 

invasive system for making good electrode contact with the 

cortical region considerable amount of time is required 

because if good contact is not possible the electrode is 

removed and cleaned each and every time until we create 

good electrode contact. Hence it set up time is more. Also 

this system is prone to high error rate as the signal generated 

by the EEG has very small amplitude. The system can give 

unwanted command to the device due to interference of 

signals resulted from other activities such as talking and 

muscle contractions. [4] 

1) Limitations: 

 A heavy signal processing and complex 

computational algorithm can be used but it will 

increase the cost and delay. 

In addition, such a highly invasive technology may 

not be preferred by the potential users. 

V. IMPLEMENTATION 

Tongue Drive System uses tongue to operate the system 

because the tongue is directly connected to the brain by a 

cranial nerve that generally escapes damages in severe spinal 

cord injuries. Also the tongue movement is fast, accurate and 

do not require much thinking, concentration or efforts. Also 

there is similarity between tongue muscle and heart muscle 

hence it does not fatigue easily. Therefore a tongue based 

device can be used for continuous long time. The tongue can 

be comfortably moved by the user at the resting position also 

and hence this system can be operated by patients at resting 

position also. 

A. System Architecture: 

 
Fig. 2:  System Architecture 

In Tongue Operated Device, we will be using magnetic 

Hall-effect sensors and one magnet. Magnet will be placed 

on patients tongue which will measure the magnetic field. 

The magnetic hall-effect sensors are mounted on a dental 

retainer and attached on the outside of the teeth to measure 

the magnetic field from different angles and provide 

continuous real-time analog outputs. Fig. 2 shows the 

Tongue Operated Device block diagram. 

The analog outputs are then digitized, modulated, 

and transmitted to the external controller unit (laptop) across 

a wireless link and user control commands that are then 

wirelessly communicated to the targeted devices in the 

user’s environment.  

The signals received by the external controller unit 

(laptop) are demodulated and de-multiplexed to extract the 

individual sensor outputs. By processing these outputs, the 

motion of the permanent magnet and consequently the 

tongue within the oral cavity is determined. Assigning a 

certain control function to each particular tongue movement 

is done in software and can be easily customized control 

functions may then individual user. These customized 

control functions may then be used to operate a media 

player on computer, sending messages to the family member 

or to the doctor and also operates wheelchairs. 

Basically in this system four sensors and one 

magnet is used. These four sensors are placed on a dental 

retainer left, right, up and down. The down sensor is used 

for mode selection and left, right and up sensors is used for 

performing functions. If the patient wants to move the wheel 

chair to in the left direction. Then first patient need to select 

the mode. There are three different modes: a) For 

controlling media player, b) For sending messages, c) For 

controlling wheel chair. So the patient has to click the down 

sensor thrice for moving the wheel chair. After clicking the 

down sensor thrice that means that respective mode is 

selected. Once the mode is selected patient needs to click the 

left sensor in order to move the wheel chair towards left. In 

this manner system performs the different functions based 

on tongue movement. 
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B. Mathematical Model: 

Let S be a tongue drive system that recognizes tongue 

movements. 

S = {I, G, M, F, O} 

Where, I is a set of selected input reading; 

G represents a set of all input readings; 

 M represents operations such as media player 

(play, pause, volume increase and volume decrease), wheel 

chair movements (forward, backward, left and right) and 

sending three messages. 

F represents functions (f1, f2, f3… f12). 

O represents output; 

G = {G1, G2... G12} 

I = {I1, I2…I12} 

I is a subset of G. 

1) CASE 1: 

Success of the system will be depending upon when: 

Ii=Fj where Ii € I 

Fj € F where 1 <= j <=12 

2) CASE 2: 

Failure of the system will be depending upon when: 

Ii≠Fj where Ii € I 

Fj € F where 1 <= j <=12 

 
Fig. 3: Multiplicity Constraints 

 
Fig. 4: Venn diagram 

VI. CONCLUSION 

There are many assistive technologies which have been 

developed for traumatic disabled people. But our system is 

more efficient than other technologies. Tongue operated 

system improves the paralyzed patient's life and can lead a 

self-supportive independent life. In this Technology patient 

uses tongue to operate the nearby devices. This technology 

works by tracking movements of permanent magnet, 

secured on the tongue. This allows a small array of sensors 

to capture a large number of tongue movements. Thus, 

providing quicker, smoother, and more convenient 

proportional control compared to many existing assistive 

technologies. Other advantages of the Tongue Drive system 

are being unobtrusive, low cost, minimally invasive, 

flexible, and easy to operate. A more advanced version with 

custom designed low-power electronics that entirely fit 

within the mouthpiece is currently under development. The 

signals from the magnetic sensors are linear functions of the 

magnetic field, which is a continuous position dependent 

property, thus a few sensors are able to capture a wide 

variety of tongue movements 
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