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Abstract: In this paper a wearable glove based 

communication system is developed for Quadriplegia 

subjects using atmega328 microcontroller. Effective 

communication with and by people suffering from 

catastrophic disability is a serious problem requiring a 

constructive solution. Quadriplegia being the immobility 

of all four limbs and ones torso rendered by paralysis 

may leave the communicator totally unable to express 

themselves to medical teams and family alike. Complete 

paralysis of all motor nerves disables the physical 

function of lower part of the body below neck region. In 

such cases brain computer interface (BCI) will be the 

effective way of communication for the patients. This 

paper proposes a communication aid designed for the 

partially paralyzed patients. Wearable gloves are worn by 

the patient and it is used to communicate and alert the 

care taker and physician at several conditions. The flex 

sensors are fitted with the glove which is then connected 

to the Arduino Uno board (atmega 328 micro controller) 

for sensing change in resistance values of sensors when 

flexed. The atmega328 is programmed in such a way that 

change in resistance values are converted into simple 

words like ‘help’, ‘water’, ‘emergency’ etc and these 

words are transmitted by RF transmitter. At the remote 

location RF receiver receives the signal and Arduino uno 

board at receiver end converts the signal into words using 

atmega328 microcontroller and displays in the serial 

monitor. Wearable Pulse oximeter which is used to 

measure the heart rate of the patient and the sensor is 

interfaced with the Arduino Uno board which maps the 

heart rate value and displays in the serial monitor at 

receiver end. If the heart rate value of the patient 

becomes less than 50 beats per minute (bpm) then the 

Arduino enables the Global System for Mobile 

communication GSM (900) shield and makes call to the 

physician. Also the 3axis accelerometer fitted to the 

patient supine position using Velcro strap which is used 

as the patient fall indicator. The axial values are 

measured using atmega328 and change in axial position 

enables the buzzer alarm which indicates that the patient 

has fallen.  
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1. Introduction 

 

Paralysis can be either partial or complete. Paralysis 

of both the arms and legs has been traditionally been 

called quadriplegia. Quad comes from the Latin for 

four and plegia comes from the Greek for inability to 

move. Currently the term tetra plegia is becoming 

more popular, but it means the same thing. Tetra is 

from the Greek for inability to move. The primary 

cause of quadriplegia is a spinal cord injury, but other 

conditions such as cerebral palsy and strokes can cause a 

similar appearing paralysis. The amount of impairment 

resulting from a spinal cord injury depends on the part of 

the spinal cord injured and the amount of damage done. 

Injury to the spinal cord can be devastating because the 

spinal cord and the brain are the main parts of the central 

nervous system, which sends messages throughout your 

body. When the spinal cord is injured the brain cannot 

properly communicate with it and so sensation and 

movement are impaired. The spinal cord is not the spine 

itself, it is the nerve system encased in the vertebrae and 

discs which make up the spine. 

          Quadriplegia occurs when the neck area of the 

spinal cord is injured. The severity of the injury and the 

place it occurred at determine the amount of function a 

person will maintain. A major spinal cord injury may 

interfere with breathing as well as with moving the limbs. 

A patient with complete quadriplegia has no ability to 

move any part of the body below the neck; some people 
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do not even have ability to move the neck. Sometimes 

people with quadriplegia can move their arms, but have 

no control over their hand movements. They cannot grasp 

things or make other motions which would allow them a 

little independence. New treatment options have been 

able to help some of these patients regain hand function. 

         Previously wearable sensors are used to monitor the 

body temperature of the patients. These wearable sensors 

are highly effective in monitoring the new born infants 

[1].A Zigbee based wireless sensor based network for 

patient health monitoring [1] was developed and the 

system has a heartbeat sensor, MEMS sensor, body 

temperature sensor, saline level sensor and the results are 

transmitted via Zigbee which is used the monitor the 

elderly. The advanced coma patient monitoring system 

[2] using image processing techniques such as pattern 

recognition and pattern rejection algorithm, was 

developed later on. A remote patient health monitoring 

system using Zigbee protocol to monitor certain patients 

who needs continuous monitoring such as heart failure 

[5]. This system has a temperature sensor and heartbeat 

sensor and these values are transmitted using ATMEGA 

and the Zigbee unit. The rapid upper limb tremor 

movements are detected using 3D accelerometer. This 

system is very effective in detecting the angle, posture of 

the upper limb[9]. 

        This communication aid prototype consists of 

wearable sensors like flex sensors, heart rate sensor, 3 

axis accelerometer. All these sensors come under sensor 

unit. These sensors are used to sense the different 

physiological parameters like finger movements (flex 

sensor), heart rate(heart rate sensor), patient posture 

(3axis accelerometer). The Analog values of these 

sensors are mapped by the Atmega microcontroller and 

transmitted through RF transmitter. The RF receiver 

connected to the Arduino uno board which is placed at 

remote location receives the values and displays at the 

serial monitor. In critical conditions if the heart rate of 

the patient falls down below 50 bpm the micro controller 

enables the GSM (900) shield and sends an alert sms to 

the physician. The micro controller enables the buzzer 

alarm when the axis of the accelerometer is changed. 

 

 

 

 

 

 

 

 

 

 

 

 

2. Methodology 
 

 
 

Figure 1. Work flow 

 

The hardware unit consists of wearable sensors like flex 

sensors, heart rate sensor, 3axis accelerometer, RF 

transmitter and receiver, atmega328 micro controller, 

buzzer alarm. When the quadriplegia patient needs to 

communicate with the common people, they can use the 

wearable gloves. The gloves are permanently fitted in the 

hand. Whenever the patient wants to communicate with 

others, they can bend the flex sensor so that the change in 

resistance occurs and the microcontroller senses the 

change in resistance of the sensor and wireless 

transmission is achieved by RF transmitter and receiver. 

Once the RF receiver receives the signal it sends the 

signal to micro controller on the receiver end and this 

micro controller converts the signal as text. 

Simultaneously the heart rate is also monitored. In case of 

decreased heart rate the micro controller enables the GSM 

shield to make an alert sms to the physician. The 3 axis 

accelerometer fitted on the supine position of the patient 

acts as the patient fall detector, whenever the patient falls 

off from the bed or wheel chair the change of patient 

posture ,angle ,plane are detected and buzzer alarm 

enabled by micro controller alerts the people nearby that 

the patient has fallen. 

 

 

 

 

International Journal of Pure and Applied Mathematics Special Issue

456



 

3. Sensor Unit 

 
A. Flex sensor 

 

 
 

Figure 2. Flex sensor 

 

Flex Sensor is a unique component that changes 

resistance when the sensor is flexed. An unflexed sensor 

has a nominal resistance of 30,000 ohms (30 KΩ). As the 

flex sensor is bent the resistance gradually increases. 

When the sensor is bent at 90 degrees its resistance will 

range between 40-60 Kilo Ohms. In this paper five flex 

sensors are fitted with the cotton glove. When patient 

wears the glove, he/she can be able to flex and unflex the 

sensor. The flex sensor requires 5v power supply, which 

is taken from the arduino board. The coding is done in 

such a way at certain flex and unflex of sensor the change 

in resistance is converted into words by atmega 328 

micro controller. This module will be very much helpful 

in communicating with quadriplegia patients. These flex 

sensors are stitched with the gloves for flexible 

movement of sensors. 

 

3.1 3 Axis Accelerometer (adxl345) 

 

The ADXL345 is a small, thin, low power, 3-axis 

accelerometer with high resolution (13-bit) measurement 

at up to ±16 g. Digital output data is formatted as 16-bit 

twos complement and is accessible through either a SPI 

(3- or 4-wire) or I2C digital interface. The ADXL345 is 

well suited to measure the static acceleration of gravity in 

tilt-sensing applications, as well as dynamic acceleration 

resulting from motion or shock. Its high resolution (4 

mg/LSB) enables measurement of inclination changes 

less than 1.0°. Several special sensing functions are 

provided. Activity and inactivity sensing detect the 

presence or lack of motion and if the acceleration on any 

axis exceeds a user-set level. Tap sensing detects single 

and double taps. Free-fall sensing detects if the device is 

falling. These functions can be mapped to one of two 

interrupt output pins. 

         In this paper the 3axis accelerometer is used as 

wearable sensor to detect the patient posture on bed. This 

sensor is placed at the supine position of the patient using 

Velcro strap. If in case of any change in posture of 

patient, it can be detected by atmega 328 micro controller 

and it enables the buzzer alarm. The accelerometer axial 

values are transmitted via RF and monitored in any 

remote location using arduino uno board (atmega328) at 

receiver end serial monitor 

 

3.2 Heart rate sensor(pulse oximetry) 

 

The principle of pulse oximetry is based on the red and 

infrared light absorption characteristics of oxygenated 

and deoxygenated haemoglobin. Oxygenated 

haemoglobin absorbs more infrared light and allows 

more red light to pass through. Deoxygenated (or 

reduced) haemoglobin absorbs more red light and allows 

more infrared light to pass through. Red light is in the 

600-750 nm wavelength light band. Infrared light is in 

the 850-1000 nm wavelength light band. Pulse oximetry 

uses a light emitter with red and infrared LEDs that 

shines through a reasonably translucent site with good 

blood flow. Typical adult/paediatric sites are the finger, 

toe, pinnae(top) or lobe of the ear. Infant sites are the foot 

or palm of the hand and the big toe or thumb. Opposite 

the emitter is a photo detector that receives the light that 

passes through the measuring site. There are two methods 

of sending light through the measuring site: transmission 

and reflectance. In the transmission method, the emitter 

and photo detector are opposite of each other with the 

measuring site (finger) in-between. The light can then 

pass through the finger. In the reflectance method, the 

emitter and photo detector are next to each other on top 

the measuring site. The light bounces from the emitter to 

the detector across the site. In this paper transmission 

method is used for measuring the heart rate. At the 

measuring site there are constant light absorbers that are 

always present. They are skin, tissue, venous blood, and 

the arterial blood. However, with each heart beat 

the heart contracts and there is a surge of arterial blood, 

which momentarily increases arterial blood 

volume across the measuring site. This results in more 

light absorption during the surge. The heart rate sensor 

consists of 3 pins that is power supply (5v), gnd- ground 

pin, o/p-output pin. The output pin is the input to arduino 

board. The heart rate signals are transmitted wireless via 

RF and using the serial monitor at the receiver end the 

heart rate of the subject is displayed 
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3.3 Wireless transmission 
 

The RF module, as the name suggests, operates at Radio 

Frequency. The corresponding frequency range varies 

between 30 kHz & 300 GHz. In this RF system, the 

digital data is represented as variations in the amplitude 

of carrier wave. This kind of modulation is known as 

Amplitude Shift Keying (ASK).Transmission through RF 

is better than IR (infrared) because of many reasons. 

Firstly, signals through RF can travel through larger 

distances making it suitable for long range applications. 

Also, while IR mostly operates in line-of-sight mode, RF 

signals can travel even when there is an obstruction 

between transmitter & receiver. Next, RF transmission is 

more strong and reliable than IR transmission. RF 

communication uses a specific frequency unlike IR 

signals which are affected by other IR emitting sources. 

This RF module comprises of an RF Transmitter and an 

RF Receiver. The transmitter/receiver (Tx/Rx) pair 

operates at a frequency of 434 MHz. An RF transmitter 

receives serial data and transmits it wirelessly through RF 

through its antenna. The transmission occurs at the rate of 

1Kbps - 10Kbps.The transmitted data is received by an 

RF receiver operating at the same frequency as that of the 

transmitter. 

 

4. Result and discussion 
 

4.1 Arduino Microcontroller 

 

An Arduino is an open-source microcontroller 

development board. In plain English, you can use the 

Arduino to read sensors and control things like motors 

and lights. This allows you to upload programs to this 

board which can then interact with things in the real 

world. With this, you can make devices which respond 

and react to the world at large. In our paper arduino 

microcontroller is used to control the analog inputs like 

flex sensor, accelerometer sensor, heart rate sensor. The 

glove consists of flex sensor is fitted on the one hand and 

heart rate sensor is placed on the other hand. The 3 axis 

accelerometer is fixed at supine position of the position 

using Velcro strap. The flex sensor, hear rate sensor, 

accelerometer are connected to the analog ports of 

arduino. The coding is done in such a way that the sensor 

values are transmitted via RF module. The RF receiver at 

any remote location receives the signal and sends to the 

arduino at receiver end. The analog values are digitized 

by arduino and displayed on the receiver end arduino 

serial monitor. The various gesture of glove unit is 

converted as words and displayed at serial monitor. The 

heart rate and accelerometer sensor continuously 

monitors the heart rate and patient position at some time 

delay. If the heart rate falls down below 5o beats per 

minute the arduino enables the GSM (900) shield to 

makes an alert sms ‘heart rate of the patient is 50bpm’ 

and makes an alert call to the physician. In case, by 

chance if the patient falls down the change of one axis to 

another is detected and the arduino enables the buzzer to 

alert that the patient has fallen 

 

4.2 GSM(900)shield 
 

The GSM shield with Arduino is used to send/ receive 

messages and make/receive calls just like a mobile phone 

by using a SIM card by a network provider. We can do 

this by plugging the GSM shield into the Arduino board 

and then plugging in a SIM card from an operator that 

offers GPRS coverage. The shield employs the use of a 

radio modem by SIM Comm. We can communicate 

easily with the shield using the AT commands. The GSM 

library contains many methods of communication with 

the shield. This GSM Modem can work with any GSM 

network operator SIM card just like a mobile phone with 

its own unique phone number. Advantage of using this 

modem will be that its RS232 port can be used to 

communicate and develop embedded applications. 

Applications like SMS Control, data transfer, remote 

control and logging can be developed easily using this. 

The modem can either be connected to PC serial port 

directly or to any microcontroller through MAX232. It 

can be used to send/receive SMS and make/receive voice 

calls. It can also be used in GPRS mode to connect to 

internet and run many applications for data logging and 

control. In GPRS mode you can also connect to any 

remote FTP server and upload files for data logging This 

GSM modem is a highly flexible plug and play quad 

band SIM900A GSM modem for direct and easy 

integration to RS232 applications. It Supports features 

like Voice, SMS, Data/Fax, GPRS and integrated TCP/IP 

stack. To be connected to a cellular network, the shield 

requires a SIM card provided by a network provider. In 

this work the arduino board makes the connection to the 

shield board by connecting its TX to pin 0 of Arduino 

and pin 1 of Arduino to RX of shield. The SIM900 

GSM/GPRS Shield provides you a way to use the GSM 

cell phone network to receive data from a remote 

location. The shield allows you to achieve this via any of 

the three methods: 

• Short Message Service 

• Audio 

• GPRS Service 

         In this paper we control the GSM shield with 

simple arduino UART codes, to transmit and receive sms. 

When Atmega 328 receives heart rate value as below 

50bpm from heart rate sensor, it enables the GSM shield 

to transmit the alert sms and enables to call the physician. 
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The GSM shield consists of GSM SIM to transmit the 

heart value to doctor’s mobile phone as sms. This alert 

device works efficiently and can be able to alert the 

doctors and caretakers of quadriplegia patients at any 

instant. This project can be made handy and compact in 

future by reducing the wires and making it wireless 

transmission over long distance. The future work of this 

project includes by adding of voice output at the receiver 

end, where voice alert is delivered at caretakers rooms. 

We can also able to monitor the EEG signal of the patient 

side by side and can able to transmit the bio signal from 

user end to doctor’s smart phone. Comparing with brain 

computer interface projects this communication aid for 

quadriplegia patients are cost effective and easy to use. 

This aid is very effective in alerting physician when the 

heart rate of the patient goes below the normal range and 

by this way the patient can be saved from fatal deaths. 

The quadriplegia patients who were on wheel chair feels 

discomfort in using bathrooms, in case if the patient has 

fallen down in bathroom this accelerometer detects the 

patient fall and micro controller enables the buzzer to 

alert the people nearby. This communication aid is very 

much useful for the caretakers of quadriplegia patients 

and physicians who do regular check up for the patients. 

This aid breaks the communication barrier between the 

normal people and quadriplegia patients. 

 

 
 

Figure 3. SMS delivered to physician mobile phone. 

 

 
 

Figure 5.  words displayed in serial monitor. 

 

 
 

Figure 6. words displayed in serial monitor 
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