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ABSTRACT 

 

Sign language is the only way to communicate for listening and talking with disabled people. 

Approximately 10% of deaf people use sign language as their first language [1]. We design a hand glove 

that will make the sign language understandable to all. An android mobile phone app is used to receive a 

voice which will convert it to speech and send it to the hand glove through wireless communication system. 

The result is shown on the LCD display of the glove. When the hand is moved, letter and word will be 

detected according to valid movement. As a consequence, the output will be displayed on mobile and LCD 

display. 

Keywords: Sign Language, Dump, Deaf, ASL, Text to Speech.  

 

1 INTRODUCTION 

Among various ideas, but we selected a project 

that will help a group of people who are unable to 

listen and speak like as common people. This project 

helps those peoples to easily communicate with the 

common people. This project is not only just a 

scientific approach, but also introduces a prototype 

that can be applied in reality.  

It is really so hard for normal people to understand 

what deaf and mute people want to say. Normal 

people do not understand what they are saying. For 

their deafness, they are almost ignored in our 

society. But we believe they can contribute to our 

society. We try to solve this problem for deaf and 

mute peoples. Our project is to convert finger 

movement into displaying letters and to store this 

conversion letters in a micro-controller based system 

that converts movements of the fingers to alphabets 

and words are displayed on an LCD.  

This product will be compact and portable. We 

have also attached a rechargeable battery as an 

energy source. We used the table of sign language as 

figure1.1 as the USA way to convert movements of 

the fingers to alphabets. 

 

 

 

Fig. 1.1. ASL sign language alphabets [2]. 

1.1 Background 

 

In the fifth century BC Aristotle was the first to 

feel necessity of sign language. The recorded 

history of sign language in western societies started 

in the 17th century. Like other language different 

region of the world has different sign language 

.American sign language’s name is ASL. The 

British sign language’s name is BSL. During the 

partition of 1947 Hindus moved to west bengal and 

Muslim moves to east bengal (Bangladesh).  
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So it created two different sign language’s named 

WBSL for west Bangla and BaSL for Bangladesh 

[3]. In 2014, according to the World Federation of 

the Deaf (WFD), over 70 million deaf and mute 

people are using sign language as their first 

language. In Bangladesh their number is 2.6 

million. So their percentage is 1.733%. Among all 

the language american sign language (ASL) is easy 

to learn. So we developed a device which helps to 

understand ASL for all the people. 

 

2 HARDWARE AND SOFTWARE 

In this project we have used different types of 

hardware and software. Arduino Mega 2560, Flex 

sensor,Gy-521 sensor,HC-06 was the main 

hardware. Arduino IDE, MATLAB, Simulink, 

PLX-DAQ and Android Studio were mainly use in 

this project as software’s. 

 

2.1 Hardware 

We have used atmega2560 as the processor for 

the system. To sense the movement and the bend of 

the fingers gyro and flex sensor is used. A display 

is used to show the message to the display. Also we 

use a Bluetooth module HC-06.Here, are some 

specification of this hardware: 

We have used an Arduino Mega board which is 

based on Atmega 2560.Arduino Mega has total of 

100 pins. Among these pins 16 is analog and 54 is 

digital. It has also 4MB EEPROM space and 256 

Kbytes flash memory [4]. It is operated at 16MHz 

frequency. Atmega 2560 is 8-bit micro-controller. 

Default bit rate of data transmission is 9600. It is 

also enabled in Universal 

Synchronous/Asynchronous Receiver/Transmitter) 

(USART), Serial Peripheral Interface (SPI) and 

Inter-integrated Circuit (I2C) [4]. EEPROM 

write/erase Cycles of Atmega 2560 is 10,000 to 

100,000[4]. 10-bit ADC. It has two 8-bit and four 

16-bit Timer [4]. 8-bit Timer/Counters have 

Separate pre-scaler and compare mode [4].16-bit 

Timer/Counter has separate pre-scaler, Compare 

and capture mode [4]. It has also four 8-bit PWM 

Channels [4]. Atmega 2560 is enabled in external 

and internal interrupt. 

 

Fig. 2.1. Arduino mega pin-point diagram [5]. 

 

Arduino mega has an on-board voltage regulator, 

So, it is capable to take an input voltage from 6 V 

to 20 V [6]. But it is recommended to give an input 

voltage from 7 V to 12 V and maximum input 

current 500 V [6].Pin output voltage 5 V and output 

current is 20 mA.It has also built in power supply 

which can provide 3.3 V and 5V. The 3.3 V pin has 

50 mA current. 

Avoid Flex sensor is a resistance. This changes 

its resistivity with bend of this sensor. There are 

mainly three types of flex sensor [7]. They are: 

1. Conductive ink-based 

2. Fiber-optic 

3. Conductive fabric/thread/polymer-based 

We used ink based flex sensor which is made of 

carbon resistive element [8]. 

 

Fig. 2.2. Ink flex sensor. 
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It has flat resistance 25 K ohm [9]. Depending on 

bending resistance range is 45 K to 125 K Ohms. It 

has bent life cycle less than one million [9]. Flex 

sensor normal power rating is 0.50 watt and a 

maximum power rating is 1 Watt [9].  

 
Fig. 2.3. Resistance change with bending. 

 

We used MPU6050 (GY-521) for sensing the 

movement of our hand. MPU 6050 is integrated 6-

axis motion tracking device. This combined with  

3-axis gyroscope , 3-axis accelerometer,3-axis 

compass and with a Digital Motion 

processor(DMP).It has three analog to digital 

converters(ADC) for digitizing the output of the 

gyroscope which give  access of program at full 

scale range of  ±250, ±500, ±1000, and ±2000°/sec 

(dps) [10]. Also there are three analog to digital 

converters(ADC) for digitizing the output of the 

accelerometer  which give  access to program at full 

scale  range of ±2g, ±4g, ±8g, and ±16g [10]. It is 

also compact with pressure sensor, temperature 

sensor. Input voltage range for power MPU6050 is 

2.375V-3.46V [11]. Normally 3.3 V is applied to 

power up the MPU600.It has on chip 1024 Byte 

FIFO (First In First Out) [10]. It helps to reduce 

power consumption and provide less probability to 

loss the sensor data. It is enable of I2C (Inter-

Integrated Circuit) communication. At 400 kHz 

speed I2C (Inter-Integrated Circuit) communication 

is used to communicate with all registers of the 

device [10]. We mainly designed our system to 

sense the movement of the hand using the 

gyroscope data. 

 

 
Fig. 2.4. MPU 6050(GY-521) diagram. 

 

 
 
Fig. 2.5. Roll, Pitch and Yaw direction of gyro. 

 

Bluetooth is a wireless technology to transfer 

data over a short distance. It uses short wave length 

radio wave. Bluetooth operates in ISM band at 2.4 

GHz [12]. In our project we use a Bluetooth 

module to build a communication between hand 

gloves and android phone. Since Bluetooth is low 

cost and low power consumption communication 

way. So we are using Bluetooth module HC-06. 

HC-06 follows the Bluetooth V2.0 protocol. It 

has the operating voltage of 3.3 V and current 40 

mA. 

 

Fig. 2.6. HC-06 Bluetooth module[13]. 

 

We used 24X4 LCD display. This display is used 

to show the messages after valid information get 

from the app. 

 

 
 

Fig. 2.7. 20X4 LCD display[14]. 

 

We design and build a board to control the power 

of total device (hand glove). Switches are used to 

control the power of each device. Also add three 

led lights and a buzzer for the indication. One led 

light is used for the indication of the power. 

Another led light will be indicating the calibration. 

And when the calibration is done this light will be 

off and the buzzer will give sound for 3 seconds. 

The third light indicates when the device is ready to 

work. 
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Fig. 2.8. Power board. 

 

2.2      Software 

In this project we use the Arduino IDE software 

to program the Arduino Mega 2560.Android studio 

is used to make the android app. For the analyzing 

the data we used MATLAB, Simulink and PLX-

DAQ. MATLAB is used to analyze resistance of 

the Flex sensor. Simulink is used to analyze the 

finger bending. And PLX-DAQ is used to analyze 

the gyro sensor data. 

This is the app layout. We use this app to build 

the communication between the mobile and the 

hand glove. Through this app massage will be sent 

and received. We have connected this app with the 

hand glove using Bluetooth communication system. 

This app shows “Your device is not connected” 

when there is no connection between the app and 

the hand glove. After connecting the app with the 

hand glove, all the messages which are coming 

from the hand glove will show on that place. This 

app has two options to send the messages to the 

hand glove. One is text option and another is using 

voice API. In the text option, normally we write the 

text and then send. For voice API, mobile need to 

be connected to the internet. After pressing the 

voice button, app user will talk. All the speech will 

be shown in the app and by pressing the send 

button, message will be sent to the hand glove. 

 

 
 

Fig. 2.9. Mobile app preview. 

 

3 EXPERIMENTAL STUDIES 

We have done some measurements and analysis 

with some parts of the device before the 

initialization of the device. These topics are 

mentioned below. 

3.1  Resistivity Measurement and Analysis  

We use a resistance and a flex sensor in series to 

take the value from sensor. We use voltage divider 

to get the sensor value. 

Output voltage=Vin*R2/(R1+R2) 

 

 
 

Fig. 3.1. Flex sensor circuit diagram. 

 

We plot the output voltage versus flex sensor per 

degree bend resistivity. Then we plot the data also 

fitted the curve to see the sensor output behavior. 

Degree_for_bend=[0,5,10,15,20,25,30,35,40,45,5

0,55,60,65,70,75,80,85,90]; 

output_Voltage_from_sensor=[73,64,60,59,57,55

,54,52,51,49,48,47,44,42,41,40,39,37,35]; 

plot(Degree_for_bend,output_Voltage_from_sen

sor); 

title('Figure: Flex sensor per degree bend versus 

output voltage'); 

xlabel('Per degree bend of flex sensor'); % x-axis 

label 

ylabel('Output voltage of sensor(mV)'); % y-axis 

label 

 
 

Fig. 3.2. Sensor output Voltage versus bend per degree 

plot using raw data. 

 

Degree_for_bend=[0,5,10,15,20,25,30,35,40,45,5

0,55,60,65,70,75,80,85,90]; 

output_Voltage_from_sensor=[73,64,60,59,57,55

,54,52,51,49,48,47,44,42,41,40,39,37,35]; 

pf = 

polyfit(Degree_for_bend,output_Voltage_from_sen

sor,7); 

pv=polyval(pf,Degree_for_bend); 

plot(Degree_for_bend,output_Voltage_from_sen

sor,'o'); 

hold on; 

plot(Degree_for_bend,pv); 
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title('Figure: Flex sensor per degree bend versus 

output voltage'); 

xlabel('Per degree bend of flex sensor'); % x-axis 

label 

ylabel('Output voltage of sensor(mV)'); % y-axis 

label 

 
 

Fig. 3.4. Seven degree polynomial fitted curve. 

 

This is a seven degree fitted curve and the curve 

equation is y = - 8.6e-11*x^{7} + 2.8e-08*x^{6} - 

3.7e-06*x^{5} + 0.00026*x^{4} - 0.0099*x^{3} + 

0.21*x^{2} - 2.6*x + 73 

From this curve, we can clearly understand that, 

as we are increasing the bending the output voltage 

is decreasing. The change of the output voltage 

with the bend the sensor or increase the resistivity 

is almost proportional to each other 

 

3.2  Finger Bending Analysis 

We have done real time simulation using the 

MATLAB SIMULINK software for the alphabets. 

This helped us to analyze the finger bending and 

the output for the finger bending.   

 

 
 

Fig. 3.5. Human hand finger [15]. 

 

Five fingers of our hand named Thumb, Index 

Finger, Middle Finger, Ring Finger Pinky.  

The first graph of upper left side (Scope1) is the 

graphical view of the Thumb. The first graph of 

upper right side (Scope2) is the graphical view of 

the Index Finger. Left side second graph (Scope3) 

is the graphical view of the Middle Finger. Right 

side second graph (Scope4) is the graphical view of 

the Ring Finger. Left side third graph (Scope5) is 

the graphical view of the Pinky. 

In the graph, the output voltage of the sensor in 

mV is in Y axis and along the X axis we have the 

simulation time in second. 

 
Fig. 3.6. Simulink diagram of the system. 

 

 

Fig. 3.7. English alphabet “A”. 

 

 

Fig. 3.8. English alphabet “B”. 

 

 

Fig. 3.9. English alphabet “C”. 
 

 

Fig. 3.10. English alphabet “D”. 

0 10 20 30 40 50 60 70 80 90
30

35

40

45

50

55

60

65

70

75
Figure: Flex sensor per degree bend versus output voltage

Per degree bend of flex sensor

O
u
tp

u
t 

v
o
lt
a
g
e
 o

f 
s
e
n
s
o
r(

m
V

)

 

y = - 8.6e-11*x7 + 2.8e-08*x6 - 3.7e-06*x5 + 0.00026*x4 - 0.0099*x3 + 0.21*x2 -

      2.6*x + 73

7th degree polynomial curve

Real data point



43 

 

 

 

 

 

 

A. A. Mamun et. al / International Journal of Computer Networks and Communications Security, 5 (2), February 2017 

 

Fig. 3.11. English alphabet “E”. 

 

 

Fig. 3.12. English alphabet “F”. 

 

 

Fig. 3.13. English alphabet “G”. 

 

 

Fig. 3.14. English alphabet “H”. 
 

 

Fig. 3.15. English alphabet “I”. 

 

 

Fig. 3.16. English alphabet “K”. 

 

Fig. 3.17. English alphabet “L”. 

 

 

Fig. 3.18. English alphabet “M” 

 

 

Fig. 3.19. English alphabet “N”. 

 

 

Fig. 3.20. English alphabet “O”. 



44 

 

 

 

 

 

 

A. A. Mamun et. al / International Journal of Computer Networks and Communications Security, 5 (2), February 2017 

 

Fig. 3.21. English alphabet “P”. 

 

 

Fig. 3.22. English alphabet “Q”. 

 

 

Fig. 3.23. English alphabet “R”. 

 

 

Fig. 3.24. English alphabet “S”. 

 

 

Fig. 3.25. English alphabet “T”. 

 

Fig. 3.26. English alphabet “U”. 

 

 

Fig. 3.27. English alphabet “V” 

 

 

Fig. 3.28. English alphabet “W”. 

 

 

Fig. 3.29. English alphabet “X”. 

 

 

Fig. 3.30. English alphabet “Y”. 

 

From the above graphs it is clearly shown that for 

a single letter sensor data is varying along the time. 

So, an algorithm needs to be added to ensure the 

proper use of the sensor data. 

 

3.3 Hand Movement Analysis 

To track the hand movement, we use the 

gyroscope. A gyro sensor measures the changes in 

angular velocity. If there is a change in any axis, 

then it sends the electrical signal output. Gyro 

sensor gives a lot of drift value output. We use 

PLX-DAQ software to analysis the gyro sensor. 

Before adding the calibrating algorithm, we took 

some gyro sensor data and analyze it. This time we 

did not move the gyro sensor and then took the 

gyro sensor raw data’s. After that we plot the raw 

data like the following figure 3.31. 
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Fig. 3.31. Roll, Pitch and Yaw graphical view before 

adding the calibrating algorithm. 
 

In the graph of roll, pitch and yaw, it is clearly 

shown that how the data is varying. Data is 

fluctuating more than (+-1). Though, we did not 

move the gyro sensor. So, in this situation, it is 

difficult to take any decision using the gyro sensor 

data. After that we added the calibrating algorithm 

and took the sensor data for plotting it. 

 

 

Fig. 3.32. Roll, Pitch and Yaw graphical view after 

adding the calibrating algorithm. 
 

From the figure 3.32 of the roll, pitch and yaw it 

is clearly shown that data is fluctuating almost (+-

0.2). This value is much less than the before adding 

the algorithm part. Now it is much easier to take a 

decision by watching the sensor data. 

Some examples are given below: 

 

 

Fig. 3.33. Gyro sensor data plot for the “Hello” 

word. 

 

 

Fig. 3.34. Gyro sensor data plot for the “Nice” word. 
 

4 SIGN LANGUAGE RECOGNITION 

PROCESS 

Our project has two parts. One is hand glove and 

another is mobile app. Disable people will use the 

hand glove and the normal people will use the app. 

Through this glove data will transfer and receive 

through wireless device to the smart phone. The 

received data from the smart phone will be 

displayed in the display of the hand glove. 

 

 

Fig. 4.1. Hand glove without the power horizontal angle. 

 

Fig. 4.2. Hand glove without the power vertical angle. 
 

 

Fig. 4.4.  Hand glove is powered up. 

 

 

Fig. 4.3. When the app is not connected with the hand 

glove. 
 

 

Fig. 4.5. Letter “A” comes from the hand glove 
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Fig. 4.7. Sentence “Nice to Meet U” comes from the app. 

 

Fig. 4.8. Using Google speech API from the app. 

 

4.1 Block Diagram of the System 

The block diagram of the total system is shown in 

figure 4.10, This is the proposed block diagram of 

the system. Arduino Mega2560 is used as the 

processor of the system. Flex sensor, Gyro sensor, 

LCD display and the Bluetooth module are 

connected with the Arduion Mega. Flex sensor 

sense the finger bending. Flex sensor gives output 

in voltage. This output is used to feed to the 

Arduino analog input. Since the sensor value is 

analog. Gyro sensor is used to sense the hand 

movement.Gy-521 had been used as gyro sensor, 

which helps to communicate with other device 

using I2C and SPI communication system. I2C 

communication is used to communicate between 

Arduino Mega 2560 and Gy-521.Bluetooth 

communication is used to communicate between 

the Mobile app and hand glove.HC-06 is used as 

Bluetooth module. Bluetooth Module uses the 

USART communication system to build a 

communication path between hand glove and 

mobile app. Whenever disable people shows any 

sign, if the sign expresses any letter or word or 

sentence that will be sent to the mobile app. And on 

the mobile app screen that message will be shown. 

Again the Mobile app user can send any letter or 

word or sentence to the hand glove. In our 

prototype we did not include one part that is data 

storage part “SD card or Cloud”. This storage part 

will be added to the processor directly. The entire 

library and the important data will be stored here. 

When any data is necessary the processor will pick 

that data and send to the users from the storage 

device or cloud. 

 

Fig. 4.10. Total system block diagram. 

4.2 Working Principle 

This project has two parts, one is mobile app and 

another is hand glove. After the hand glove is 

powered up, every fingers and hand movement 

each time will try to detect word or letter for its 

given pattern. If the finger or hand movement data 

is recognized, then it will be sent on to that app for 

display. If the finger or hand movement data are not 

recognized, then letter or word will not be shown. 

The working principle of the total system is shown 

on the flow chart diagram. 

 

Fig. 4.11. Flow chart of the total system. 

 

In the flow chart, device indicates the hand glove. 

As we said earlier, this device has two parts app 

and hand glove. At first, it requires to be power up 

the device. Through the Bluetooth communication 

system the device and the app are connected. After 

building a successful communication path, hand 

glove device will be able to communicate with each 

device. Each and every finger is attached to flex 

sensor. So, flex sensor will give data for any types 

of finger movement. Gyro sensor can sense the 

movement in any direction. A gyro sensor was 

added to the hand glove. So, any movement of hand 

glove, gyro sensor will give the sensor data. For 

each and every particular letter and word, has a 

specific meaning. For each combination of the flex 

sensor and gyro sensor data has decoded a specific 

letter or word. Whenever the data matches with the 

decoder letter or the word processor, (Arduino 

Mega 2560) it will send that letter or the word to 

the app through the Bluetooth communication. 
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Whenever the app gets that letter or the word, it 

shows that letter or word at once on the app screen. 

In our model, the only way to communicate with 

the disable people is mobile app. There are two 

options to send sentence or word or letter to the 

disable people. One option is to write the text or the 

letter. And press on the send button on the app. 

Through Bluetooth communication, the text or the 

letter will go to the hand glove. This letter or the 

text will be received by the Bluetooth module (HC-

06).Then the text or the letter will be sent to the 

hand glove processor(Arduino Mega2560).And the 

processor will send the text or the letter to the LCD 

screen on the hand glove.  In this way, internet 

connection will not be needed. As another option, 

we can use Google speech API. To use this option, 

app user needs to have an internet connection. 

Google speech API works as voice recognizer. 

There is a button for the voice recognizer. 

Whenever the app user, presses on the voice 

recognizer button, it will get active to receive the 

speech. Whatever the user will talk infront of the 

app, the app will receive that. And that speech will 

convert into text and show on the app screen. Now, 

if the app user willing to send the text to the hand 

glove LCD screen; he/she will press the send 

button. Then the text will be shown on the hand 

glove screen. In this way disable people and a 

normal person will communicate with each other. 

 

5 CONCLUSION 

 

During this project we face various types of 

challenges. We have tried to minimize the problem. 

Since this was a prototype our focus was to build a 

model, which can solve or minimize the 

communication problem for the disable people. 

 

5.1 Result Discussion 

We successfully decode all the alphabets. Though 

there was a small problem of detecting the 

difference between “U” and “V”. 

We also decoded some words. Two person 

conversations were made by using these words. 

That conversation was between “Polash and 

Mamun”. Where Polash was a disable person and 

Mamun was a normal person. 

Mamun: Hi  

Polash: Hello 

Mamun: My name is Mamun. 

Mamun. : What is your name? 

Polash: I am Polash.  

Polash: Nice to meet you. Goodbye 

Mamun: Nice to meet you too.  

Polash: Goodbye. 

   Mamun: Bye. 

5.2 Drawback 

We do have some drawbacks in our project. The 

difference between letter “U” and “V” is sign 

language is very small. So there is a small 

contradiction between “U” and “V” for detecting. 

Decoding all the sign language needs lot of 

research. We did not decode all the words. A very 

few words was decoded. These are the drawbacks 

of our project. 

Also there were some hardware drawbacks in our 

project. Flex sensor was life cycle of bending less 

than one million. Most important thing is every 

time we bend the Flex sensor decrease the sensor 

value accuracy. In fact every time sensor value is 

changed a little bit. Another problem was the gyro 

sensor drift sensor value. 

 

5.3 Future Work 

We The first things we want to do is to replace 

the whole hand glove using “E-TEXTILE”. E-

TEXTILE will make this hand glove light weight. 

When we will use “E-TEXTILE” there will be no 

wire. 

 Also, we need to minimize the power 

consummation of this device as well. 

As we can see from graphical view of the letters, 

sensor values will be changed from person to 

person. So, it is difficult to recognize language 

using hard coding. That is why we are proposing an 

algorithm called K Nearest Neighbors. Using this 

algorithm we can easily detect the sign language. In 

pattern recognition, the k-Nearest neighbors 

algorithm is a non-probability distribution 

technique used for classification and regression. 

K Nearest Neighbors algorithm is,  

The output is a class membership. An object is 

classified by a majority vote of its neighbors, with 

the object being assigned to the class most common 

among its k nearest neighbors (k is a positive 

integer, typically small). If k = 1, then the object is 

simply assigned to the class of that single nearest 

neighbor [16]. 

 

Fig. 5.1. Example of K Nearest Neighbors. 

 

For example, the test sample is green circle. 

Now, it should be classified either to the first class 

of blue squares or in the second class of red 

triangles. Let k = 3 solid lines, circle and k = 5 

dashed line circle. If K=3 then, it is assigned to the 

second class because there are 2 triangles and only 

https://en.wikipedia.org/wiki/Pattern_recognition
https://en.wikipedia.org/wiki/Statistical_classification
https://en.wikipedia.org/wiki/Integer
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1 square inside the inner circle. If K=5 then, it is 

assigned to the first class because 3 squares and 2 

triangles inside the outer circle. 

Since different people will express their sign in 

different ways. To make it more realistic we need 

to add a matching learning algorithm. This device 

will first learn how the person behaves or the sign 

for the specific a word or a letter. After that, it will 

respond according to the user sign. 

We also prefer to add a cloud system. All the 

algorithms, libraries, functions of this device will 

be saved in the cloud. Raw data will send to the 

cloud and after computation result will come from 

the cloud to the device. In this way this device will 

be faster and more accurate than before. 

Disabled people are the part of our society. To 

make a better world we need to work together. Our 

project is a one step to make the disable person 

equal to the normal person. This is a prototype 

device. Long term research needs to be done to 

make it available for the disabled person. 
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