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GLOVES BASED HAND GESTURE RECOGNITION USING
INDIAN SIGN LANGUAGE
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Abstract-A dumb person can’t speak like a normal person. To have communication between dumb people and normal people,
gesture communication is challenging one. Image processing based techniques are requiring the camera to be in front of
gesture, which may not be possible all the time. To diminish communication gap in between dumb people and normal people,
hand gloves are designed which can be easily worn and operated by the dumb person. The resistance sensor and ADXL335
accelerometer sensor are fitted in hand gloves, which can easily measure the bend and movement of hand gesture of the user.
These sign signals are converted into a digital signal using ADC. The microcontroller is used to recognition hand gesture. After
recognition of gesture, these signals are sent to the android phone via Bluetooth module. The received text signal at an Android
phone is converted into speech signal using Text to Speech android app. The converted text to speech output is presented with
the help of speaker system so that it will be helpful to normal people to understand sign performed by the dumb person. The
LCD module is also used to display recognized gesture at microcontroller.

Keywords-Resistance sensor, ADXL335accelerometer sensor, Bluetooth, Android phone, LPC2138, text to speech app.

I. INTRODUCTION

The gesture is one of the nonverbal and nonvocal communication forms in which different parts of bodies are used to form
particular kinds of meaningful sentence or message[1]. The gesture is nothing but a movement of body specially hand, face,
head and lips to convey or express different ideas. The gesture is special tools in gestureinterpretation to express the thoughts,
particular in a dumb community [2][3]. Gestures allow individuals to communicate a variety of emotions and thoughts through
body language without the use of words when they speak[4][6]. This research is related to a dumb person which is helpful in
converting their gestures into voice signals. The developed tool gives freedom to dumb people to communicate with any
normal people. One thing about dumb people is that they can read the words or hear the sound like as a normal people bu can’t
speak [5]. So this is a difficult task for them. This research work helps to convert their hand gesture signal into an audio signal
so that normal people can understand easily. A normal people don't know anything about sign language. This research work is
basically valuable for Indian people as Indian sign language is used here.

Sign language:

Sign languages use different kinds of expression for communication in daily life. More particularly, it is one of the modes of
communication for dumb people. Thus, it provides a replacement for the speech based way of communication between dumb
people [7] [8]. Sign language recognition is very important in various fields such as engineering, medical also its impact gets
on the human society [9]. A sign language recognition system can provide contingency for the dumb people to communicate
with normal people without the help of an interpreter. Sign languages are well-designed languages with articulation,
investigation, syntax and grammar distinctive from spoken languages [10]. Actually, there is a difference between spoken
language and sign language in which spoken language makes use of words continuously, whereas a sign language makes use
of several body movements simultaneously in the spatial as well as in temporal space [11].
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Fig 1 Hand gesture using both hands [3]

This research work is implemented as per the shown fig 1 using two hand gestures for sign language recognition purpose. The
gesture can be performed either using one hand or two hands. There is a difference between one hand gesture and two hand
gestures. The presented research work is based on two hand gesture for implementation purpose. The Indian sign language is
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one of the standard sign language used in many different regions. Its origin is basically from British sign language and
American Sign Language. There are different ways to perform sign language such as dynamic or static, but dynamic hand
gesture recognition is difficult one. This work is using the static hand gesture for recognizing hand gesture. This method is
easy to implement and highly accurate.

1. BLOCK DIAGRAM
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Fig 2a Gesture Recognition Section via Microcontroller Fig 2b Text to Speech Converter Section via Android Phone

Fig 2 Hand Gesture Recognition System
Figure 2a shows Gesture Recognition Section via Microcontroller. And figure 2b shows Text to Speech Converter Section via
Android Phone

Description of components:

1. Flex / Resistance sensor [15]: Flex (Resistance) sensor is also called as variable sensor/bent sensor. The value of the
resistance sensor gets change when the sensor gets bent. The value of the resistance sensor gets increase as more the sensor
bent, so output voltage gets affected. This sensor has three connectors namely ground, live, and output which helps to connect
to other devices. The bend sensor has resistance range between 10k_ to 125k _ and the input voltage ranges are between 3V to
12V. The output voltage of sensor is around 65% of +V when it is straight and when the sensor is bent position, it is around
80% of V+.

2. ADXL335 accelerometer sensor[16]: ADXL335 accelerometer sensor is movement detection sensor. The accelerometer
sensor helps to measure movement in the three axis direction such as X, y, z. The accelerometer sensor measures the
acceleration gravity in +/- 3g.

3. HC-05 Bluetooth module[17]: Bluetooth module is used to make wireless communication between two devices. HC-05
Bluetooth module has RF transmit power up to +4dBm and typical sensitivity - 80dBm. It has inbuilt antenna to transmit
signal/data to other devices.

4. Android phone[18]: Android is operating system based on the Linux kernel widely used in smartphone and tablets. The
android 5.1.1” lollipop” has 32 or 64-bit arm architecture. Different apps can be developed according to requirement.

Il. SYSTEM SETUP

Figure 3 shows the implemented gesture recognition system. In this system, ten resistance sensor and two ADXL335
accelerometer sensors are used to measure bend signal of finger and position of hand respectively. The resistance sensors are
mounted on finger on back side, which accelerometer sensor is placed at back side of palm. The data captured from these
sensors are sent to the microcontroller for further processing purpose. Once data is recognized at the microcontroller that is
sent to the android phone via Bluetooth module.
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Fig 3 Developed hand gesture recognition system
At android phone side, app is developed which is text to speech converter that helps to convert text signal to voice signal. LCD
module is also used to display recognized data near to microcontroller. In this setup max 232IC is used to connect device to
computer for further analysis or simulation purpose in this setup different components are used such as LPC2138
microcontroller, resistance sensor, ADXL335 accelerometer sensor, HC-05 Bluetooth module, android phone. Also, 12V
power supply is used to supply power to the system.

A. Text to Speech android app:

Fig 4 Text to Speech Android App

This text to speech app has been developed in the android to convert text signal to voice signal so as to recognize gesture. The
above figure 4 shows the text to speech android app. This application contains different menu such as connect, disconnect,
clear that is displayed on the screen of app. The connect menu is used to connect one system to the other system using
Bluetooth module so that data transfer can occur in between them. The disconnect menu has used to disconnect system from
them if data transfer gets stop. A Clear menu has used to clear all system data which is displayed on the screen of app.

IV. METHODOLOGY

An analog output is obtained from the accelerometers and resistance sensors. The analog output of the accelerometer sensor
and resistance sensor is converted into digital form. An output of the each resistance sensor is given to the separate pin of
microcontroller. Microcontroller deals with the resistance sensors one by one. First of all the microcontroller checks the output
of the resistance sensor, and calculates its binary value or ASCII value which is converted using ADC, after the calculation of
the ASCII values of the first resistance sensor the microcontroller saves its output, and then moves towards the second
resistance sensor and calculates its ASCII value in the similar manner, and keeps on calculating the ASCII value of the
resistance sensors one by one, having calculated the ASCII value of the outputs of the ten resistance sensors, the
microcontroller moves towards the next step of the module, i.e. gesture detection.

At any time, the finger has to be at one of these levels, and the bending of finger is easily determinable. Now the next step is to
combine the movement of each finger and name it a particular gesture of the hand. Rather than reading the individual finger,
the system now reads the movements of ten fingers as a whole. Initially, the system checks whether the bend is a significant
bend or a useless or undefined bend. Next step is to check the data, which was sent by accelerometer detection module i.e.
accelerometer sensor at port one of the microcontroller. If the tilt of the hand is also meaningful then it means the gesture as a
whole is a meaningful gesture.

If the meaningful gesture is recognized then system sends data to the Bluetooth module. The microcontroller is interfaced with
a Bluetooth module which sends wireless data using Bluetooth to an android phone. The phone then receives the data and
processes it to understand which symbol is being represented by the hand. In android phone, text to speech app has been
developed which converts text value to audio value. In android phone, code for each gesture is defined which is recognized in
the microcontroller. Once the received gesture get matched with stored data in the android phone then that data value
converted into voice signal.

V. MODES OF OPERATION

The hand gloves are designed such that the resistance sensor and accelerometer sensor are fitted on that. The data captured by
the sensors are sent continuously to the microcontroller device. In this research work, microcontroller LPC2138 is used for
gesture recognition purpose. The whole system is attached directly to the hand gloves. The microcontroller is very useful in
hardware and software designing because of flexibility, easy to use. All these features helps implement pre-processing
computations on the hand glove.

e Calibration:
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In calibration mode, the user requires first to calibrate the glove. In the first stage, record the min/max value that is producing
while performing gesture. In this process, user requires to bend or straighten all fingers as well as move the hand in any
direction. Once all the sensors values are calibrated then decide the threshold point for each sensor for recognizing

hand gesture while user performed the gesture [13].

e Training:

After calibration, the user requires to train the gesture for recognizing the hand gesture. In this mode, according to the hand
gesture assign the meaningful sentence or data and store in the microcontroller memory. This mode of operation is very simple
in gesture adding and deleting purpose. In this phase, for each sentence requires assigning mean value of used sensor, if these
matches then particular gesture get performed [14].

VI. RESULTS

In gesture recognition system, sign language of two hands which is recognized using resistance sensor and ADXL335
accelerometer sensor. These two sensors help to recognize bend in finger and position of hand i.e. vertical or horizontal
respectively. So using these two sensors, different database is created which is shown below in the tablel and 2.

* Database of system:
Tablel: Gesture database for Alphabets Sign

Right-Hand Left-Hand ccelerometer sensor
Alph resistance resistance sensor
abets Sensor
I[2]3] 45|67 8]19]10 Right Left
A ljojojJojoj1|ojofo]| 0| Undefined | Undefined
B glojrjprjprjaefolrpr]u Undefined | Undefined
C ffrjojojojrpryprpr]p1 \id Undefined
D oftjofojoj1{1t|o]o] 0 | Undefined | Undefined
E ol 1jofojoj1]jolo]o] 0 [ Undefined H
F ol rj1{ojojol1[1]0] 0 [ Undefined H
G plojofolojojolo]o] 0 | Undefined | Undefined
H ffrprprprprprprpirg H \i
I o) 1jojojojpif1rf{rpr|1 Undefined | Undefined
] olojofojojo]1|0]0] 0| Undefined | Undefined
K ol 1jofojojo]1|{0]0] 0| Undefined \i
L IJ1]Jojojolofo|lof0f 0 | Undefined | Undefined
M oy rjprjprjoprfrfrpa]a Undefined H
N ol rjrjojopifrfrpa]i Undefined H
0 glojojojojpifrfrpola Undefined v
P ol rjojojojofof1r|1|1 \Y v
Q glojojojojofof1r|r|1 v vV
R glojojojoprfrfrpr}a Undefined H
s ppojojojrjofolojol Undefined \i
T olrjojojojaf1|{ofofo0 H A%
u ofojofoflo] 1] 1t|o]o] 0| Undefined | Undefined
v glojojojojaf1|{1fofo0 A Undefined
W ffryprprprprprypr]pr)i H H
X olo|1|jojojofof1{ofo0 H H
Y oplrjrjojojofirjofofao \id H

The above table 1 shows the alphabets gesture which is defined using binary values as well as accelerometer position. For flex
sensor value, binary values are defined. For accelerometer sensor value vertical and horizontal values are assigned according
to the position of hand. For each alphabets gesture, binary coding, as well as accelerometer values are assigned because for
same gesture we can use accelerometer position according to it so that there should not exist conflict in between these
gestures.

Table 2 shows the hand gesture sign for various sentences. To recognize these gesture signals, resistance sensor, as well as
accelerometer, are used as sensors. For each gesture signal binary value is assigned as for resistance sensor bend reading and
for accelerometer sensor values assigned as vertical and horizontal position. So likewise the database is created.
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Table 2: Gesture database for Numbers

Right hand Lefi-hand
Numbers resistance sensor TesiSIAnce sensor
1|2 )|3|4|5|6|T|8]9 10
1 agjrjojofojofo]olfo0 0
2 aojtr|l1rjofojofo]olf|o 0
3 agjtij1rjpirfojofojofo 0
4 ajtrfrjrfrjofojofo 0
5 | L1 |11 jofojofo 0
[i] | 111 [1]0 1 0|0 0
7 | L1 ]J1[{1]0 | | 0 0
8 | 111 [1]0 1 1 I 0
9 | 111 [1]0 1 | | I
10 | L1 ] 1 1 | I 1

e Threshold values for resistance sensor:
The below table 3 shows, that tested resistance sensor values at different angle likewise 0, 30, 60 etc. The above reading is
tested for two resistance sensor such as 2.2 and 4.2” length using DMM instrument.

Table 3: Threshold values for resistance sensor

Degree of bend
Sensor
0 30 (] o0 120 150 180
I‘;‘;‘“{"{‘j‘ .79 | 193 | 250 | 3.04 | 3.2 | 322 | 3.20
Resistance -
4,270V 1.40 1.65 2.02 215 2.21 2.32 2.40

The following figure 5 has been drawn using these threshold values of resistance sensor for 2.2" and 4.2" long.

X
BowmoWr

Wil

1.0 —— e 2 i W

Flese A 72w}

o e h far i LTI E R

egres

Fig5. Graph for resistance sensor values for various bends of finger

« Simulated Result:

The hand gesture recognition system is implemented using Indian sign language with the help of resistance sensor and
accelerometer sensor. All these captured data is recognized using LPC2138 microcontroller. The captured data or signal is
converted into digital signal and that digital value is again converted into ASCII values. For each resistance sensor, particular
threshold is assigned value likewise 10 resistance sensor has 10 threshold points. So according to performed gesture, for each
gesture, ASCII values are assigned. The following table 4 shows the simulated values for A-Z alphabets.



Table 4: Simulated values for alphabets A-Z using resistance sensor signal

-

Alph Right-hand resistance sensor Lefi-hand resistance sensor
abets

A 825 | 830 | 863 | 844 | Te6 | 541 693 78S [ 791 [ 821
B THS | B22 [ BRE2 | BAS 801 815 6% [ 512 810 244
C 810 | 850 | 865 | 854 773 239 729 815 814 246
D 786 | 852 | 865 | 846 | 772 | 841 724 TH8 | 782 22
E 812 | 8356 | &6d | 846 768 519 722 79% k) 825
F 788 | 853 | BE6 | B4R 766 517 728 Bl 787 230
G 782 | 820 | 863 | 840 | 762 | Bl6 692 784 [ 788 [ 819
H 828 | 854 | 885 | E68E 204 545 728 218 813 248
I 783 | 856 [ 860 | 850 76l 846 730 815 BOG 542
) 785 | 825 | 859 | 842 | 763 | 514 715 788 | 789 | 817
K 781 | 850 | 855 | 844 | 759 | 810 731 786 [ 780 [ 810
L 830 | 859 | 850 | 840 755 S04 (38 782 778 508
M 782 | B51 | BET | 870 76l B44 729 820 815 850
N T80 | 856 [ OO | K39 758 843 732 822 816 851
O T78 | 820 | 86l | 846 756 238 720 815 810 246
P 776 | 858 [ 870 | 848 76l 508 685 219 818 856
Q 782 | 819 | 866 | 845 | 762 | 812 6 518 | 814 | 849
R T78 | 815 | S6d | 840 758 250 732 825 820 258
S 774 | 810 | 860 | 842 | 810 | 810 650 T80 | 779 | 851
T 776 | 860 | 861 | 843 | 754 | 544 652 781 | 775 | 815
u 782 | 814 | 867 | 851 | 758 | 848 725 778 | 782 [ 819
v T80 | 812 | 862 | 848 | Te6 | 8520 735 830 | 776 | 814
W 825 | 854 | BBO | 866 812 856 730 836 816 855
X 775 | 820 | B85 | 844 | TeD | RIS 658 832 [ 780 [ 810
Y 778 | 856 | 882 | 840 | T6d | B18 728 782 | 785 | 818
i 792 | 839 [ 865 | 850 775 822 721 835 820 260

Table 5 shows the simulated results for numbers 1-10 using resistance sensors values.

Table 5: Simulated values for Numbers using resistance sensor signal

Numbers Right-hand resistance sensor

Left-hand resistance
SeNsSor

1 2 3 4

L

6 7 8 9 10

T80 | 860 | 862 | 844

715

810 | 695 | 785 | 780 | 825

|
2 TS | 865 | 806 | 840 | 766 | 815 | 690 | 780 | 785 | 830
3 782 | 869 | 899 [ 885 | 76l | 818 | 688 | 783 | 775 | 828
4 To0 | 872 | 892 | 890 | 810 | 820 | 695 | 788 | 780 | 8§25
5 835 | 875 | 896 | 802 | 815 | 815 | 698 | 778 | 786 | 821
6 831 | 872 | 893 | 895 | 818 | 810 | 735 | 782 | 790 | 827
7 835 | 260 | 886 | 8500 | 212 | 820 | 720 | 825 | 792 | R28
8 830 | 873 | 890 | 885 | 820 | 822 | 725 | 827 | 825 | 827
0 536 | 876 | 888 [ 802 [ 817 | 825 | 736 | 840 | 832 | 865
10 832 | 880 | 886 | 881 | 822 | 865 | 740 | 844 | 840 | 875

VII. CONCLUSION AND FUTURE SCOPE

The hand gesture recognition system is very useful for the dumb people to make free and comfortable communication as like
normal people. This system is developed using resistance sensor and accelerometer sensor which is more flexible and accurate
for measuring hand gesture. The microcontroller is the ultra-low power consumption device which helps to recognize gesture
performed by the user. The system designed here support dumb people. Normal peoples are not aware of the Indian sign
language. So in this research work, Indian sign language has been implemented for the gesture recognition purpose. It is
having advantage over image processing based gesture recognition system as; the presented system does not require any
camera to be kept in-front of dumb person to identify his gestures. The accuracy of the system is achieved nearly 98- 99%, but

it is most of depends on the user's performance.
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