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Abstract: Communicating through hand gestures is one of the
most common forms of non-verbal and visual communication
adopted by speech impaired population all around the world. The
problem existing at the moment is that most of the people are not
able to comprehend hand gestures or convert them to the spoken
language quick enough for the listener to understand. A large
fraction of India’s population is speech impaired. In addition to
this communication to sign language is not a very easy task. This
problem demands a better solution which can assist speech
impaired population conversation without any difficulties. As a
result, reducing the communication gap for the speech impaired.
This paper proposes an idea which will assist in removing or at
least reducing this gap between the speech impaired and normal
people. The research going on this area mostly focuses on image
processing approaches. However, a cheaper and user-friendly
approach has been used in this paper. The idea is to make a glove
that can be worn by the speech impaired people which will further
be used to convert the sign language into speech and text. Our
prototype involves Arduino Uno as a microcontroller which is
interfaced with flex sensors and accelerometer, gyroscopic sensor
for reading the hand gestures. Furthermore, to perform better
execution, we have incorporated an algorithm for better
interpretation of data and therefore producing more accurate
result. Thereafter, we use python to interface Arduino Uno with a
microprocessor and finally converting into speech. The prototype
has been calibrated in accordance with the ASL (American Sign
Language).
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I. INTRODUCTION

The ability to speak or the power of speech is something we
take for granted. It is the most effective and powerful way of
sharing our thoughts and emotions. However, a large fraction
of the world population is not blessed with this ability.
According to the census of India, approximately 1.6 million
people in India are speech impaired [1] and a very small
fraction of the entire population are comfortable in
communication through sign language. The speech-impaired
people have a difficult time conveying their thoughts to
others. There are millions of speech impaired people and only
a handful of sign language translators. Our project aims at
removing these barriers and providing the speech impaired
people a method of communication so that they can
communicate their thoughts and feelings effectively and
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independently and not just in the presence of a translator. The
proposed model is based on a flex sensor mounted on a glove
and interfaced with an Arduino Uno.Extensive research has
gone into the development of technology to achieve gesture to
speech conversion. Gesture to speech conversion can be
thought of as a two-pronged approach. The first method is
using flex sensors and wearable technologies and the second
approach is using Image Processing and training algorithms.
MATLAB has been used to perform image processing by
using image segmentation and with the help of feature
extraction algorithm, the system recognizes the image of the
hand gesture captured by the camera and converts it to speech
from a list of pre-recorded tracks [2]. After image processing,
Machine Learning and Template Matching can be used to get
the desired text to speech conversion [3]. In another work,
speeded up robust features algorithm has been used in
combination with a kinetic sensor to perform static gesture
recognition. This work has been done mainly for Mandarin
and Tibetan languages in accordance with specified semantic
rules [4]. The Mandarin-Tibetan bilingual speech synthesizer
has also been used in [5], along with a Deep Neural Network
Model and a Support Vector Machine to classify facial
expressions along with hand gestures so that the system can
add emotion to the speech that it generates. A recognition rate
of 80.4% was achieved in [6] which used Hidden Markov
Models along with Taiwanese Sign Language to implement
recognition of 51 different fundamental postures and 6
different orientations. Contour Analysis and feature
extraction can be used with the OpenCV library [7]. Velostat
which is a low price packaging material has been used in [8]
to make sensors to measure bend of fingers. The data from the
sensor is then mapped onto to a character set using a
Minimum Mean Square Error machine learning algorithm.
Aishwarya V proposed a system which works with
accelerometer and gyroscope to measure the orientation of
fingers in hand gestures and combined it with the Hidden
Markov model for use mainly for Tamil language [9]. A PIC
microcontroller can be wused with flex sensor and
accelerometer along with an amplifier to boost the voltage
inputs from a flex sensor, and then finally a speaker to
produce sound [10]. The design of a wearable band has been
discussed in [11]. The band houses EMG sensors which
measure the biopotential in the muscles moving the hands.
Gyroscope and accelerometer have also been used to measure
the orientation of the hands. Finally, machine learning and
fuzzy logic have been used to identify the gesture and convert
to speech. Flex sensor in combination with tactile sensors and
accelerometer has been used to measure the orientation of
fingers and an HMM-based model is used for final conversion
to speech in [12]. Another approach involves the usage of
gloves  incorporated  with
sensors and interfaced with a
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smartphone app to achieve gesture to speech conversion [13].
IMU and flex sensors have been used in [14] to track the
movement of fingers in three-dimensional space. The data is
fed to Raspberry Pi which gives input to the speaker. The
particular sound or text to be pronounced can be also be kept
in a database [15]. A similar approach has been used in [16]
but with an ARM7 microcontroller, LCD and speaker.
Another software-based approach is by using Microsoft
Kinect v2. It takes the image of the person performing the
gestures and compares them against pre-stored gestures in the
database and mapping a keyword associated with the best
match [17-18].

Il. METHODOLOGY

The paper proposes a method to read the sign language and
convert it into text and speech. The prototype developed
included various components such as Arduino Uno, flex
sensors, MPUG6050, etc

A. Arduino Uno

Arduino Uno is a microcontroller based on the chip
ATmega328. It works on an operating voltage of 5 V with the
cut off limit for input voltage being 6-20V. It consists of 14
digital I/0O pins and 6 analog input pins. The 5 analog input is
connected to the five different flex sensors placed on the
fingers of the glove, we can get the reading which varies
continuously with the help of these pins. It has a clock speed
of 16Mhz which assist us in processing the information
without facing any difficulties.

B. Flex sensors

Flex sensors is a variable resistor that can be used to detect
the variation in resistance as per the bend in the sensor. The
flex sensors are mounted on the fingers and thumb of each
hand. These are directly connected to the microcontrollers on
both the arm and are the base of gathering information
regarding the human gesture at a particular moment.

C. MPUG6050

MPUG050 is an accelerometer gyroscope sensor which is
used to detect the alignment of an object. It is also connected
to the microcontroller and assist in differentiating words that
have the same gesture but different alignment as per the
American Sign Language(ASL) shown in fig 1. For example,
the alphabets H and U cannot be differentiated with the help

of flex sensors alone.

v dICSCIEAE NS Rl d
JRY | Y0 | P | D
rabakacAAR N EE YN
S |8 | UeY W Y |9

Figl. American Sign Language [19]
The following steps are involved in the algorithm:

American Sign Language

Step 1 - Data from the MPU and flex sensor will be
continuously taken for 5 loop cycles for a particular gesture.
Step 2 - Values received will be averaged to get the mean
value of each flex sensor. Then standard deviation is
calculated and the range for a particular gesture will be set as
(average value - (standard deviation/2)) to (average value +
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(standard deviation/2)).

Step 3 - The output of the gloves gives values for each flex
sensors which are rechecked with the database and it is then
converted into text form if the values are accurate otherwise
we provided a feature of predicting words but it is only viable
when the person carries a smart-phone at the particular
moment.

Step 4 - The microcontroller then sends the data to the
microprocessor by serial communication. The data is then
stored in the kernel and is hard coded in python to get the
desired output.

Step 5 - Google Text To Speech (GTTS) library in order to
attain a maximum efficiency of the model. As the data is
stored in the kernel we now access the speaker of the device
and convert the text to speech using GTTS and the output is
achieved in the form of speech.

Step 6 — The translated sentence or words can be sent as an
SMS using an online service named way2sms. The person's
mobile number needs to be given as an input for the process to
advance.

Multiple iterations of calibration tests were organized to
attain maximum efficiency. Table | and fig 3 shows the
growth in the overall efficiency of the model. Initially for the
first 10 iterations the attained accuracy was low which
increased gradually for higher number of iterations.

Table- I: Percentage accuracy

No. of Results -

iterations Correct Incorrect accu(;acy
10 6 4 60
20 13 7 65
30 20 10 67
40 28 12 o
50 35 15 70
60 46 14 7
70 60 10 86
80 70 10 &
90 85 5 90
100 96 4 %
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Fig 3. Plot of accuracy vs number of iterations

D. Flowchart

The whole hardware is integrated on a single glove. The
values of the original sign language are stored after the
calibration of flex sensors, these values have been tested
many times in order to maintain high accuracy and
persistence. But as for different individual the values will be
different because of the extent by which they can flex the
sensor. So, to overcome this we thought of an algorithm which
would initially take input from the user for the words/letter
they want to express via the glove. Fig 3 shows the flowchart
of the designed system.
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Fig 2. Flowchart

Convert to speech
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Il. RESULT

The bending of the fingers causes a change in resistance
and the MPU computes the orientation of the hand.
Depending on calibration, alphabets are displayed on the
Arduino Serial Monitor as shown in fig 4. The readings from
the flex sensor and MPU are shown in fig 5.The output is in
the form of a sound and the accent can be varied as per the
user demand. In case of misunderstanding between the
machine and the user, we employed a method of predicting
text for the user based on the commonly used words
worldwide making it easy to communicate. The output is also
sent to the receiver in the form of a text message. This allows
the person to communicate with people who are deaf and not
fluent in sign language, therefore our prototype assists in
eradicating multiple problems with a single device. The
screenshot of the message received is shown in fig 6.

22 COmM4

How are you

Fig 4. Serial Monitor Output

£ COMA4

Res:stance 1: B2774.00 chm
|[Resistance 2: 085704.00C chms=
|Res_stanc= 3: 0S5S415.34 chm
[Resistance 4£: 0E€E3IS3.0L chm=
|Bend: 2.00 degrees

|Res2stance 1: 30BES .00 oh=
[Resistance 2: 32051.34 chms=
Res:stance 3: 34€5S.00 cohms
|[Resistance 4: 35321.S€ chms=
|Bend: 2.5S€ degrees

Fig 5. Flex sensor and MPU outputs
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4:09 PM 0.0KB/s Z .| 4G

< Way2SMS
BW-WAYSMS

4:09 PM

Hello

Download Way2News.
http:/bit.ly/WAY22

How are you

Download Way2News.
http://bit.ly/WAY22

Fig 6. Screenshot of SMS

IV. DISCUSSIONS

Fig 7. Final Prototype

The devices existing in the market are generally based on
hand gesture recognition using image processing but
developing such a model would cost a lot and is not very
convenient to use as it involves the use of a camera and
someone always has to hold up a camera for that method to
work. Compared to that our prototype provides a more
convenient and more efficient method which assists in
eradicating the problem for both the hearing and speech
impaired people. It is a smart prototype that can be used by
people in their daily life hassle-free.

V. CONCLUSION

The prototype allows the speech impaired people to
communicate with the world giving them an opportunity to
express themselves to the world without any difficulties. The
flex sensor in combination with the MPU is successfully and
accurately able to translate ASL to speech. By mounting these
sensors on a glove, a very convenient to use wearable is made
which is not only efficient but also comfortable to use in our
daily lives. By using python a reliable and accurate system is
developed and the messaging service makes the system even
more user friendly. It provides an efficient method of
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alleviating the problems of the speech impaired community. It
empowers such people with the power of speech and allows
them to express themselves better. Not only can the glove be
used to convert gesture to speech, but by carefully tracking the
movement of the palm and fingers with even more accuracy it
can also be used to perform some delicate tasks in locations
inaccessible to humans but can be accessed by robots. The
human specialist can wear the glove and move his fingers as if
the perform the task and the robot can mimic the movements.
It can be concluded that the existing methods assisted in the
development of our prototype but inclusion of new
technology will surely lay a major impact in this field.
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