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ABSTRACT

A Language is a way of communicating thought between two parties. Effective
communication exists when both parties actively engage in the session and respond. Just like
speech and text that we use to communicate, sign language is also a method used by the deaf
and mute community all over the world to communicate with each other and with other normal
people. Not all of us are aware of the sign language and we do require a translation. As Sri
Lanka is still known as a developing country, most of the people don’t have a clear
understanding of the sign language system which is used locally. Therefore, many ordinary
people are refusing to communicate with disabled people. Only the people who engage with
these community are willing to learn sign language. There are some basic translator systems
which are used to translate sign language into normal vocal language. But there are no robust
interpreters available in Sri Lanka and most of them lack in real-time translation. Cost of the
existing systems are high, and the quantity is not enough for a wide communication system.

Through this report, we are proposing a solution to develop a translation system with a low-
resolution camera, which should be able to convert Sri Lankan sign language into English and
vice-versa in real-time. The research is divided into four major components. The first
component does the data acquisition and feature extraction part. Then it moves to the
translation part where extracted images are changed into letters. The third component will do
the text and voice assistant part and the final component will convert the texts into sign images.
Our main goal is to achieve a system that can perform in real-time. With the advancement of
image processing and machine learning, we think we can attain our goal.
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1 INTRODUCTION
1.1 Background

In Sri Lanka, 8.7% of the total population is considered as PWD (Persons with
Disabilities) [1]. They possess any form of disability from hearing impaired to
physical disability. When we take the portion of the population who cannot speak
or hear, they usually communicate using Sign Languages. There are different types
of Sign Languages that are practiced around the world. In the Sri Lankan
context, the deaf & mute of the country also follows a Sign Language called ‘The
Sri Lankan Sign Language’ [2] which comprises of Sinhala, Tamil and English
alphabets and a set of pre-defined words which are for common use.

The literacy rate of Sri Lanka is well above 96% [3] and growing. This is mainly
due to the introduction of the free education system in the early 1950s. This action
has led to creative and innovative solutions for different problems faced by
different sectors of the community. However, the contribution of the deaf
and mute community is much lesser due to communication issues, lack of financial
and provisional donations etc. They’re reluctant to actively participate in the socio-
cultural activities in the background that they cannot speak or hear like other
normal people.

According to basic human rights, the needs and rights of the deaf and mute should
also be listened and fulfilled [4]. In Sri Lanka however, this is followed up to some
extent. The country has special schools, meal programs, government aids etc. to
keep them running daily. But their right to be a helpful citizen just like the others
is not taken from them but rather ignored.



Types of Number of (%0 to total[Number| 9% to |Difficulty | 9% to
difficulties Persons Cases of total |published | total
persons| Case |incensus | Cases
not
possible
atall
Hearing 354,871 2.8 28,674 [20.3 389,077 4.0
Communication (133,623 8.6 47,210 [B3.5 180,833 [11.2

Table 1.1: Population of Deaf & Mute

According to the above table, we can see that there is a considerable amount of
deaf and mute. This is just a census report from 2012. At the current date (2020)

there can be even more individuals who are deaf and mute.

1.2 Literature Survey
According to the Census of Population & Housing —in 2012, there were 21 people
older than 5 years out of a sample of 1000 people were suffering from difficulties
in deaf [5]. The deafness can occur to someone at any stage & this may impact on
his/her abilities to function well.
People around the world are using different types of sign languages such as Sri
Lankan Sign Language [6], American Sign Language [7], British Sign Language
[8], Indian Sign Language [9] & French Sign Language [10]. All these sign
languages are unique to each country.
There are many researches going in sign language translators all over the world.
Most of them use sensors to detect the signer’s actions. The main advantage of the
sensors are they get the clear view of the signs and they detect edges clearly.
Commonly used sensors are Kinect and Leap motion controller. Kinect sensors are
used to capture 3D depth images [14]. Leap motion controllers use near infrared
rays to track hands and take grey scale images [15]. These high-end sensors can
help to reduce the time taken in translations.
This research is mainly focusing on Sri Lankan Sign language which is used by
deaf & mute community in our society. There are some applications which were
developed based on SSL too. “Nihanda Ridma”, “Ahanna” & “Kathana” are three

examples for those applications based on SSL. Through this Literature Survey



section, we try to provide a brief summary of each system we mentioned above &

a comparison with our proposed system.

1.2.1 Nihanda Ridma System

“Nihanda Ridma” is an application which can be used to convert dynamic gestures
into text or voice & vice versa [11]. It is used as a game-based learning system for
children with hearing-impaired. There are three components which are focused
throughout the project. They are 3D model animating, Motion Tracking & Voice
Recognition. 3D model animation used to output the result to a deaf person. Motion
Tracking is used to detect & track the movement of the person & it acted as the key
ingredient to recognize the sign language gesture in this application. “Nihanda Ridma”
captures the text which entered by the user & finds out the relevant animation clip with
the sign. Then the system displays the animation clip to the user in avatar mode. It is

a web-based application.

1.2.2 Ahanna System
“Ahanna” system is mainly targeting teaching Sinhala Sign Language to the users who

are willing to use the system. This is also a web-based application.

The main purpose of this application is to spread Buddhism through the deaf
community in Sri Lanka. It is also providing many other benefits such as giving more
valuable activities, innovative products & new thoughts in order to improve the
knowledge, education of the deaf community.

1.2.3 Kathana, Speech Recognition System
“Kathana” is a Sinhala Speech Recognition System [12]. It uses to convert speeches on the
Sinhala language captured by the microphone, to a group of words. Then the recognized

words are used as commands, data entries for application.

1.2.4 Sanwadha System

“Sanwadha” is an intelligent mobile assistant application which was build targeting
hearing-impaired people in Sri Lanka [13]. The core of this project is Instant
Messaging (IM). Here the system gets the Sinhala text from an ordinary person &
converts it into SSL. This output displays as a GIF. Also, through the system a user
can convert SSL into text or voice format as he/she prefers. The main objective of this



application is that to reduce the digital divide between enabled & hearing-impaired

users.

1.2.5 Mexican sign language recognition using Kinect

In this research they talk about the usage of the Kinect sensor. When a signer shows a
sign, the system will store the color, depth and the skeleton tracking information using
the sensor. Then using the Dynamic Time Wrapping (DTW) algorithm the gathered
information is interpreted. For testing they have used the K-Fold Cross validation
method. This testing has showed a mean accuracy of 99.1%. From these results we can

understand that how accurate is the Kinect sensor in recognition [16].

1.2.6 Real time sign language recognition using the Leap Motion Controller
This system has used leap motion controller to detect and track signers’ hands and

fingers. The extracted and normalized features will be sent to the classification part. In
classification part they have used Multilayer Perception algorithm (MLP) which uses
features as input and convert them into specific alphabet letter. For training, authors
have implemented Backpropagation algorithm. The total system has showed 96.15%
of a recognition rate. This high percentage is achieved only because of the quality
feature extraction through LMC [17].

1.2.7 Sign Language Recognition using Microsoft Kinect

This paper is focusing on identifying Sign Language using Microsoft Kinect [18]
device. Using computer vision algorithms, they’ve developed a characteristic depth
and motion profile for each sign language gesture. The feature matrix thus generated
was trained using a multi-class SVM classifier and the results were compared with
existing techniques [19]. The practical application of this system seems expensive
since this system requires a Kinect device. The monetary provisions and technical
expertise lack in this country. A mobile application or a web camera would be much

more feasible since everyone has access to internet and especially mobile phones.
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Table 1.2: Comparison between Proposed System & Existing Systems

1.3 Research Gap

There is a communication gap between people with difficulties in hearing -
speaking & ordinary people. Most of the time people use interpreters while
communicating with hearing-impaired & mute people. But when there are no
interpreters (translators), people face to a big problem because they cannot
understand what each other says.

To avoid from this issue the countries like America, India found out various
inventions what can easily convert sign language to textual format & vice-versa
[20]. But those systems are not practical systems for Sri Lanka based on some
reasons. The first reason is Sri Lanka still listed as a developing country. The tools
& technologies which were used to build such systems by other countries are very
expensive now-a-days. Sri Lankan government cannot be able to spend that

amount of money for only one main purpose. The second reason is that, even we



buy one of those system, people cannot get the benefits of the system as each
country has their own sign language. Another reason is that, the system which
already implemented for specific language such as Sinhala. Due to this reason, if
any person who doesn’t have a proper practice in that language won’t understand
the system. Therefore, by-today the ordinary people who are willing to
communicate with hearing-impaired & mute people have challenged with a huge

communicating gap in their daily lives.

1.4 Research Problem

Sri Lanka is very hospitality country from the ancient times. Almost all the people in
the country don’t think twice to friend with another person who looks in pleasant

manner. Therefore, in Sri Lanka “communication” acts a main role among the society.

As mentioned in Research Gap, there are different types of people in Sri Lanka.
Among those categories, people with difficulties in speaking & hearing get a special
attention. Those people use Sri Lankan Sign Language (SSL) for their communication
purposes with people with same manner. But problems arise when there is no proper
understanding about the SSL among the ordinary people. This issue may be occurred
when having a poor guidance about the SSL. Even though many Sri Lankan
universities, private institutions who are holding degrees & diplomas on SSL, people
won’t show any interesting because of above mentioned reason. Even there is a bit of
interesting, only limited number of students get the chance to study. Due to this reason
most of the ordinary people lose the chance to learn SSL. Therefore, they are refusing
to be friendly & communicate with hearing-impaired & mute people frightening both

parties could not be able to understand what each other tries to say.

But it is important to build a communication bridge between ordinary people & people
with difficulties with speaking & hearing. Hearing-impaired & mute people always
communicate physically & visually. But those people too refuse to talk with ordinary
people because ordinary people can’t recognize the language if there are no interpreters

for translation purposes.



Even there are some applications in Sri Lanka which are capable of translating SSL
into natural vocal language or translating natural local language into SSL, it is hard to
find out a system which can do both translation modes using one interface. Also, most
of the all the implemented system uses Sinhala language for translating purposes. Even
Sinhalese is the main language in Sri Lanka, some people cannot even understand
Sinhalese. In cases like that, ordinary people or deaf people or mute people who are

not familiar with Sinhala face to many problems while using existing systems.

Another problem is that using only one type of data set for translating purposes in the
system. In many research papers we can see that the researchers use only Sri Lankan
Sign Language alphabet “or” the set of pre-defined words in their research projects. It
IS not a best practical to use only one type of data sets in a translating system due to

many reasons.

If there is a proper converting application instead of interpreters which can be used as
a self-guidance, ordinary people as well as people with difficulties in hearing &
speaking will be able to use them whenever they want. Then, it may be help them to

break the communication gap & be friendly with each & everyone in the society.

This is the problem address in our research component. Some researchers have put
their effort to address this fact. Also, they have come up with applications. But
unfortunately, none of those application can fulfill all the requirements, which are
expecting from an application such as converting day-to-day words into SSL,

presenting converted answer as a proper identifiable output & vice-versa.



2 OBJECTIVES
2.1 Main Objective

The main idea of this research is to improve the communication bond between
the ordinary people & people with difficulties in hearing & speaking.

To successfully fulfil the above idea, this system should be able to convert SSL
into text format or audio format & converting English text format into SSL

using low-resolution web application

The sub-objectives which are specified to each component can be listed as below:

2.2 Specific Objectives

To verify that the product is reliable for ordinary people who are willing to
keep better communication bond with people with difficulties in hearing &
speaking and vice-versa.

To capture an image using low resolution camera and train models through
those low-resolution images. This would facilitate the system being used in a
web interface of a laptop camera.

To use R-CNN, in order to identify series of hand gestures with the aid of pre
trained models of low-resolution images

To prepare an optimal dataset to create the effective data model

To apply a proper machine learning algorithm for translation

To optimize the overall model to real time translating

To convert alphabet into a textual format

To Translate text to speech local languages

To identify & extract the information, emotion get from the keyboard inputs.
To investigate already-defined Sri Lankan signs for day-to-day words.

To prepare the given text message to a GIF to convert the message to SSL with
more accurately & eye-pleasant manner.

To emerge the application in English language to reach the Sri Lankan society
in effective way.

To determine the usage of low-resolution web application for hearing-impaired

people, mute people as well as ordinary people can be observed as an effort,



which allows those communities to clarify any need of learning &
communication at anytime, anywhere.

All the above objectives should be accomplished in real time. This is because
we are proposing to build a mobile application in which the application
response speed is of utmost importance



3 SYSTEM METHODOLOGY

The proposed system comprises of four major components which are namely: “Data
Acquisition & feature extracting”, “Sign recognizing & translating”, “Converting
the identified sign into textual format or audio format” & “Converting textual
format into SSL”. There are specific methodologies for each 4 components. The
whole system will use many techniques & algorithms in ML, Al, NLP areas in order

to fulfill the workload in each component.

3.1 Requirements

e Should be able to identify hand gestures in low resolution imagery provided.

e All the intended operations of the component should happen in real
time regardless of device nature (Mobile, Web etc.)

e Getting the keyboard inputs

e Analyzing & extracting information from source text

e Classifying the input-text as already-defined common word or a new text input
while studying the system database

e Converting a collection of signs into a GIF

e Sending the already-stored video clips, if the input-text matches with the data

record in the system database

3.2 System Overview

3.2.1 Data acquisition & Feature extraction in real time

To implement a system using R-CNN, we must first understand the concept of
Computer Vision (CV). CV is used for many kinds of image recognition and
classification. Features such as edge detection, Object detection, Object Segmentation
and Semantic Segmentation are some of the key features of CV. In this component
however, we are going to identify hands and hand gestures in order to take the imagery.

10
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Figure 3.1: System overview diagram for Data Acquisition & Feature Extraction

Initially, the system is fed with a set of images for training. These images should be
low-resolution images. We are planning to use 100 such low-resolution to train the
model to detect hands. The reason for using low-resolution images is to make the
application available on devices that have less camera resolution such as mid-range

mobile phones and webcams.

The heart of the component is the place where images are classified and identified. R-
CNN is a deep neural network for instance segmentation. This consists of two parts
[21].

e RPN — Region Proposal Network which proposes candidate object bounding
boxes.

e Binary mask classifier to generate mask for every object

By the term ‘Object’, we mean the hand gestures. First the features are extracted from
the image using an architecture called ResNet101 architecture [22] and sent to the
RPN. The RPN then generates a Region of Interest on where the object will be

separated with bounding boxes.

11
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Figure 3.2: Generating ROI using RPN

In this way, the component can identify the hand gestures using this R-CNN and will
produce a set of vectors to transfer it to the next components for translation and

interpretation

3.2.2 Sign Recognition & Translation

To build this research component we must go through several steps. The major
part for this component is the dataset. As the system is going to develop through a
machine learning algorithm, we must choose the optimized dataset for the
process. At first, we are planning to take 20 images for a sign. As there are 26
letters in the English alphabet, we are expecting to gather 520 images to train the
module. Multiple signers show the signs of English alphabet in Sri Lankan sign
method. These images are going to be taken by the web camera in different
lightning conditions and backgrounds. From these images we select the most
optimal images to create the effective data model.

As the next step the dataset mustbe trained using a machine learning
algorithm such as Convolutional Neural Network (CNN). CNN algorithm can take
images as an input and can learn different objects in the images. The image will be
recognized as an array of pixels and it depends on the image quality. At the end
the algorithm will process the image and classify it under given categories. So, in
our context we can categorize the set of images to the A - Z alphabet. Compared
to other algorithms CNN doesn’t need much pre-processing for the image. It
increases the processing speed of the component, which is a main advantage of

using this algorithm [23].

12
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Figure 1.3: CNN Model

For better results we must optimize the selected machine learning algorithm. After
training the dataset and optimizing the algorithm we can predict the signs using the
image flow. Once the sign is identified, it will be passed to the next research
component as an English alphabet letter.

Figure 3.4 shows the system diagram of the component. The extracted sign images are
fetched from before component and will be send to the classification module. In the
classification module the images are compared with the pretrained dataset and the
letter according to the sign will be identified. The identified letters will be sent to the
next component so that it will be made as a meaningful word. Optimising the whole
componentis the final part. Translations must happen in real time. For
that optimisation must happen in the classification part. Time optimisation will
happen in two parts. The first part is measuring the total time that has been taken by
the method to build the training model. Second part is measuring the total time that
has been taken to find the result, based on the test data. By using these results, we can

optimize the time in each part and achieve the “real time processing” goal.

13
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3.2.3 Text & Voice assistant for SSL

3.2.3.1 Convert alphabet into textual format
Receive each alphabet from the previous component and then make the English
sentences from the collection of alphabets, integrate them and the basic elements
of translation programs are words and rules for combining them to form sentences,
paragraphs and complete texts then we are using tokenization. In this phase, the

input sentence is decomposed into tokens.

3.2.3.2 Translate text format into local speech languages
Certain tokens are assigned n to the POS stacker function to indicate tokens with
their respective type. A partial speech (POS tagger) is a software that reads the text
in some language and assigns parts of speech to each word (and another token) like
noun, verb, adverb. Computational applications use very good POS tags such as
‘noun-plural’. Searching for the source page of the corpus for ‘close’ matches and
their translations. When applicable, each token marked with the POS tag is
searched in the dictionary and if a match is found, the word is sent to the next step.
The "classical™ similarity measure suggested by Nago (1984) and used in many

early EBMD systems is the use of vocabulary or similar methods to identify word

14



similarity in terms of meaning or usage. Here, matching words are allowed when
words in the input string are replaced with similar words in the example sentences.
At this point, after matching and rejoining, the matching words are matched to the
English corpus. If it finds a fit, the English word is substituted. Consequently,

substitute voice and speech according to be output.[26]

recheck matching correct

]
[

text and audio
output

a’ b: (==
ey e » —_ | textual format
< d convert alphabet into textual | =]
Aphabets format
check the words with
dictionary
&=
Se= dictionary
===ty
if

Figure 3.5: Text & Voice Assistant Processing Steps

3.2.4 Conversion on text format into SSL in real time
User can input the text using his/her keyboard to the system. After entering the
text, the system will identify the text & pre-processes it to analyze whether the
input is a text or an image. If the input is a text, the system will continue the pre-
processing in order to identify whether the entered text is displayed in English
format or not. If the text is not displayed in English, then the system will translate
the text into English while respecting the grammar rules. After pre-processing gets
over, the analyzed text will send to the system database to start the converting

process.

15



This stage is one of the most important section in whole research component. In
system database, there are 2 type of data tables. One data table keeps the hand
gestures which are related to the letters in English Alphabet. The sample for the
hand gestures related to English Alphabet letters are shown in Figure 3.6

Figure 3.6: English Alphabet Using in Sri Lankan Sign Language

The other data table consists of already-defined Sri Lankan hand gestures. As below
Figure 3.2 there are some sign which already give the meaning of one specific word

like “Good morning” or “Thank you”.

Our system database will be stored with small video clips for each already-defined
sign. When pre-processed text arrives to the system database, the system start will
compare the text with the data records. If system finds there is already-defined sign for

16



the text, then chooses the related video clip. Otherwise, the system will select signs for
each letter in the word & combine all the signs together. Then the combination of signs

will be converted into a GIF & pass to the next section.

At the last stage, all the video clips & GIFs will be ordered according to the order of

text entered to the system & displayed to the user.

3.2.4.1 Pre-processing the Input-Text
Pre-processing the input-text is a series of events happens between get an input-text
from the user & Converting the text into a language which can be understood by the

system. This series of events are displayed in Figure 3.7

Applying S{ntlment Analysis

Istextin

English? Go to next stage  f----------- >

A

Send to Mechanism Converting text into )
to converting into text English

Figure 3.7: Pre-processing Input Text Diagram

As soon as the system get the input, which was entered by the user, it starts to apply
the Sentiment Analysis on the input [24]. At the first step, the system tries to figure
out whether the input is a text or an image. If it is a text, then the system tries to figure
out whether the text is in English text format or not. If it is not is English, then the
system will translate the text into English while following the grammar rules. Finally,

the pre-processed text will send to the next stage.

17




3.2.4.2 Mechanism of Converting Text to GIF
Mechanism of converting text into GIF is a series of events which happens between
input text & GIF output. This series of events is known as “Text Adaptation” which

displays in below Figure 3.8

1
111

Data Table with
already-defined signs

Pre-processed text Analyzing using
input Semantic Analysis

System DB D
D |:

Data Table with signs
for English Alphabet

Identify Set of Convert into Sign
Tokens 4 Language

1l

Create GIF

A 4

Figure 3.8: Mechanism to Converting Text to GIF

The pre-processed text is sent to the system database. In here, system tries to recognize
one word at each time with the assistance of Semantic Analysis [25]. After the
analyzing the system will recognize that the related sign for the entered word is
existing in system database or not. If there is no sign related to the input text, then the

system will create a GIF & display to the user.
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4 DESCRIPTION OF PERSONAL & FACILITIES
4.1 Work Breakdown Structure

4.1.1 Data Acquisition & Feature Extraction in Real Time
4.1.1.1 Capturing Image and Identifying Hands
e Gathering a set of individuals who have different skin color, varying palm sizes
etc.
e Take photos of both their hands on the front and the back sides. Everyone is
taken 8 low resolution photos each (maximum 20 individuals)
e Those images are fed into the database for training the model to identify hands.
e Using those pre-fed images, implementing the system to identify hands using
leading tech stack and algorithms

4.1.1.2 Real Time Operation
e All the operations should happen in real time
e Fine tuning the image recognition algorithm

e Improving the database schema

4.1.2 Sign Recognition & Translation
e Preparing an optimal dataset to create the effective data model.
e Applying a proper machine learning algorithm for translation.
e Translating images into representing English alphabet letter.
e Optimizing the overall model to real time translating.
4.1.3 Converting text format into SSL in Real Time
4.1.3.1 User Input Capturing & Analyzing
1 Capture the user inputs efficiently
2 Apply Sentiment Analysis technique to the captured input
e By applying Sentiment Analysis, system should be able to pre-process the
user-inputs while checking whether the type of the user-input is text & if
the user-input fulfill above fact then check whether it is entered to the
system using English language.
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4.1.3.2 Presenting the Solved Sign Language Conversion

1 Compare the pre-processed input-text with the data records in system database

When comparing, first the system should check whether there is already-
defined sign. To fulfill this task, the system should compare the input-text
with the data table which contain the video clips of already-defined signs.

If there is similar text, then system should get the video clip which related
to the text & pass to next section.

If system unable to find a similar text in the data table with already-defined
video clips, then system should check with the data table which contains
the letters of English alphabet & the sign related to each letter.

Then system should convert each letter in the text into sign using the above-
mentioned data table with English letter. (The order of the sign should like
the order of the English letters in the text)

Then convert the combination of signs into a GIF using Semantic Analysis
& send to the last step.

2 Display the input-text with converted sign to the user

In the last stage, the system should consist with all the video clips & GIF
related to the user-input. (All the video clips & GIF should place in the
similar order as the user-input)

Then system should display the converted signs with the user-input in eye-

pleasant manner.
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5 BUDGET & BUDGET JUSTIFICATION

Without a budget, no system can function or do efficient analysis on a given domain.

The table below shows the breakdown of the budget which might vary according to

changing prices of the products and services.

Component Amount Amount
(USD) (LKR)
Variable Cost
Travelling — Train (Batticaloa -YMCA) 7.92 1440.00
Travelling — Bus (Ratmalana) 1.12 200.00
Internet Charges 11.01 2000.00
Mongo DB cloud — 2GB 11.01 2000.00
Total 31.06 5640.00
Fixed Cost
Domain Name Registration 4.40 800.00
Hosting 55.05 10000.00
Total 59.45 10800.00

Table 2.1: Budget Plan
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