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ABSTRACT

The ability to communicate is vital in human experience, but for those who have vision loss or hearing loss
there are often major obstacles when trying to share ideas with one another. This project has created an
assistive communication system utilizing software to respond to these challenges and make communication
more accessible. The proposed solution is a unified software platform utilizing both speech to text and text
to speech technologies to provide effective communication between individuals with disabilities who have
different methods of communicating. The system works by capturing sound from a user's voice via a
microphone (capturing the audio) and converting it into text so that a user who cannot hear can read and
understand what was said by the other user. Conversely, when a user who does not have vision inputs text,
the system converts the text input into audio (speech) so that the visually impaired user can hear and
understand what was said. The software is written in Python and makes use of several Python libraries
including Speech Recognition for recognizing speech accurately and pyttsx3 for converting text into speech
that sounds as natural as possible. This system is built to be low cost, easy to use and simple to set up without
requiring any specialized hardware. This system can provide meaningful communication between individuals
with disabilities nearly instantly, supporting fluid, real-time conversations. The performance testing showed
the system provides good accuracy and performance under normal conditions and some performance
limitations exist when there is significant noise present or the input is unclear. This system supports
communication, increases independence and supports inclusive communities for those with visual or auditory
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impairments. This system also has a high probability of being used in real-world settings in many education,
healthcare and daily communication environments, with future development possibilities such as
multilingual support and advanced noise handling capabilities.
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1. INTRODUCTION

In most places; therefore, an individual who is blind may not be able to read or use Braille, even though they
know how to use it. These barriers create immense obstacles in society through both reducing the ability of
individuals with sensory disabilities to effectively participate in society and by reducing the number of people
participating in society due to lack of knowledge about or experience with methods of communication used
by individuals with sensory disabilities. Therefore, the development of new technologies to assist people who
are blind and/or deaf to communicate with each other using one common method or to use different
communication methods with the same individual will help address some of these barriers and will help
individuals with sensory disabilities to communicate with one another and to communicate with the rest of
society. Each individual with a sensory disability has unique obstacles to navigating the world around them
based upon their specific sensory disabilities and the world at large. Some of the common barriers individuals
encounter in communicating with other individuals who are also disabled include: one-to-one
communication, one-to-many communication, and device-to-device communication. In addition, the
inability of individuals with sensory disabilities to access the same kinds of information can hinder their
ability to communicate with others. Consequently, new technologies that will increase the ability of
individuals with sensory disabilities to communicate with one another, and to build capabilities to use new
technologies, will enhance the ability of individuals with sensory disabilities to express themselves through
communication.
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INTRODUCTION

@ D, The Software-Based Assistive Communication System
for Blind and Deaf is designed to bridge the
N communication gap between individuals with
visual and hearing impairments.
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By integrating these features into a single platform,
the system promotes inclusive communication,
independence, and accessibility for all users.

!

OUTCOME / IMPACT
o/ This innovative approach enhances social interaction
and ensures equal opportunities in education,

work, and daily life.

2. LITERATURE REVIEW

This literature review provides an overview of current research into using Al to create assistive technology
for people with disabilities. Much of the current research looks at the development of speech-to-text systems,
which convert verbal communication from a hearing person into written communication so that someone
who is deaf can understand what was spoken. Text-to-speech technologies take written communication from
a person who is blind and convert it to verbal communication, allowing them to 'hear' the words that were
written. Researchers are developing technologies such as Natural Language Processing (NLP) and Machine
Learning (ML) that will continue to improve speech-to-text systems and text-to-speech systems in terms of
the accuracy and efficiency with which they convert communications. However, the majority of available
research has been focused on developing and implementing solutions for only one type of disability, with
little attention given to developing integrated solutions that address multiple types of disabilities. Although
some solutions exist that include both speech-to-text and text-to-speech features, they can be prohibitively
expensive or overly complex, making them challenging to use for individuals who would benefit from them.
Furthermore, few solutions have been designed to allow for real-time communication. Therefore, this
research study will develop a simple, low-cost, real-time integrated speech-to-text/text-to-speech
communication system that will assist both individuals who are deaf/hard-of-hearing and those who are
blind/visual impaired.
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2.1 Introduction to Assistive Technologies

In recent years, there has been a tremendous increase in the availability of assistive technologies to assist
people with disabilities; these technologies are designed to help find solutions to break down communication
barriers and create more accessible ways to perform day-to-day tasks. The rapid development of Artificial
Intelligence (AI) allows for assistive technology systems to be more intelligent, adaptable and easy to use,
as well as enabling machines to comprehend human actions, human speech and human text allows for
creating systems that will be designed specifically for the needs of people who are deaf or visually impaired.

2.2 Speech Recognition Systems for the Deaf

Speech recognition technology is essential for the deaf because it converts speech into text. It allows the deaf
to understand what others are saying in the conversation. Previously, such technologies had many drawbacks,
including low accuracy, inability to handle diverse accents, and difficulty coping with noise. However, with
the help of machine learning, today speech-to-text translation has become much faster and accurate, allowing
real-time conversion of speech to text.

2.3 Text-to-Speech Systems for the Blind

Text-to-speech technology helps visually impaired people convert text into speech, making it possible for
them to listen to digital texts, such as books, web pages, messages, etc. Thanks to deep learning algorithms,
synthesized speech can be made much more human-like and understandable than before. In addition, the
text-to-speech feature is now available on various mobile phones, laptops, and other electronic devices.

2.4 Role of Natural Language Processing

The application of NLP in speech recognition technology and text-to-speech technology is important. NLP
allows the computer to understand, interpret, and create language in a comprehensible manner. With
understanding context, grammar, and semantics, NLP increases the efficiency of communication in these
technologies. The use of NLP in assistive devices enhances translation accuracy, sentence structure, and
situational relevance in the response.

3. EXISTING SYSTEM

Blind and deaf people usually communicate using traditional methods. Examples of these conventional
methods are Braille, sign language and human interpreters. Braille is a tactile method that allows blind people
to receive input by the sense of touch. While Braille works very effectively, it requires a special education
process to learn how to read and write with it, and is not accessible in all areas, especially digital
environments. They can communicate very effectively using sign language, however there are many people
who do not understand sign language, making it difficult for deaf people to communicate with members of
the general population. Interpreters can be used to facilitate communication between blind and deaf users, as
well as between those groups and people in general. While interpreters do an excellent job of providing non-
biased and exact communication, there are several drawbacks associated with the use of interpreters,
including the fact that they can be expensive, they can be scarce and they can compromise your security. This
can be particularly true when trying to find qualified interpreters in rural areas and underdeveloped countries.
Many of the modern communication assistance devices available to improve communication are also
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expensive, they require separate hardware to operate and they have a limited lifespan, so many people have
difficulty obtaining them. In addition to their generally high costs, many of the devices require the operator
to have a certain level of technical knowledge before they can be used, making them very difficult for most
people to use. These various limitations have created the need for a cost effective, simple and real-time
communication assistance solution that does not require dependent on outside resources for its use or
maintenance.

Flow of Existing System:

1. Input Stage

Microphone (speech input)
Camera (text / gesture input)
@ Buttons / sensors

2. Processing Stage
Microcontroller / Computer

@2 Software processing (Al / OCR / STT / TTS)
3. Conversion Stage

Speech — Text (for deaf users)
@09 Text — Speech (for blind users)
4. Output Stage

Display (text output)

@) Speaker (voice output)

B Vibration (for deaf-blind users)

4. PROPOSED SYSTEM

The proposed system is an assistive communication system that will allow for effective communication
between deaf/blind persons who communicate in different ways. The purpose of this system is to eliminate
the communication gap by helping to enable two-way communication (i.e., speech for the hearing and text
for people with hearing impairments) using both voice and text technologies. By utilizing speech recognition
combined with the speech synthesis of both spoken (i.e., a person either hearing or seeing) and written (i.e.,
a deaf person) words, the system will provide for the ability to interact without any difficulty. Speech
recognition should provide the ability to convert spoken audio signals into written text, while speech
synthesis provides an ability to convert written text into an audio signal so that people who cannot see or
hear will receive the same messages. With speech recognition, input will be obtained through a microphone,
and this processed (i.e., digitized) audio will be created into written form in real-time. As such, deaf
individuals will be able to see the written text. By producing the recognized text in real time, the
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communication from the deaf user to the blind user or vice versa can occur with very little delay between
occurrences. Once recognized, the text will be displayed on a visual display device (e.g., monitor, computer
screen). For those individuals who are blind, by supplying text to the system created by either voice or text
inputs into the system from Deaf users, the blind user will be able to access the information by way of the
output system via auditory means. The text will be transformed into audible speech and be able to easily be
heard via a speaker. The continuous flow of communication from a deaf person to someone who is blind will
be made fluent, thanks to the audio capabilities of the system via speech synthesis. The architecture of the
proposed system includes many critical components such as input peripherals (i.e., microphone and
keyboard) speech recognition processor, speech synthesis processor, and an output device such as a
monitor/screen and speaker. To ensure effective and reliable operation of the proposed assistive
communication system, all of these components should work together. By having all of these components
integrated, the assistive communication system can provide real-time, seamless communication between the
deaf/blind partner(s).

PROPOSED SYSTEM STRUCTURE

SOFTWARE BASED ASSISTIVE COMMUNICATION SYSTEM FOR BLIND AND DEAF

PROCESSING LAYER CONVERSION MODULE ‘

Camera ‘ OCR Module Text-to-Speech (TTS) AudloOutput
- ) — @)
m Capture Text / ( Image to Text Conversion ) ‘ ) ( Convert Text to Speech ) ))  (speaker/ Headphone)
Images For Blind Users
. Microphone . Speech-to-Text (STT) D Text Formatter Text Display
T/ Captire Speschy ’ Y  (Convert Speech to Text ) ( Structure & Format Text ) Q (Screen / Mobile App)
Sounds | b > For Deaf Users
Sign Language : .
w e | @ Sigh Langlisge Racaghition Larigjiage Tranalutar ((D)) Vibration / Haptic Feedback
CarAistac oot len ( Convert Gestures to Text ) p>d  ( Multi-language Support ) For Deaf-Blind Users
E Keyboard / Touch Natural Language Processing | | | @ Data Manager [ ® ©  Braille Display
Manual Text Input (Understand & Process Text ) W  (Store & Retrieve Data ) e e  (Optional)
SYSTEM WORKFLOW
User Input Input Acquisiion Processing ( Conversion Output Delivery User
Camera / Mic / > Capture Data OCR/STT/ Sign > TTS/Formatting / > Audio / Text / » Blind / Deaf /
Sign / Keyboard L Recognition / NLP Translation | Vibration / Braille | Deaf-Blind

Secure & Reliable

Muilti-Modal Input Real-time Processing Multi-Language Support User Friendly Interface
8 Supports multiple ‘ )) Provides instant @ Communicates in Simple & easy Data is stored
input types for conversion & multiple languages interface for all securely and

better accessibility feedback easily users accessed quickly

((

5. METHODOLOGY

A designed system will allow individuals to communicate via voice and text interfaces effectively, which
will also make the system easy to use. The focus for the system will be to provide assistance to all individuals
(including those with visual disabilities) by converting speech to text and text to speech. Initially, the system
will receive voice input (microphone) or text input (keyboard) from the user. When the user provides voice
input, the system will collect the audio (voice) signal using the microphone, and then remove the background
noise and increase clarity of the audio. The processed audio will then be passed to the speech recognition
module. This speech recognition process will use the Speech Recognition library in Python, which will
convert speech to text by analyzing the audio signal for audio patterns and matching those patterns with
language models. Once the audio is recognized as a 'text', the recognized text will be processed or
communicated with further down the line. When a user provides input in the form of text, the text will be
processed by the system to advance to the next step of providing speech output. This will be accomplished
using the pyttsx3 library, which is a text-to-speech (TTS) engine written in Python. The TTS engine will
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generate a realistic ‘sounding’ audio output that the system will play through the system speakers so that the
user can hear the information being transmitted by the TTS engine. Since the project will be built using
Python, Python's wide range of artificial intelligence (Al) and audio processing (AP) libraries make Python
an ideal training language. Additionally, the ease of use and flexibility of Python's training language will
allow the development of this technology to be completed in a timely manner for implementation with these
assistive technologies. In order to achieve reliability and accuracy, the system has been tested in multiple
different environmental conditions, using a variety of environments.

METHODOLOGY OF SOFTWARE BASED ASSISTIVE COMMUNICATION SYSTEM FOR BLIND AND DEAF

The proposed system enables effective communication between blind and deaf individuals by converting speech to text and ’}

text to speech. The system is designed as a simple, user-friendly application that works in real time.

1. INPUT MODULE 2. PROCESSING MODULE 3. OUTPUT MODULE 4. SYSTEM FLOW

The system accepts input in The input is processed and The processed data is Overall flow of the system.
two ways. converted into the required converted into output.
format. Start
a) Voice Input
(For Deaf Usert) Speech Recognition [
(Speech to Text) (For Deaf Users) e

|
. ———— o =t—t| Hello, — (Voice/Text)
® s — @ 2 :

Speech through
Microphone

Text Output ¢

Using Python Library

The recognized text i
(SpeechRecognition) Srecoqnsec e -

displayed on the screen. (Speech to Text /

Processing
Text to Speech)

b) Text Input

(For Blind Users) Text to Speech ( Audio Output ¢
Conversion ‘ (For Blind Users)
| Output J
@ — ‘ ))) \ _*‘ ‘ ))> (Text / Audio)
Text through Using Python Library he textis convarted 1o ¥
Keyboard (pyttsx3) :‘hmugh sp:akir, End
5. WORKING 6. TECHNOLOGIES USED

« If the deaf user speaks, the system converts

the speech into text and displays it on the @ * Programming Language : Python

screen. « Speech Recognition : SpeechRecognition Library

(Helto ) A~
« If the blind user types, the system converts @ - Text to Speech  : pyttsx3 Library
the text into speech and plays it. ‘ . < Y | )) « GUI (interface) : Tkinter

« This enables two-way communication N i
between blind and deaf individuals. ¢ Microphone & Speaker : For Volce Input
(For Deaf User) (For Blind User) and Audio Output

7. TESTING AND EVALUATION

The system is tested with different voices, background noise and text inputs to check accuracy, response time and reliability.
Performance is evaluated and improvements are made to enhance the user experience.

6. RESULTS AND DISCUSSION

The computer-based assistive communication application that has been developed enables two way
communication between a person who is visually impaired and/or hearing impaired using assistive
technology to communicate. The results achieved through this system show that both speech to text and text
to speech conversion are successfully performed by the software with a high degree of accuracy when used
in a noise free environment. Under quiet testing conditions, the speech recognition portion of the system
produces accurate transcriptions of spoken speech, and the text to speech portion of the system produces
clear audible output that is easy to comprehend and makes communication between the two users fluid and
efficient. It was noted throughout the testing that the combined speed of operation for both speech recognition
and text writing operates in close to real time. Therefore, the application is practical for communicating in
an environment where a user is required to receive immediate feedback from the other user. The software
has been designed to provide the user with a simple to use interface when using assistive technology for
either speech or written text. The interface allows the user to switch easily between using voice input mode
and text input mode, thus providing flexibility for individuals who may have various needs to communicate
using assistive technology. The proposed system provides significant advantages over the existing
technology by incorporating both speech to text and text to speech conversion onto one platform. Therefore,
the user will not need to utilize both of these types of applications and will reduce the overall cost and
complexity of providing both types of assistive technologies. Python and its supporting libraries were used
in the development of the software will allow for efficient use of hardware resources, thus allowing for easy
development of the assistive technology. The majority of the libraries that were used within the application
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were typically found in most computers and provided to the assistive technology application with reliable
performance without significant amounts of computer processing capabilities. However, as indicated
previously, the effectiveness in which the application performs is greatly affected when there is background
noise as the performance of the application is limited significantly when the individual using the application
speaks in a noisy environment. This supports the need for providing process improvements to reduce
background noise.

7. FUTURE SCOPE

The proposed software-based assistive communication system has great potential for numerous
enhancements that will improve performance, ease-of-use, and practicality of the system in real-world
applications. A major area for improvement is utilizing advanced (current) Artificial Intelligence and deep-
learning methods to increase the accuracy of speech recognition for a variety of speaking accents/styles
within noisy environments. Expansion of the system to include multiple languages is essential, so that users
can communicate between different linguistic groups. Real-time language translation will greatly enhance
effectiveness when communicating on a global scale. Another intention of future development is making the
system more accessible and convenient by deploying as a mobile device application. This will allow users to
access it on a daily basis. Using cloud technology will also enable faster data-processing and storage
capabilities, as well as provide a mechanism for continuous improvements through system updates.
Additional features, such as emotional recognition, customizable voice settings, and contextually aware
response capabilities, will help to create a more natural and personalized experience for the user. Integration
with wearable devices or the IoT will provide hands-free and mobile access to assistive communication.
Improved user interface designs will lead to intuitive and simple-to-use systems for all users, regardless of
their technical knowledge. Continuously testing and refining the technology will also address existing issues,
such as delays from processing and imprecision of responses to spoken commands made within complex
environments. As all of these advancements occur, the system will become increasingly more robust,
scalable, and effective, thereby providing equal access to participation in society for all individuals who are
either visually or hearing impaired.
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