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ABSTRACT

Sign language interpretation is an importance task to facilitate communication
among hearing and vocally impaired people and normal people. Hearing and
Vocally impaired face problems in communicating with others. Hence, the goal of
this paper is to design a desktop human computer interface application that is used
to facilitate communication between normal, hearing and vocally impaired people.
The system helps blind person to hear voice saying the word gestured by the
hearing and vocally impaired people while the hearing and vocally impaired will
receive a gesture representing the word said by the normal people. The system
works in two directions, the first direction is processing from video to speech. The
animated word gestures are mapped with language knowledge base into text. Then,
the relevant audio is generated using Text-to-Speech (TTS) API. The KNN
algorithm is being used for the classification and GLCM method for feature
extraction. The second direction is processing from speech to video. The voice
from normal people is converted into its corresponding text using Speech-to-Text
(STT) API. Then, the text is mapped to relevant sign language form and displayed
to hearing and vocally impaired people. The existing Glove based system is
restricted by limitations such as high cost flex sensor, long time to adapt and it

requires the user to be connected to the system .The proposed system does not




require any high technology and the implementation is low and the system does not

require wearable devices.
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CHAPTER 1 INTRODUCTION

1.1 GENERAL

According to the World Health Organization (WHO), there are around 466
million people worldwide have disabling hearing loss and 285 million
vocally impaired. Hearing and Vocally impaired people face problems in
communicating with others with difficulties in dealing with the
communication technology. The goal of this project is to design a desktop
human computer interface application that is used to facilitate
communication between normal, hearing and vocally impaired people. The
system helps Normal person to hear voice saying the word gestured by the
“hearing and vocally impaired people” while the hearing impaired people
will receive a gesture representing the word said by the Normal. It is
important to give the people with hearing loss an individualized and
appropriate communication system that supports different communication
techniques, strategies and modes. These systems should reflect their
assessed needs and respects their choice with facilitating their life by
integrating them into the society.

1.2 SIGN LANGUAGE

viii




A Sign language(also signed language ) is a language which chiefly uses
manual communication to convey meaning, as opposed to acoustically
conveyed sound patterns this can involve simultaneously combining hand
shapes, orientation and movement of the hand ,arms or body, and facial
expressions to express a speaker’s thoughts. Sign language many
similarities ~with spoken languages (sometimes called “oral
languages”).which depend primarily on sound and linguists consider both
to be type of natural language although there are some significant
differences between signed and spoken languages, such as how they use
space grammatically, sign languages show the same linguistic properties
and use the same language faculty as do spoken languages. They should
not be confused with body language, which is a kind of non-linguistic
communication. Wherever communities of hearing impaired people exist,
sign language have developed, and or at the cores of local hearing
impaired people cultures. Although signing is used primarily by the
hearing loss people, it is also used by others such as people who can hear
but cannot physically speak or have trouble with spoken language due to
some other disability (augmentative and alternative communication). It is
not clearly how many sign language there are. A common misconception
is that all sign languages are the same worldwide or that sign language is
internationally. Indian sign language interpretation is an important task to
facilitate communication among Indian hearing impaired people
community and other people. Even now, hearing loss people are isolated
from the society because of the communication gap with other people.




S b E gk gk

Figure 1.1 Alphabets in Indian Sign language
1.3 INTERPRETATION OF THE SIGN LANGUAGE AND RELATED
WORK

There are two ways to bring hearing loss people into mainstream of society
1) Human interpreter 2) Computer interpreter. As compared to number of
hearing loss people, human interpreters are much less in number and
moreover they may not be available every time. Sign language recognition
involves field of computer vision, pattern recognition as well as linguistic
study. It is a very challenging problem for the researchers due to the multi-
modality gesture interface and limitation of vision based technology. Sign
language considers different modality gesture such as lip movements,
facial expression, eyebrow movements and hand gestures.

Several algorithms are developed for the recognition of the hand gestures
such as Dynamic Time wrapping which gave better accuracy for
continuous word recognition, Inverted Indexing for convolutional
continuous sentence recognition. Hardware devices such as a pair of data-
gloves are used as the sensing devices for detecting motions of hands and
fingers. For efficient recognition of gestures and postures, a technique of
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efficient classification of motions is proposed and a fuzzy min-max neural
networks is adopted for on-line pattern recognition.

A Novel feature vector is proposed which is suitable for recognizing
dynamic hand gestures with a Leap Motion Controller. The feature vector
with depth information is computed and fed into the Hidden Conditional
Neural Field (HCNF) classifier to recognize dynamic hand gestures.

The static hand gestures were recognized by using hand contour as the
hand gesture feature and SVM is used to classify the feature. A Multi-
Scale weighted Histogram of Contour direction (MSWHCD) based
direction normalization is proposed to ensure a good recognition
performance.

1.4 OBJECTIVE

The system aims to develop a system for translating sign language
(sequence of images) into speech as one direction and translating voice
spoken words to sign language as a second direction. Machine Learning
algorithms are used for recognition of gestures and voice and hence
humans can communicate with the systems without any hardware devices,
which makes the system easier to use.

1.5 SCOPE OF THE PROJECT

Hearing and vocally impaired people find a difficulty in communicating
with normal people and therefore they cannot be fully part and effective
personnel in their Societies. Hence it helps for fast and better
communication between the normal people and hearing and vocally

Impaired people keeps a better understanding between them. In an
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emergency situation and in need of any usable things, the vocally impaired
person cannot communicate, for this purposes this system has been
proposed. These systems should reflect their assessed needs and respects
their choice with facilitating their life by integrating them into the society.

1.6 OVERVIEW OF THE PROJECT

The sign images are captured using the webcam and feature extraction is
done to convert the raw pixel values into useful information then machine
learning algorithm is used to recognize the captured sign language .In
other direction, voice is taken as input from microphone and feature
extraction is done on the recorded voice then recognition of the voice is
done using the machine learning algorithm.

1.7 OVERVIEW OF THE METHODOLOGY

1.7.1 PYTHON

Python programming language is used for the implementation of the
machine learning and feature extraction algorithms. Python is a general
purpose and high level programming language, allows you to focus on
core functionality of the application. Python is interpreted and is object
oriented. Python is simple, easy to learn syntax emphasizes readability and
therefore reduces the cost of program maintenance. Python supports
modules and packages, which encourages program modularity and code

reuse.

1.7.2 MACHINE LEARNING ALGORITHM
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Machine Learning (ML) is the scientific study of algorithms and standard
models that computer systems use to perform specific task without using
explicit instructions, relying on patterns and inference instead. Machine
learning algorithms build a mathematical model based on sample data,
known as training data, in order to make predictions or decisions without
being explicitly programmed to perform the task. Machine Learning is
used in project, since it is difficult to conventional algorithm to perform
the task effectively.

K-NN (k-nearest neighbour) Algorithm is used for the pattern recognition
and classification. The input consist of the k closest training examples in
the feature space and the output is the class membership. The training
examples are vectors in a multidimensional feature space, each with a
class label. The training phase of the algorithm consist of only of storing
the feature vectors and class labels of the training samples. In the
classification phase, k is a user-defined constant, and an unlabelled vector
(a query or test point) is classified by assigning the label which is most
frequent among the k training samples nearest to that query point.

1.8 ADVANTAGES OF THE SYSTEM

The proposed vision-based hand tracking system does not require any
special markers or gloves. It can operate with low-cost cameras. The
proposed system puts no restrictions on the environment illumination or
background simplicity.
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1.9 SUMMARY

This chapter covers the framework for hand gesture recognition and voice

recognition using the machine learning algorithms and feature extraction
using the feature extraction algorithms.

CHAPTER 2

LITERATURE SURVEY

2.1 GENERAL

The chapter gives the overall description of the reference paper techniques
and methodology used which we can identify the problems of existing
methodology. The study helps us to identify the solutions to the problems
prevailing in the existing methodology and to increase the overall
performance of the system.
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2.2 LITERATURE REVIEW

A literature review is a text of a scholarly paper, which includes the
current knowledge including substantive findings, as well as theoretical
and methodological contributions to a particular topic. Literature reviews
are secondary sources, and do not report new or original experiment work.
Most often associated with academic oriented literature, such reviews are
founded in academic journals, and or not be confused with book reviews
that may also appear in the same publication. Literature reviews are a basis
for research in nearly every academic field. The study helps us to identify
the solutions to the problems prevailing in the existing methodology and to
increase the overall performance of the system. A narrow-scope literature
review may be included as part of a peer-reviewed journal article
presenting new research, serving to situate the current study within the
body of the relevant literature and to provide content for the reader. In
such a case, the review usually precedes the methodology and result
sections of the work.

2.4 SUMMARY

This chapter explains some of the researches undergone which are used as
reference for the development of this project. The drawback of existing
technique are identified and listed.
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CHAPTER-3
SYSTEM ANALYSIS

3.1 GENERAL

Identifying an existing system is essential to know about the drawback in
order to rectify them. A new system is then proposed which is efficient
when compare to existing system.
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3.2 EXISTING SYSTEM

The existing work is the Glove based system, a hardware system working
from signs to text direction. In this system speaker wear electronic
hardware gloves to measure hands and face motion level up to six degrees
of freedom using the flex sensor. Those systems are very efficient on its
measurements and can exactly describe each moving object. The limitation
of the existing work is high equipment cost and the user needs to be in a
static place.

3.3 PROPOSED SYSTEM

The proposed system is a software system working in both directions (sign
to voice & voice to sign). In this system the gesture of the hand is captured
using webcam and the gesture is classified using a classification algorithm.
In the other direction, the voice is given as which is converted to text and
then the sign images are displayed for each alphabet in the text. The
implementation of the system does not require any High-technology and
the implementation cost is low. The system does not require any wearable

devices.

3.4 SYSTEM ARCHITECTURE

The system mainly consists of two modules, first module is the translation
of the sign language to text and then to speech as one direction. The
second module is translation of the voice to text using google API.
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Figure 3.1 Sign to Voice System Architecture

Thus the figure 3.1 shows the architecture diagram of first module (sign to
voice) of the project. It consist of two phases, one is training phase and the
other is testing phase. Training phase deals with obtaining inbuilt input
images from the system and it continues with pre-processing work and
feature extraction and stores the feature vector formed in the repository.
The same process is followed in testing phase with only difference i.e. it
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deals with recognizing the live image which is given through the web
camera.

3.42VOICE TO SIGN

GOOGLE
SPEECH |:> API E:> TEXT

SIGNS
IDENTIFIED FOR
EACH ALBABET

Figure 3.2 Voice to Sign System Architecture

Thus the figure 3.2 shows the architecture of the second module (voice to
sign) of the project. It consist of only one phase i.e only testing voice .It
deals with obtaining the input voice and converting into text and signs are
displayed for each alphabet in the text.

3.5 SOFTWARE REQUIREMENTS
3.5.1 SPYDER

Spyder (Scientific Python Development Environment, previously known
as Pydee) is an open source cross-platform integrated development
environment (IDE) for scientific programming in the python language .It a
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simple and lightweight, yet powerful interactive development
environment. It can be installed on Windows using Python or Anaconda.

It integrates with number of prominent packages in the scientific python
stack, including Numpy, Scipy, Matplotlib, pandas, Ipython, Sympy and
Cython as well as other open source software. Spyder abilities can be
extended even further via its plugin system and API.

FEATURES

» EDITOR

Customizable syntax highlighting themes
Debugging breakpoints and conditional breakpoints(through
ipdb integration)

Interactive execution: Run line/selection, run cell, run file, re-
run and debug

Run configuration settings:

Working directory selection

Command line options

Outline Explorer: Navigate cells, functions, classes, blocks,
and more o Real-time code introspection features:

On-demand (Tab) and “dot” automatic code completion

. Automatic popup call tips showing function signatures

» IPYTHON CONSOLE
Any number of individual consoles, each executed in a separate, isolated
processes

20



https://docs.spyder-ide.org/debugging.html
https://docs.spyder-ide.org/debugging.html
https://docs.spyder-ide.org/ipythonconsole.html
https://docs.spyder-ide.org/ipythonconsole.html

Each console uses the full IPython kernel as a backend with a
light GUI frontend

Supports all of the powerful IPython magic commands and
functionality

Automatic code completion and calltips, and automatic link to
Help

Range of code run options and interactivity

Inline display of Matplotlib graphics (optional)

The User Module Reloaded, automatically re-importing
modified source files

» VARIABLE EXPLORER

Can list all global variables, functions, classes, and other
objects, or filter them by several criteria

GUI-based editors for numerous data types (numeric, strings,
collections, NumPy arrays, Pandas Data Frames, dates/times,
Images, and more)

Import/export data or an entire session from/to many formats
(text, csv, NumPy files, MATLAB files)

Interactive data visualization options (plot, histogram,
image...) using

Matplotlib

Provides documentation or source code for any Python object

(class, function, module...)

21



https://docs.spyder-ide.org/help.html
https://docs.spyder-ide.org/help.html
https://docs.spyder-ide.org/help.html
https://docs.spyder-ide.org/help.html
https://docs.spyder-ide.org/variableexplorer.html
https://docs.spyder-ide.org/variableexplorer.html
https://docs.spyder-ide.org/help.html
https://docs.spyder-ide.org/help.html

Can be triggered manually, on demand (Ctrl-1 by default) or
automatically on typing a left parenthesis after a function
name

(optional)
STATIC CODE ANALYSIS: Detects an array of style issues, bad

practices, potential bugs, and other problems with your code
PROFILER: Measures the performance impact of every function in
a file to identify bottlenecks and aid optimization

PROJECTS: Allows for easy saving and restoring of settings,
sessions and setup for working on multiple development efforts
simultaneously

FILE EXPLORER: Integrated filesystem viewing supporting
many common operations

FIND IN FILES: Find string occurrences in a file, directory, or
entire project with full support for powerful regular expressions and
excluded locations

ONLINE HELP: Search and browse rich HTML documentation on
installed Python modules, packages, functions, classes, builtins and
more, including your own

HISTORY LOG: Chronologically records every command entered
into any Spyder console with timestamps, syntax highlighting and
de-duplication

INTERNAL CONSOLE: Provides access to viewing, exploring

and controlling Spyder’s own operation

> GENERAL FEATURES

User environment variables viewer/editor (Windows-only)
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https://docs.spyder-ide.org/pylint.html
https://docs.spyder-ide.org/pylint.html
https://docs.spyder-ide.org/profiler.html
https://docs.spyder-ide.org/profiler.html
https://docs.spyder-ide.org/projects.html
https://docs.spyder-ide.org/projects.html
https://docs.spyder-ide.org/fileexplorer.html
https://docs.spyder-ide.org/fileexplorer.html
https://docs.spyder-ide.org/findinfiles.html
https://docs.spyder-ide.org/findinfiles.html
https://docs.spyder-ide.org/onlinehelp.html
https://docs.spyder-ide.org/onlinehelp.html
https://docs.spyder-ide.org/historylog.html
https://docs.spyder-ide.org/historylog.html
https://docs.spyder-ide.org/internalconsole.html
https://docs.spyder-ide.org/internalconsole.html

Handy links to useful resources and documentation (Python,
Matplotlib, NumPy, Scipy, Qt, IPython, etc.)

Interactive tour, tutorial and shortcut cheat sheet for new users

3.5.2 PACAKAGE INSTALLED — ANACONDA

Anaconda is a free and open-source distribution of the python and R
programming language for machine learning applications. It’s great for
having short and simple setup. It has more data science packages and
simplifies package management and deployment. It allow to build and
train machine learning model with scikit-learning package. It is flexible
for image processing through the skimage package. It also includes a GUI,
Anaconda Navigator, as a graphical alternative to the command line
interface (CLI).Anaconda Navigator is a desktop graphical user interface
(GUI) included in Anaconda distribution that allows users to launch
applications and manage conda packages, environments and channels
without using command-line commands. The Spyder application is
available by default in Navigator.

Scikit-image is an open-source image processing library for the Python
programming language. It includes algorithms for segmentation, geometric
transformations, color space manipulation, analysis, filtering, morphology,
feature detection, and more. It is designed to interoperate with the Python
numerical and scientific libraries NumPy and SciPy.
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https://en.wikipedia.org/wiki/Graphical_user_interface
https://en.wikipedia.org/wiki/Graphical_user_interface
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https://en.wikipedia.org/wiki/Command-line_interface
https://en.wikipedia.org/wiki/Command-line_interface
https://en.wikipedia.org/wiki/Command-line_interface
https://en.wikipedia.org/wiki/Command-line_interface
https://en.wikipedia.org/wiki/Command-line_interface
https://en.wikipedia.org/wiki/Command-line_interface
https://en.wikipedia.org/wiki/Open-source_software
https://en.wikipedia.org/wiki/Open-source_software
https://en.wikipedia.org/wiki/Open-source_software
https://en.wikipedia.org/wiki/Open-source_software
https://en.wikipedia.org/wiki/Image_processing
https://en.wikipedia.org/wiki/Image_processing
https://en.wikipedia.org/wiki/Image_processing
https://en.wikipedia.org/wiki/Library_(software)
https://en.wikipedia.org/wiki/Library_(software)
https://en.wikipedia.org/wiki/Python_(programming_language)
https://en.wikipedia.org/wiki/Python_(programming_language)
https://en.wikipedia.org/wiki/Python_(programming_language)
https://en.wikipedia.org/wiki/Python_(programming_language)
https://en.wikipedia.org/wiki/Image_segmentation
https://en.wikipedia.org/wiki/Image_segmentation
https://en.wikipedia.org/wiki/Image_segmentation
https://en.wikipedia.org/wiki/Feature_detection_(computer_vision)
https://en.wikipedia.org/wiki/Feature_detection_(computer_vision)
https://en.wikipedia.org/wiki/Feature_detection_(computer_vision)
https://en.wikipedia.org/wiki/NumPy
https://en.wikipedia.org/wiki/NumPy
https://en.wikipedia.org/wiki/NumPy
https://en.wikipedia.org/wiki/SciPy
https://en.wikipedia.org/wiki/SciPy
https://en.wikipedia.org/wiki/SciPy

Scikit-learn is a free software machine learning library for the Python
programming language. It features various classification,
regression and clustering algorithms including support vector machines,
random forests and DBSCAN.

3.6 SUMMARY

The proposed system along with the existing system is discussed. The
basic requirement of software that are used to implement the project is also
discussed in this section

CHAPTER-4

SYSTEM DESIGN
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https://en.wikipedia.org/wiki/Free_software
https://en.wikipedia.org/wiki/Free_software
https://en.wikipedia.org/wiki/Machine_learning
https://en.wikipedia.org/wiki/Machine_learning
https://en.wikipedia.org/wiki/Library_(computing)
https://en.wikipedia.org/wiki/Library_(computing)
https://en.wikipedia.org/wiki/Library_(computing)
https://en.wikipedia.org/wiki/Python_(programming_language)
https://en.wikipedia.org/wiki/Python_(programming_language)
https://en.wikipedia.org/wiki/Python_(programming_language)
https://en.wikipedia.org/wiki/Python_(programming_language)
https://en.wikipedia.org/wiki/Statistical_classification
https://en.wikipedia.org/wiki/Statistical_classification
https://en.wikipedia.org/wiki/Statistical_classification
https://en.wikipedia.org/wiki/Statistical_classification
https://en.wikipedia.org/wiki/Regression_analysis
https://en.wikipedia.org/wiki/Regression_analysis
https://en.wikipedia.org/wiki/Cluster_analysis
https://en.wikipedia.org/wiki/Cluster_analysis
https://en.wikipedia.org/wiki/Cluster_analysis
https://en.wikipedia.org/wiki/Support_vector_machine
https://en.wikipedia.org/wiki/Support_vector_machine
https://en.wikipedia.org/wiki/Support_vector_machine
https://en.wikipedia.org/wiki/Support_vector_machine
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https://en.wikipedia.org/wiki/Random_forests
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4.1 GENERAL

Based on the detailed analysis of the existing system, the new system must be
designed. This is the phase of the system designing. It is the most crucial
phase in development of a system.

4.2 MODULE DESCRIPTION
4.2.1 IMAGE TO SPEECH CONVERSION

It consists of training phase and test phase. Training Phase deals with
obtaining input image and continues with pre-processing work and feature
extraction. Test phase deals with recognizing the live image.

A. DATASET ACQUISITION

The images of the sign languages are collected and the data set is formed. For
each alphabet 1000 images are captured.

Figure 4.1 DATASET

B. DATA PREPROCESSING
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Data pre-processing is a data mining technique that involves transforming raw
data into an understandable form.

The color scale of the collected image are transformed from RGB to HSV
color scale. HSV color space is the most suitable color space for color based
image segmentation. HSV color space consist of 3 matrices, ‘hue’,
‘saturation’, and ‘value’. ‘Hue’ represents the color, ‘saturation’ represents
the amount to which that respective color is mixed with white and ‘value’
represents the amount to which that respective color is mixed with black.
HSV color spaces separate color from intensity.

The skin detection take place using the cv2.inRange function, the HSV frame,
the lower and upper boundaries are passed as arguments. The lower and upper
boundaries are the pixel intensities to be considered as skin in the HSV frame.
The output of the function is the mask, the mask is a single channel image.
Pixels that are white (255) in the mask represent areas of the frame that are
skin, pixels that are black (0) in the mask represent areas that are not skin.

However, we may detect many small false-positive skin regions in the image.
To remove these small regions, the structuring kernel will be created. The
kernel (a matrix of size 3x3 pixels) work as a slider. When the slider slide
around, and if all of the pixels are white, then we get white, otherwise black,
the technique is termed as Erosion. The other version of this is Dilation,
which basically does the opposite, if the entire area isn’t black, then it is

converted to white.
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» Then, the mask is smoothened using a Gaussian blur. This smoothing step
produces much cleaner mask. It is widely used to reduce image noise and
enhance the image structure. The Gaussian Kernel size and the standard
deviation is given as the input to the function. Gaussian function is a
mathematical function that calculates the transformation to be applied to each

pixel in the image.

» The skin mask is applied to the frame using the Bitwise AND operation.
Bitwise operations helps in image masking and enhancing the properties of

the input images.

» The frame is converted to GRAY scale, since GRAY scale reduces
complexity and makes the data efficient for computations and makes the
images suitable for any applications. For a grayscale images, the pixel value is
a single number that represents the brightness of the pixel. The possible

values ranges from 0 to 255.

C. FEATURE EXTRACTION

Feature extraction is a process of dimensionality reduction by which an initial
set of raw data is reduced to more manageable groups for processing.

» GLCM [Gray Level Co-Occurrences Matrix] is used to extract the features of
the image. The basic idea of the GLCM is it considers of adjacency of the
pixel values. The GLCM function characterize the texture of an image by
calculating how often pairs of pixel with specific values and in a specific
spatial relationship occur in an image, creating a GLCM, and then extracting
the statistical measures from this matrix. Greycomatrix method is used to
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calculate the grey-level co-occurrences matrix. The call to the greycomatix is
of the form,

greycomatrix (Image,Distance, Angle,Level,Symmertry,Normed)

Image: integer type input image. The image will be cast to uint8, so the
maximum value must be less than 256.

Distances: List of pixel pair distance offsets

Angles: List of pixel pair angles in distance

Levels: The input image should contain integers in [0, levels-1], where levels
indicate the number of grey-levels counted.

Symmetric: If this is accomplished then the entry (i,j) and (j,i) will be same.
The default is False.

Normed: If true, normalize each matrix by dividing by the total number of
accumulated co-occurrences for the given offset. The elements of the
resulting matrix sum to 1.

> The statistical properties such as Contrast, Dissimilarity, Correlation,
Homogeneity, ASM, energy are calculated and the feature vector is formed.

» Contrast property returns a measure of the intensity contrast between a
pixel and its neighbour over the whole image.

» Dissimilarity is similar to contrast, instead of weights increasing
exponentially(0,1,4,9..etc) as one moves away from the diagonal as contrast
did, the dissimilarity weights increase linearly(0,1,2,3,..).

« Correlation returns a measure of how correlated a pixel is to its
neighbour over the whole image. The range is [1 -1].Correlation is 1 or -1 for
a perfectly positively or negatively correlated image. Correlation is NaN for
a constant image.
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» Energy returns the sum of squared elements in the GLCM. The range
is [0 1]. Energy is 1 for a constant image.

» Homogeneity returns a value that measures the closeness of the
distribution of elements in the GLCM to the GLCM diagonal. The range is [0 1].

Homogeneity is 1 for a diagonal GLCM.

> Finally, the feature vector is constructed, which is of the form

[Contrast, Dissimilarity, Correlation, Homogeneity, ASM, Energy, bm1, gm1,
rml]

Feature vectors are used to represent numeric characteristics called features,
of an object in a mathematical, easily analyzable way. Feature vectors are
used widely in machine learning because of the effectiveness and practicality
of representing objects in a numerical way to help with many kinds of
analyses. They are good for analysis because there are many techniques for

comparing feature vectors.
D. CLASSIFICATION USING KNN ALGORITHM

K-nearest neighbors (KNN) algorithm is a type of supervised machine
learning algorithm which can be used for both classification as well as
regression predictive problems. However, it is mainly used for classification
predictive problems in industry.

KNN is a lazy learning algorithm because it does not have a specialized
training phase and uses all the data for training while classification. KNN is
also a non-parametric learning algorithm because it doesn’t assume anything

about the underlying data.
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WORKING OF KNN ALGORITHM

k-nearest neighbors (KNN) algorithm uses ‘feature similarity’ to predict the
values of new data points which further means that the new data point will be
assigned a value based on how closely it matches the points in the training
set. We can understand its working with the help of following steps

Step 1 — For implementing any algorithm, we need dataset. So during the first
step of KNN, we must load the training as well as test data.

Step 2 — Next, we need to choose the value of K (user defined constant) i.e
the nearest data points K can be any integer.

Step 3 — For each point in the test data do the following —

(i)  Calculate the distance between test data and each row of training data
with the help of any of the method namely: Euclidean, Manhattan or
Hamming distance, Minkowski. The default metric is minkowski.

(i)  Now, based on the distance value, sort them in ascending order.

(iii)  Next, it will choose the top K rows from the sorted array.

(iv)  Now, it will assign a class to the test point based on most frequent class
of these rows.

PARAMETER SELECTION

The best choice of k depends upon the data, generally larger values of k
reduces effect of the noise on the classification, but make boundaries between
classes less distinct. A very low value of k such as k=1, k=2 can be noisy and
lead to the effect of outliers in the model A good k can be selected by various
heuristic techniques.
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MINKOWSKI DISTANCE

Minkowski distance is a distance/similarity measurement between two points
in the normed vector space. It is a generalization of the Euclidean and

Manhattan distances.

X=(X1, X2 ... X,) and Y=(y; Y, .....,yn) be the two points then minkowski
distance is defined as,

D(X,y)=2i=1 (|xi—y; [P )Y
BENEFITS OF USING KNN ALGORITHM

» It is very simple algorithm to understand and interpret
» It is very useful for nonlinear data because there is no assumption about
data in this algorithm

« It is versatile algorithm as we can use it for classification as well as
regression

« |t has relatively high accuracy
» |t is robust to the noisy training data and it can be more effective if the

training data is large.

GENERATING KNN CLASSIFIER MODEL
Import the KNeighborsClassifier module from Sklearn Neighbors library and
create KNN classifier object by passing argument number of neighbors in
KNeignborsClassifier () function. Then, fit model on the train set using fit ()
and perform prediction on the test set using predict ().

E. TEXT TO SPEECH

The output of the classification step is the class which the image belongs to,
which is in the text format. The text is converted to speech using the Gitts
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(Google-text-to-speech) python library. Gtts supports many languages and
sounds very natural. The speech can be delivered in any one of the two
available audio speeds, fast or slow. However it is not possible to change the
voice of the generated audio.

4.2.2 SPEECH TO IMAGE CONVERSION

» The speech is given as input through microphone.
> The speech is converted to Text using the Google API.

» The sign images are displayed for each character in the text.

4.2.2.1 GOOGLE API

» Google Speech-to-text is used to convert audio to text by applying powerful
Neural Network models in an easy- to-use API. It can process real-time
streaming or prerecorded audio, using Google’s machine learning
technology. The API recognizes more than 120 languages and variants to
support global user base. It can be used to enable voice command-and-
control, transcribe audio from call centres and more.

» Speech-to-Text can stream text results, immediately returning text as it’s
recognized from streaming audio. It’s capable of analysing short-form and
long-form audio. It works well with real-life speech and can accurately
transcribe proper nouns and appropriate format language.

» Speech-to-Text comes with multiple pre-built enhanced machine learning
models such as command and search, phone call, video so that we can
optimize speech recognition for our use cases. Google has trained these
speech recognition models for specific audio types and sources. Video
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model is used for transcribing audio in audio clips, phone call method can
be used for transcribing audio from a phone call, ASR Command and
search can be used for transcribing shorter audio clips and ASR Default
model can be used if your audio does not fit one of the previously described
models.

It has features such as speech adaptation, global vocabulary, real-time
streaming or pre-recorded audio support, auto — detect language,
inappropriate content filtering, automatic punctuation, model selection,
speaker diarization, multichannel recognition. It provides Automatic speech
recognition (ASR) powered by deep learning neural networking and it can
handle noisy audio from many environments without requiring additional

noise cancellation.

Speech-to-text has three main methods to perform speech recognition they
are Synchronous recognition, Asynchronous recognition, streaming
recognition. The system uses the streaming recognition method, Streaming
Recognition (GRPC) performs recognition on audio data provided within a
GRPC bi-directional stream. Streaming requests are designed for real-time
recognition purposes, such as capturing live audio from a microphone.

4.2.2.2 SPEECH RECOGNITION

The speech recognition process is divided into different components such as:
A. Speech
The block represents the acoustic environment plus the transduction

equipment (microphone, preamplifier and AD-converter) can have a strong

effect on the generated speech recognition.
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B. Signal preprocessing

Signal pre-processing is the process of modifying the audio for the purpose
of analysis or enhancement. It can be used for deriving acoustic
representations that are good at separating classes of speech sounds and
effective at suppressing irrelevant sources of variation.

C. Feature extraction

It involves extracting speech specific features of the pre-processed signal.
This can be done with a variety of techniques like cepstrum analysis and the
spectrogram. The MFCC (Mel Frequency Cepstral Coefficient) is the
standard method for feature extraction in speech recognition. The steps
involved in MFCC are pre-emphasis, Framing, Windowing, FFT, Mel filter
bank, computing DCT. The most commonly used acoustic features are Mel-
Scale Frequency Cepstral coefficients.

D. Speech classification
The commonly used techniques for speech classification include:

(i).Dynamic Time Warping (DTW)

This technique compares words with reference words. Every reference word
has a set of spectra; but there is no distinction between separate sounds in the
word. Because a word can be pronounced at different speeds, a time
normalization will be necessary. Dynamic Time Warping is a programming
technique where the time dimension of the unknown word is changed until

there is a similarity with a reference word.
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(if).Hidden Markov Modelling (HMM)

This is the most successful and most used pattern recognition method for
speech recognition. It's a mathematical model derived from a Markov Model.
Speech recognition uses a slightly adapted Markov Model. Speech is split into
the smallest audible entities (not only vowels and consonants but also
conjugated sound. All these entities are represented as states in the Markov
Model. According to transition probabilities there exist a transition from one
state to another. A state can also have a transition to its own if the sound
repeats itself. Markov Models seems to perform quite well in noisy
environments because every sound entity is treated separately. If a sound
entity is lost in the noise, the model might be able to guess that entity based

on the probability of going from one sound entity to another.

(ii1).Neural Networks (NN)

Neural networks have many similarities with Markov models. Both are
statistical models which are represented as graphs. Where Markov models use
probabilities for state transitions, neural networks use connection strengths
and functions. A key difference is that neural networks are fundamentally
parallel while Markov chains are serial. This means that both techniques are
very powerful in a different context. As in the neural network, the challenge is
to set the appropriate weights of the connection, the Markov model challenge
is finding the appropriate transition and observation probabilities. In many
speech recognition systems, both techniques are implemented together and
work in a symbiotic relationship. Neural networks perform very well at
learning phoneme probability from highly parallel audio input, while Markov
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models can use the phoneme observation probabilities that neural networks
provide to produce the likeliest phoneme sequence or word.

4.3 UML DIAGRAM

The Unified Modelling Language is a standard visual modelling language
intended to be used for modelling business and similar processes, analysis,
design and implementation of software-based system. It is a common
language for business analysts, software architects and developers used to
describe, specify, design and document existing or new business processes,
structure and behavior of artifacts of software system. UML is a standard
modelling language, not a software development process. It provides
guidance as to the order of a team’s activities, specific what artifacts should
be developed, directs the task of individual developers and the team as a
whole and offers criteria for monitoring and measuring a project’s product

and activities.

4.3.1 USECASE DIAGRAM

A use case diagram is a representation of a user’s interaction with the system
that shows the relationship between and the different use cases in which the
user is involved. A use case diagram can identify the different types of users
of a system and the different use cases. A use-case diagram can help provide a
higher-level view of the system and used as a good communication tool for
stakeholders. The use cases are represented by either circles or ellipses. The
diagram captures the core functionalities of the system and visualize the

interactions.
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Figure 4.2 SIGN TO VOICE USE CASE DIAGRAM
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Figure 4.3 VOICE TO SIGN USE CASE DIAGRAM

4.3.2 SEQUENCE DIAGARM

A Sequence diagram is an interaction diagram that shows how processes
operate with one another and in what order. It is a construct of a Message
Sequence Chart. A sequence diagram shows object interactions arranges in
time sequence. It depicts the object and classes involved in the scenario and
the sequence of messages exchanged between the object needed to carry out
the functionality of the scenario. Sequence diagram are typically associates
with use case realization in the Logical View of the system under
development. Sequence diagrams are sometimes called event diagram or
events scenarios. Sequence diagrams are time focus and they show the order
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of the interaction visually by using the vertical axis of the diagram to

represent time. This allow the specification of simple runtime scenarios in a

graphical manner shown in fig
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Figure 4.5 VOICE TO SIGN SEQUENCE DIAGRAM

4.3.3 COLLABORATION DIAGRAM

A Communication diagram models the interaction between objects or parts in

terms of sequenced system. Communication diagram represent a combination
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of information taken from Class, Sequence and Use case diagrams describing
both the static structure and dynamic behavior of a system. It use the free-
form arrangement of object and links as used in Object diagrams. It show a lot
of the same information as sequence diagrams, but because of how the
information is presented, some of it is easier to find in one diagram than the
other. Communication diagrams show which elements each one interacts with
better, but sequence diagrams show the order in which the interactions take
place more clearly and shown in Fig

USER SOFTWARE
1: RUN
2: IMAGE CAPTURE
3: FEATURE EXTRACTION
4: FEATURE MATCHING
5: GESTURE CLASSIFICATION
Figure 4.6 SIGN TO VOICE COLLABORATION DIAGRAM
1: RUN
SOFTWARE
USER

2: AUDIO INPUT
3:AUDIO TO TEXT
4:IMAGES

Figure 4.7 VOICE TO SIGN COLLABORATION DIAGRAM
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4.3.4 ACTIVITY DIAGRAM

Activity diagrams are graphical representations of workflows of stepwise
activities and actions with support for choice, iteration and concurrency. In
the unified Modelling Language, activity diagrams are intended to model
both computational and organizational processes (i.e. workflows). It shows
the overall flow of control. It may be regarded as a form of flowchart.
Typical flowchart techniques lack constructs for expressing concurrency.

Activity diagrams are constructed from a number of shapes:

 Ellipses represent actions

« Diamond represent decisions

» Bars represent the a start or end of concurrent activities

» Black circle represent the start of the flow

» Encircled black circle represents the end

» Arrows run from the start towards the end and represent the order in which
activities
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Figure 4.8 SIGN TO VOICE ACTIVITY DIAGRAM
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Figure 4.9 VOICE TO SIGN ACTIVITY DIAGRAM

4.4 SUMMARY

This chapter deals with system design in detail. The various UML diagrams
gives a list of what take place in project.
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CHAPTER S5

IMPLEMENTAT

5.1 GENERAL

ION AND RESULT

Implementation is the most crucial stage in achieving a successful system
and giving the user confidence that the new system is workable and
effective. Implementation is the stage of the project when the theoretical
design is turned out into a working system.

5.2 IMPLEMENTATION
5.2.1SIGN TO VOICE
Thus the figure 5.1 shows the initial

process of capturing the images of the

sign languages and storing it in the respective alphabet folder.

 Spyder (Python 3.7) = o X
File Edit Search Source Run Debug Consoles Projects Tools View Help

Bk E0 pOPEDPG M= R R £ P & D [cusesketu Ve
Editor - C:\U 8 X Help a8 x
3 mainlpy feature_extraction.py meracapture.py B main. py £ Source |Console v | Object| v & &%

13 height = 200 ~

16 cap = cv2.VideoCapture(@)

7 Here you can get help of any object by pressing Ctrl+]

1 EEBE S M S e e B |

18 ret = cap.set(3,640)

19 ret = cap.set(4,480)

[ Console 1/a [ & %

21 for i in range(@,1000): Python 3.7.4 (default, Aug 9 2019, 18:34:13) [MSC v.1915 64 bit (AMDG4)] A

22 Type "copyright”, "credits” or "license” for more information.

23 ret, frame = cap.read()

24 IPython 7.8.@ -- An enhanced Interactive Python.

25 frame = cv2.flip(frame, 3) In [1]:

26 frame = cv2.resize(frame, (640,480))

2 cv2.rectangle(frame, (x@,y@),(x@+width,y@+height),(8,255,8),1)

cv2.imshow( ' frame',frame)

29 roi = frame[y@:y@+height, x0:x@+width]

31

3 gray = cv2.cvtColor(frame, cv2.COLOR_BGR2GRAY)

cv2.imwrite('wl/ +str(i)+'.jpg’,roi)
if cv2.waitKey(1) & @xFF == ord('g’):

1€ break
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43 cap.release() v

44 cv2.destroyAl1lWindows () ol meTTTy V]

Permissions: RW End-of-lines: CRLF Encoding: UTF-8 Line: 43 Column: 1 Memory: 63 %
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Figure 5.1 Process of Capturing Image

The figure 5.2 shows the implementation of feature extraction process. The
Images
in the dataset is given as input to the feature extraction algorithm

@ Spyder (Python 3.7) - a x

File Edit Search Source Run Debug Consoles Projects Tools View Help

Os E%=Eo » B B wp G M e E= =MW EH BX & & 9 [csesteetu -

Editor - C:\sers\Keethu\Desktop\experiment|feature_extraction.py 8 X Hep & x
(3 tackgesture.py mainL.py feature_extracton.py B cameracapture.py main.py & Source Console | Object & o
filenames3 = [img for img in glob.glob(“wl )1

Filenames3:
ead(img)
vtColor(n,cv2.COLOR_BGR2HSV)
in ange(mme ted, lower,upper)
1enp-ones((3,3), np.uints)

skinMask=cv2.dilate(skinMask, kernel, ite"atlons_a)
skinMask=cv2.GaussianBlur (skin’
skin=cv2.bitwise_an

greycomatrix(Grayl, (5], [u True)
greycoprops(result, 'c
ty = grey ccprcps{rtsu‘t ity')
correlation = greycoprops(result, ion') e
homogeneity = greycoprops(result, geneity') Vailbie exploner S EA=sapiuets|  Hep
ASM = greycoprops(result, 'ASH') i &%
rgy = Breycoprops(result, ‘energy’) —
plit(ski 3 Consoe yA B |
Python 3.7.4 (default, Aug 9 2019, 18:34:13) [MSC v.1915 64 bit (AMDE4)] 2
Type "copyright™, “credits” or “license" for more information.
IPython 7.8.6 -- An enhanced Interactive Python.
In [1]:
, 3)
images3. append(al7
ww = np.array(images3)
m= = np. concatenate( (i1, 11, vv,w), axis=).astype(tione)
np.save( ext Jmm) v
Ron ng) ar,ay(m) - = e - .
train.X t = train test solit(nn) v Python console History log
Permissions: RW ___ End-of-lines: CRLF __Encoding: UTF-8 Line: 198 Column: 1 Memory: 73 %

Figure 5.2 Feature Extraction Process

The figure 5.3 shows the implementation of the main program where the
input image is captured and given to the classifier through predict ()
function.
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@ Spyder (Python 3.7) - a x
File Edit Search Source Run Debug Consoles Projects Tools View Help

DEE%Ee pBBR G M E=cEnp B BX £F& €)ook BN
Editor - C: 8 X Hep & x
[ vadgestrepy ] manipy B featre_extraction.py cameracapture.py £ main.py [ @ Source Consdle v| Object| V& =

Here you can get help of any object by pressing Ctri+l
in front of it. either on the Editor or the Console

Help can also be shown automatically after writing a left
z o parenthesis next to an object. You can activate this
result = greycomatrix(Grayl,[5], [@], 256, symmetric=True, normed=True) Béheviorin Praferences > Help.

contrast = greycoprops(result, 'co

98 dissimilarity = greycoprops(result
correlation = greycoprops(result, 'c
homogeneity = greycoprops(result, *homoj
ASM = greycoprops(result, ‘ASH’

energy = greycoprops(result,
b,g,r = ev2.split(skin);

New to Spyder? Read our tutorial

bmean = list(cv2.mean(b))
1 < hesmant 8] Varisble explorer | Fie explorer | Help
gmean = list(cv2.mean(g)) IPython console & x
gml = gmean[e]
rmean = list(cv2.mean(r)) C3  Consce yA B3 | -
rml = rmean[@]

Python 3.7.4 (default, Au 9 2019, 18:34:13 MSC v.1915 64 bit (AMDE4 L
a = [contrast,dissimilarity,correlation,homogeneity,ASM,energy,bml,gml, rml] Y::E ,mpydgf‘t. .crediti. oo “Tiiense® fo_,_)mg'_e tnforastion ¢ 1
a1l = np.reshape(a, (1, 9)) ! )
testicenilencLi-pradictial) IPython 7.8.8 -- An enhanced Interactive Python.

import os In [13:

language = "en’ v
v| Pythonconsole  History log
Permissions: RW __ End-of-lines: LF ___ Encoding: ASCIT Line: 31 Column: 1 Memos

Figure 5.3 Main Program

Thus the figure 5.4 shows the implementation of the first module, where
the input image is captured and the class to which the input image belongs
to is displayed with the respective audio.

Variable explorer File explorer Help
IPython console

[ Console 1/A B
In [3]:

In [3]: runfile(’
Desktop/experiment
w detected

Traceback (most recent call last):

Users/Keethu/Desktop/experiment/mainl.py’, wdir="C:/Users/Ke

File ipython-input 3c42faact2a » line 1, in <module>
runfile('C:/Users/Keethu/Desktop/experiment/mainl.py’, wdir="C:/Users/Keethu
Desktop/experiment")

File et i1 .
DY tomize ,» line 827, in runfile
execfile(filename, namespace)

Figure 5.4 Module 1 Output
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5.2.2VOICE TO SIGN

The figure 5.5 shows the process of capturing the audio, followed by
preprocessing and giving the processed audio as input to the Google API.

® sp; on 3.7) o x

Figure 5.5 Recording Audio and Requesting Google API
The figure 5.6 shows the implementation of the second module, where the
audio is displayed in the text format and sign images are displayed.

IPython conscle u
C32 Console /A B3 -~
Say something ~
you said hello hellc hello hello hello hello hello hello
o
200 -
N >
400 m e P Ry T S ey N S ¢ e, PV P ~
~ |
Permissions: RW End-of-lines: LF Encoding: ASCIX Line: 72 Column: 1 Memory: 76 %
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Figure 5.6 Module 2 Output

5.3 RESULTS

The sign images are classified using the KNN classification algorithm
based on the feature extracted from the image using GLCM feature
extraction algorithm and the audio is generated for the respective class. In
the other direction, the audio is converted to text using the Google API and
the sign images are displayed.

5.4 SUMMARY

In this section the step by step implementation of the project is illustrated.
The screenshots shown the intermediate results generated by each module.
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CHAPTER 6
CONCLUSION AND FUTURE ENHANCEMENT
6.1 CONCLUSION

The major goal of the project is to convert the hand gesture language into
audio format and audio to hand gesture for developing an easy interaction
between a normal person and a disables person. The main function of the
project is implemented by recognizing the sign language of a disabled
person through KNN classification algorithm. The main features of the
system are high usability, easy communication, high stability, time saving.
This project would be widely used by Government sectors, Banking,
Teaching, public welfare etc.

6.2 FUTURE ENHANCEMENT

The system can be extended to incorporate the knowledge of facial
expressions and body language. A mobile and web Based version of the
application will increase the reach to move people.

6.3 SUMMARY

The chapter gives an overview of the conclusion of the system and the
future works that will make the system a better one.
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