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Abstract— All people who are suffering from hearing 

impairment have a great difficult in understanding all types of 

verbal communication. They can neither hear the words spoken 

nor speak their opinion. Many younger students fall into this 

category and they can not perceive their education in a normal 

school and they have a specialized school for that purpose. 

Apart from schooling, they need to have some kind of 

entertainment and other activities like other kids and students. 

Apart from getting education from specialized schools and 

tuition centers or online courses, they also might have a keen 

interest in interacting with their outer world where they might 

not expect everyone to know the gestures they perform. The 

other people whom they need to talk might or might not 

understand the context they are trying to convey. Also they 

always needn’t be surrounded people of their kind or people 

they know. The people who are naturally deaf and dumb should 

not have a complexity of being inferior. They need to behave 

and e treated as normal people with all respect and zero 

ignorance. Thus, the paper aims in breaking this gap and 

overcoming all those disadvantages faced by the people with 

hearing and speaking impairment.  

This paper idea was developed to bridge the huge gap between 

the hearing disabled people and normal people they interact 

with in their life. The idea helps in capturing an image or video 

of the gestures performed by any person, so that the disabled 

person can capture his/her gesture in the camera provided and 

then the developed model would output a text telling what the 

gesture means, so that the other person would easily understand 

the context of the disabled person and would react to them as 

they do to other normal people. The normal person can also 

perform some known gestures that can be recognized if they 

want to reply the person who could not hear. 

 

Keywords—Hand Gesture Recognition, Convolutional Neural 

Networks, Hearing Impairment, Pooling, Communication 

I. INTRODUCTION 

Hearing impairment is the inability to hear partially or 
completely whereas a person who is deaf cannot hear. 

Impairment can occur in either one or both the ears. It can be 

permanent or temporary [1]. There are three types of 

impairments- Conductive, Sensorineural and Mixed. It can 

be caused due to infection in the ear, abnormal growth or 

tumor, damage in the inner ear, ruptured eardrum due to 

tympanic membrane perforation, gradual building of earwax 
[2]. 

The symptoms include – difficulty in understanding 

words, muffling of sounds, wanting more volume, avoidance 

of social settings, having a trouble while hearing consonants 

[2]. 

 

 

Hearing impairment can have a severe impact in the lives of 

people who are affected by it. It might reduce the educational 

or job opportunities due to lack of proper communication.  

Due to reduced access to services and difficulty in 

communication, it would cause social withdrawal. It might 

cause emotional problems such as draw back in confidence and 

self esteem [3]. 

II. LITERATURE SURVEY 

A. Convolutional Neural Network 

Convolutional neural network (truncated as ConvNet or 
CNN) is a class of feed-forward artificial and deep neural 

networks that are most commonly applied to analyzing visual 

imagery. CNNs uses a variation of multilayer perceptrons that 

are designed in order to require minimal preprocessing. They 

are also known as SIANN (i.e., space invariant artificial neural 
networks) or shift invariant, based on their shared-weights 

architecture and translation invariance characteristics. 

 The Convolutional networks were naturally inspired by 

biological processes as the connectivity pattern between 

neurons resembles the pattern of the organization of the animal 

visual cortex. The individual cortical neurons respond to 

stimuli only within a restricted region of the visual field known 

as the receptive field. The receptive fields of different neurons 

partially overlap so as to cover the entire visual field. 

  CNN uses relatively little pre-processing compared to other 

image classification algorithms such as to make the network 

learn the filters that were hand-engineered in traditional 

algorithms. This independence from human effort and prior 

knowledge n feature design is a major advantage.  

  They have various applications in image and video 

recognition, image classification, medical image analysis, 

natural language processing and recommender systems. 

   A CNN consists of an input and output layer, as well as 

multiple hidden layers. The hidden layers of a CNN usually 

consists of convolutional layers, pooling layers, fully connected 

layers and normalization layers. The description of the process 

as a convolution in neural networks is by convention. 

Mathematically, it is actually a cross-correlation rather than a 

convolution (even though cross-correlation is a related 

operation). This has significance only for the indices that are  
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present in the matrix, and thus which weights are placed at 

which index [4]. 

1) Pooling: Convolutional networks might include local 

or global pooling layers, which combines the outputs 

of neuron clusters at each layer to form a single 

neuron at the next layer. For example, max pooling 

makes use of the maximum value from each cluster 

of neurons at the prior layer whereas average pooling 

makes use of  the average value from each cluster of 

neurons at the prior layer. 

2) Fully Connected Network: Fully connected layers 

usually connect every neuron in one layer with every 

neuron in the other layer. It uses same principle as 

the traditional multi-layer perceptron neural network 

(MLP). 

3) Receptive Field:  In neural networks, each neuron 

gets input from some number of locations in the 

previous layer. In a fully connected layer, each 

neuron receives input from each and every element of 

the previous layer. In a convolutional layer, neurons 

receives input from only a specific subarea of the 

previous layer. Typically the subarea is a square-

shaped area  (e.g.,size 5 by 5). The receptive field is 

its input area. So, in a fully connected layer, the 

receptive field will the entire previous layer. In a 

convolutional layer, the receptive area is usually 

smaller than the entire previous layer [4]. 

4) Weights: Each neuron in a neural network computes 

the output value by applying some function to the 

input values that comes from the receptive field in 

the previous layer. The function that is applied to the 

input values is specified using a vector of weights 

and a bias (typically real numbers). Learning in a 

neural network begins by making incremental 

adjustments to the weights and biases. The vector of 

weights and the bias are named a filter and they 

represent some feature of the input (e.g., a particular 

shape). An one of a kind component of CNNs is that 

few neurons share a similar channel. Memory 

footprint is reduced because a single bias and a single 

vector of weights is used across all receptive fields 

that shares that filter, rather than each receptive field 

having its own vector of weights and bias [4].  

 

5) Regularization: Regularization is a technique that 

slightly modifies the learning algorithm such that the 

model generalizes better. This in turn improves the 

model’s performance over the unseen data. 

 

Fig.1 Fitting 

 

 

 

As we move towards the right of the image, the model tries 

to learn well the details and the noise from the training data, 

which ultimately reduces performance on the unseen data. In 

other words, while moving towards the right, the complexity of 

the model increases such that the training error reduces whereas 

the testing error doesn’t [6].  

Fig.2 Training error VS. Testing Error 

The neural networks are more prone to overfitting. 

 

Fig.3 Overfitting 

Let us consider a neural network which is overfitting on the 

training data  

 

Fig.4 Over-fitting 
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In machine learning, regularization penalizes the 

coefficients. In deep learning, it actually penalizes the weight 

matrices of nodes. Assume that  regularization coefficient is 

so high that some of the weight matrices are nearly equal to 

zero. 

 

Fig.5 Under-fitting 

This results in a much simpler linear network and slight 

underfitting of the training data. Such  large value for the 

regularization coefficient is not that useful. We need to 

optimize the value of regularization coefficient in order to 

obtain a well-fitted model [6]. 

 

Fig.6 Appropriate fitting 

B. VGG Pre-trained Model 

VGG is a convolutional neural network model which was 

proposed by A. Zisserman and K.Simonyan from the 

University of Oxford in the paper named―Very Deep 

Convolutional Networks for Large-Scale Image Recognition‖ 

. In ImageNet,  this model achieved 92.7% top-5 test accuracy 

which consists of a dataset of 14 million images which is part 

of about 1000 classes. VGG16 and the weights from the 

original Caffe model have been converted to TensorFlow [5]. 

 

 

Fig.7 VGG 16 

 

Fig.8 VGG16 Pre Trained Model 

 

C. ConvNet Classifier 

 Convolutional Neural Networks (CNN or ConvNet) are the 

complex feed forward neural networks. CNNs are generally 

used for image classification and recognition because of its 

high accuracy f results. It was proposed by the computer 

scientist called Yann LeCun in the late 90s, when he was 

inspired from the human visual perception of recognizing 

objects. The CNN follows a hierarchical model that works on 

building a network, such as a funnel, and finally outputs a 

fully-connected layer where all the neurons are connected to 

each other and the output is then processed. 

 

Fig.9 ConvNet Classifier 

  Convolutional layers do apply a convolution operation to 

the input and then passes the result to the next layer. The 

convolution imitates the reaction of an individual neuron to a 

visualstimuli. Each convolutional neuron processes the data 

only for its receptive field. Although fully connected feed 

forward neural networks can also be used to learn features as 

well as classify data, it is not practical to apply these 

architecture to images. Even a shallow architecture would 

need very high number of neurons, due to the very large input 

sizes associated with images, where each pixel is a relevant 

variable. For instance, a fully connected layer for an image of 

size of about 100 x 100  is a small image has about 10000 

weights for each neuron in the second layer. The convolution 

operation gives an answer for this issue by lessening the all out 

number of free parameters by enabling the network to be 

progressively more profound with less parameters. For 

instance, paying little mind to image size, we can tile areas of 

size 5 x 5, each with the equivalent shared weights, which 

would require just 25 learnable parameters. This purposes the 

exploring gradient issue and furthermore diminishes 

disappearing in preparing traditional multi-layer neural 

systems with numerous layers by utilizing backpropagation. 

[4]. 
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D.  Tensorflow 

 TensorFlow is a framework that was created by Google 

for creating Deep Learning models. Deep Learning is a 

category of machine learning models /algorithms that uses 

multi-layer neural networks. Machine Learning has enabled 

us to build complex applications with a great accuracy. 

Whether it has to do with images, videos, text or even audio, 

Machine Learning can solve any problem from a wide range. 

Tensorflow can be used to achieve all these applications [4]. 

 

III.  METHODOLGY 

 

The aim  of this paper is: 

 

1) To design and develop a system that lowers the 

communication gap between speech-hearing 

impaired and normal world.  

 

2) To build a communication system that guides 

communications between deaf-dumb person and a 

normal person.  

 

3) The main approach for analyzing and classifying the 

hand gestures for HCI include Vision based 

techniques and Glove based techniques . The 

proposed system consists of mainly four processes - 

Image aquisition, Image preprocessing, Feature 

extraction and Image classification.  

 

 
 

Fig.10 Methodology 

 

A. Image Acquisition 

 

     Image acquisition is the process of capturing the hand 

gesture images which represents different signs. The 

resolution of  various image capturing devices may not be 

different. The captured images are of different resolution. In 

order to have accurate comparison of the features and to 

reduce the computational effort required for processing, all 

the images should be scaled to an uniform size. Thus the 

images needed for training and testing are captured in a 

white background with a web camera and recorded in the 

database created. The system works for hand gesture 

recognition i.e. we give test image as input to the system and 

system tells us which sign is recognized [5]. 

 

B. Preprocessing 

 

A Preprocessing is very neccessary task that needs to be 

performed in hand gesture recognition system. Preprocessing 

is applied to images before we extract features from hand 

images. The main goal of image segmentation is the domain 

independent partitioning of an image to a set of disjoint 

regions that are visually homogeneous, different, and 

meaningful with  

 

 

 

respect to some computed property or characteristics such as 

grey level, colour or  texture to enable easy image analysis. 

 

Used in many places including industry, health care, 

astronomy, and various other fields. Segmentation in concept is 

a simple idea. For example, by simply looking at an image, one 

can tell what regions are present in the picture. is it a building, a 

person, a tree, or just simply background It is visually very easy 

to determine what a region of interest is and what is not. By 

doing so with a computer algorithm on the other hand is not  

easy. The image segmentation results are set of regions that 

cover the entire image together and thus a set of contours 

extracted from the image. All of the pixels in a region have 

similar  characteristics such as color, intensity, or texture. 

Adjacent regions are comparatively different with respect to the 

same individuality. Segmentation is the classification of the 

input colored image into skin pixel and non-skin pixels based 

on the skin color information. 

 

 There are many applications that requires the segmentation 

process as a preprocessing operation such as computer vision, 

face or hand detection and recognition, medical image analysis, 

and pattern recognition. Color information is one of the 

simplest cues used for detecting the skin color, the decision to  

use proper color space to represent color information of an 

image is a crucial. The selection of appropriate segmentation 

method depends on the application and other system 

environments. The performance of segmentation algorithms is 

quantified using some benchmarking strategies such as recall 

and precision coefficients, or also by calculating the percentage 

of true and false detection rates according to the complexion of 

the technique used. 

 

C. Feature Extraction 

 

A good segmentation process leads to perfect features 

extraction process and the plays an important role in a 

successful recognition process. There are many interesting 

things on every object that can be extracted in order to provide 

a "feature" description about the object. Features vector of the 

segmented image can be extracted by number of ways 

according to particular application. The performance of 

different feature detectors will be significantly different from 

each under different scene conditions such as the nature of the 

background, illumination and existence of other objects 

(occlusion) must be considered in order to determine the kind 

of features that can be efficiently and reliably detected. Feature 

extraction is a methodology data dimensionality is reduced by 

encoding related information within a compressed 

representation and also by removing less discriminative data. 

Feature extraction is a necessary phenomenon to determine 

gesture recognition performance. The selection of features to 

deal with and the extraction method are probably the most 

significant design decisions for both hand motion as well as 

hand  gesture recognition development.  

 

D. Classification 

 

Classification between the objects is an easy task for  
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humans but it is complex for machines. The raise of high- 

capacity computers, the increasing need for automatic video 

analysis and the availability of high quality and lowpriced 

video cameras has generated an interest in object 

classification algorithms. A simple classification system 

consists of a camera fixed high above the interested zone, 

where images can be captured and consequently processed. 

Classification process includes image sensors, image 

preprocessing, object detection, object segmentation, feature 

extraction and object classification. Classification system 

consists of a database that contains predefined patterns to be 

compared with detected object to classify in to proper 

category.  

 

Image classification is an important and challenging task 

in various application domains, including biomedical 

imaging, vehicle navigation, biometry, video surveillance, 

industrial visual inspection, robot navigation, and remote 

sensing. Image classification is actually the most important 

part in digital image analysis. Classification of remotely 

sensed data is being used to assign corresponding levels with 

respect to groups with homogeneous characteristics, with the 

goal of discriminating multiple objects from each other 

within the image. This level is called as class. Classification 

will be executed on the base of spectral or spectrally defined 

features, like density, texture etc. in the feature space [7].   

 

 
 

Fig.11 Different graphs generated in preprocessing stage 

 
Fig.12 3D CNN architecture that consists of five types of input data, 

three convolutional layer, two full connection layer and two 

subsampling layers 

 

 

IV. CONCLUSION 

 

      This paper describes about the various techniques to be 

utilized for hand gesture recognition. It describes various 

methodologies that should be used to effectively process the 

input hand gesture into suitable classifiers and processing units 

to effectively reveal the type of gesture made. This paper can 

be used to build up a model to recognize the hand gestures 

made in order to facilitate the communication between the 

hearing impaired person and a person with proper ability to 

hear. 

 

 
 

Fig.13 Expected outcome 
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