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Abstract - This research paper revolves around
the evolution and the present scenario of
Automatic Speech Recognition systems using
Deep Neural Networks. It includes the designs,
techniques of training, the evaluations of the
model performance, and the emerging trends
that are specific to deep neural networks
embedded in automatic speech recognition
models. This research also incorporates the
challenges faced while building and deploying the
speech recognition model including limited data
availability and adaptability. We have examined
how deep neural networks have transformed
automatic speech recognition and this research
provides valuable insights to improve the speech
recognition technology across a number of
applications from healthcare to smart devices.
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. INTRODUCTION

A. Significance of the model

The Automatic Speech Recognition model plays a
vital role in converting spoken language into text.
This also enables the seamless interaction between
humans and machines. This has evolved the
communication system by empowering the devices
which are voice-controlled, translation the
languages, and accessibility tools for the hearing
impaired. ASR models have a large number of
applications including healthcare, entertainment,

education, enhancing productivity and customer
services.

B. Objectives of the research

The primary aim of the research in Automatic
Speech Recognition with Deep Neural Networks is
to improve the precision, effectiveness, and
reliability of the speech recognition models. The
creation of deep neural network structures helps to
accurately grasp complex speech patterns, contexts,
noise avoidance, and nuances. This allows the
speech recognition models to understand different
languages, accents and environmental factors with
higher accuracy. This boosts the performance of the
model through innovative neural network designs
and data augmentation approaches.

1. LITERATURE REVIEW

There have been a number of researches on
automatic speech recognition using deep neural
networks which have resulted in

significant advancements in communication and
human-machine interaction. A number of literature
reviews have been reviewed before conducting this
research on automatic speech recognition using
DNNs. We have reviewed the evolutions,
methodologies, challenges and, future directions in
this specific field. The history of ASR has shown a
significant shiftfrom rule-based models to statistical
models and adoption of the neural networks. Deep
Neural Networks have the ability to model complex
patterns that have emerged as of great significance
in ASR research. They can handle large datasets and
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their hierarchical representations.

The model accuracy also remains vital including the
word error rate and character error rate. An end-to-
end framework has been introduced for automatic
speech recognition, particularly recurrent neural
networks and attention mechanisms. The LAS
model also served as a source of inspiration for
speech recognition models. The revolution in natural
language processing and diverse fields also showed
great contributions to machine translations. The
ASR models have been enhanced with the help of
convolutional neural networks. The main objectives
also lie in presenting an ASR model that integrates
acoustic modelling and language modelling into a
single recurrent neural network architecture.

1. CHARACTERSTICS OF ASR

Automatic speech recognition models have three
main dimensions that can help to characterize them.
This involves dependence, vocabulary semantics and
speech continuity. The speech recognition models
can be speaker-dependent in which the system has to
be trainedfor every single speaker or can be speaker-
independent in  which the training database
contains a number of speech examples from
different speakers which helps the system to
recognize the new speaker. According to the speech
continuity, there are four types of systems.

Figure: Structure of ASR system
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This includes isolated word recognition systems,
connected word recognition systems, continuous
speech recognition systems, and word spotting
systems. The vocabularies are used to train the
models. These vocabularies can be small or large-
sized vocabularies. There are a number of errors that
can occur in the automatic speech recognition
models such as insertion errors which occur when
the system perceives noise as a speech unit,
substitution errors which occur when the recognizer
incorrectly identifies an utterance, deletion errors
that can occur when the model ignores an utterance.
The errors can be direct, intent, and indirect.

V. RESEARCH METHODOLOGIES

A mathematical model for a DNN-based Automatic
Speech Recognition system is crucial to demonstrate
the working of the model. ASR systems consist of
three components - an acoustic model, a language
model, and a decoding algorithm. Here, we have
illustrated the mathematical model incorporating all
the steps necessary for the working of the machine
learning model.

A D =l (W b2 (1) + b (D)
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Let X,

be the input speech signal, where x; is the feature
vector at time t.

B. Feature Extraction:

Extract the features from the raw signal,e.g., using
Mel-Frequency Cepstral Coefficients.
Let be the feature sequence.
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C. Neural Network Architecture:

Define a deep neural network with Llayers. Let, ™ /

o /

B84

Recogniion Rata

W% and BY & / -
represent the weights and biases of layer I, o / " /
respectively. " / N

80
(]

Numbar of zamplos

The output of layer | is given by

where g is the activation function.

{(X(l),‘r(l ’),(X‘z),Ym),...,(X"“’,Y““’)}

D. Input Layer:

The feature sequence is taken as theinput layer
F(X) s its iInput. [IOVb)=1/m) Cm)(=D) CEG=D) 61" (og(y,")]

E. Output Layer:

The output layer produces posteriorprobabilities for
each phoneme or subword unit.
If there are N units, the output is

G. Inference:

Given a new input sequence X, the ASR system
predicts the sequence of units using the trained
where y; is the probability of unit i. neural network.

H. Decoding:
F. Training: A decoding algorithm is used to map the sequence of

Define a training dataset predicted units to the final recognized text.

Minimize the cross-entropy loss function:

where y @ is the predicted probability. j

Y = {."l’."bm’y.\'}
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V. APPLICATIONS OF ASR

A. Voice assistants:

The assistants use automatic speech recognition
technology to translate spoken language into text.
This helps to interact with the machines with the
voice commands. The deep neural network here
helps to improve voice recognition accuracy and
understanding of the natural networks. They produce
realistic speech using the DNN networks which
enhances the user experience.

Natural Language Processing Knowledge Base

Figure: Working of voice assistants

B. Call centres:

Automatic speech recognition is also used in call
centres to improve customer service and the
efficiency of the operation. It makes the
transcription of conversations between the
customers and the agents automatic facilitating the
real-time services.

C. Language translations:

ASR model converts the spoken language into text
and deep neural network architectures improve this
text for translation. Machine translation models are
used to translate the speech into different languages.
The synergy between ASR and DNNs helps to
translate in real time.

D. Security and Authentication:

Speech recognition and deep neural networks play a
vital role in voice-based authentication. ASR
verifies the user's spoken language and DNN
verifies the voice patterns for the biometric
authentication. This combination helps to verify the
user in applications, for example, phone locks,
home-control systems, and voice assistants.
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VI. CHALLENGES FACED

A. Data scarcity:

The data that is available for automatic speech
recognition model is limited which creates a
problem as it lacks the training data and the
diversity. This affects the precision of the system
in accurately converting the speech to the text which
includes different accents, languages, and speaking
styles which ultimately declines the performance of
the speech recognition models.

B. Robustness to noise:

In speech processing, robustness to the noise means
the system is capable of sustaining the performance
with accuracy instead of the presence of background
noises or disturbances. This incorporates the
methods that can be utilized such as noise reduction
and resilient extraction of features to improve the
precision and accuracy of speech recognition in
noisy settings.

C. Model complexity:

The size and complexity of the neural network
architecture networks result in the complexity and
advancements in model designing and deployment.
The more complex the model, the more it includes a
number of parameters and detailed aspects of the
model. They may require larger amounts of data and
computational resources.

D. Scalability:

Expanding the automatic speech recognition
systems using deep neural networks may face some
hurdles when it is applied across hardware and
managing increased data sizes. Problems may
include the optimization requirements, distributed
computing resources, and maintaining real-time
efficiency.

VII. RESULTS OF THE RESEARCH

The research in the field of automatic speech
recognition has shown significant advancements in
the accuracy and robustness of the DNN-based ASR
model. The DNN-based ASR model has resulted in
word error rate and character rate which made it
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outperform the traditional systems. It has also shown
robustness to various background noises and other
environmental factors.

Figure 7.1 The STT demonstration

The deep neural network architectures have been
optimized. They can handle large datasets and
complex tasks which improves the scalability of the
system. The enhancements have also been made in
the DNN architectures and methodologies. DNN-
based ASR models have seen a number of
applications in the industry such as healthcare,
education, and smart devices.

Although a number of improvements have been
made, still achieving robustness to all types of noise
and environmental factors is an ongoing focus area.
The advancements are still ongoing for supporting
multilingual language models. Therefore, the
research outcomes in automatic speech recognition
models have shown remarkable progress in practical
deployment, robustness, and improved accuracy.

VIII. FUTURE DIRECTIONS

There is still a lot to explore in the field of automatic
speech recognition using deep neural networks. Data
augmentation is very important in scenarios of low-
resource ASR where there is a limited data set for
training the model. Techniques like adding noise,
altering the speed, or generating synthetic data are
very helpful for the ASR models.

Furthermore, robustness and noise handling is very
important. Robust ASR models can transcribe
speech even in noisy environments with accuracy.

© 2023, [JSREM | www.ijsrem.com

Noise reduction techniques and acoustic modelling
help to develop more reliable models. As we get
deeper into the work of neural networks, it will help
to improve the customization and personalization of
the ASR.

IX. CONCLUSION

To conclude, this research paper has provided an
overall exploration of deep neural network-based
automatic speech recognition systems. It mentions
the shift of technologies from the traditional ASR
methodologies to the vital role played by the DNN-
based automatic speech recognition model. This has
revolutionized the field of speech recognition.
Dissection of the architectural paradigms of the
speech recognition model and the training strategies
have shown remarkable improvements in the
accuracy and versatility of the ASR model. This
research also has a number of challenges including
scarcity of data, noise resilience, and speaker
variability. The ASR continues to evolve making the
future of ASR systems promising. It not only
includes the present state of the field but also the
progressand future innovations.
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