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Rapid industrial growth has increased the vulnerability of systems to malfunction
and permanent damage. Fault detection systems have been installed to prevent such
occurrences. In order to eliminate potential life-threatening dangers or unforeseen
obstacles that may jeopardize the manufacturing process, early fault detection has
become an essential aspect of modern industry. Because artificial intelligence has
become increasingly successful across numerous different domains, many researchers
have employed deep learning models to classify faults and are always trying to find
faster, more accurate ones. In this paper, we present a deep transfer learning archi-
tecture that consists of long short-term memory (LSTM) layers of Recurrent Neural
Network to extract features enhanced by gammatone like spectrogram. For the
dataset, we have used malfunctioning industrial machine investigation and inspec-
tion (MIMII) and ToyADMOS datasets. Our experimented results show that the
proposed model detect the different faults with precision. Also, our modified gam-
matone fast fourier method outperforms traditional gammatone accurate method
with consistent performance across all environments.

Deep Learning; Transfer Learning; Fault Detection; RNN; LSTM;
Gammatone Filter Bank
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This thesis is dedicated to all health-care personnel who are putting their lives on the
line for the sake of society, helping COVID patients and striving to find COVID-19
cures.
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GA �:���K�K���i�Q�M�2 ���+�+�m�`���i�2

GF �:���K�K���i�Q�M�2 �6���b�i

HO � scale �?���H�7�@�P �b�+���H�2

LSTM �G�Q�M�; �h�2�`�K �a�?�Q�`�i �J�2�K�Q�`�v

MIMII �J���H�7�m�M�+�i�B�Q�M�B�M�; �A�M�/�m�b�i�`�B���H �J���+�?�B�M�2 �A�M�p�2�b�i�B�;���i�B�Q�M ���M�/ �A�M�b�T�2�+�i�B�Q�M

ML �J���+�?�B�M�2 �G�2���`�M�B�M�;

N � scale �L�B�M�2�@�b�+���H�2

NOR �L�Q�`�K���H

RNN �_�2�+�m�`�`�2�M�i �L�2�m�`���H �L�2�i�r�Q�`�F

TL �h�`���M�b�7�2�` �G�2���`�M�B�M�;

�t



�*�?���T�i�2�` �R

�A�M�i�`�Q�/�m�+�i�B�Q�M

�R�X�R �P�p�2�`�p�B�2�r

�h�Q�/���v�ö�b �2�+�Q�M�Q�K�v �B�b �?�2���p�B�H�v �`�2�H�B���M�i �Q�M �i�?�2 �B�M�/�m�b�i�`�v �i�?�m�b �Q�M �i�?�2 �K���+�?�B�M�2�b�X �h�?�2
�;�`�Q�r�i�? �Q�7 �B�M�/�m�b�i�`�B�2�b �K���/�2 �K���+�?�B�M�2�b �+�Q�K�T�H�2�t�- �H���`�;�2�` ���M�/ �T�`�Q�M�2 �i�Q �b�v�b�i�2�K �p�m�H�M�2�`���@
�#�B�H�B�i�v �K�Q�`�2 �Q�7�i�2�M �i�?���M �#�2�7�Q�`�2�X ���b �� �`�2�b�m�H�i�- �� �b�B�;�M�B�}�+���M�i ���K�Q�m�M�i �Q�7 �i�B�K�2 ���M�/ �2�z�Q�`�i �?���b
�#�2�2�M �B�M�p�2�b�i�2�/ �B�M �7���m�H�i �/�2�i�2�+�i�B�Q�M �B�M �Q�`�/�2�` �i�Q �T�`�2�p�2�M�i �i�?�2 ���7�Q�`�2�K�2�M�i�B�Q�M�2�/ �Q�+�+�m�`�`�2�M�+�2�b
�7�`�Q�K �?���T�T�2�M�B�M�;�X �J�Q�b�i �Q�7 �i�?�2�b�2 �K�2�i�?�Q�/�b �r�Q�`�F �#�2�i�i�2�` ���M�/ ���`�2 �K�Q�`�2 ���T�T�`�Q�T�`�B���i�2 �B�M
�i�?�2�B�` �b�T�2�+�B�}�+ �2�M�p�B�`�Q�M�K�2�M�i �i�?���M �Q�i�?�2�`�b �(�R�N�)�X �"�m�i �i�?�2 �M�2�+�2�b�b�B�i�v �Q�7 �7���b�i�2�` ���M�/ ���+�+�m�`���i�2
�7���m�H�i �/�2�i�2�+�i�B�Q�M �K�2�i�?�Q�/�b �`�2�K���B�M�b �+�Q�M�b�i���M�i�X ���+�+�Q�`�/�B�M�; �i�Q �(�9�)�- �� �7���m�H�i �Q�+�+�m�`�b �r�?�2�M ��
�b�v�b�i�2�K �?���b ���i �H�2���b�i �Q�M�2 �/�B�z�2�`�2�M�i �7�2���i�m�`�2 �7�`�Q�K �i�?�2 �H�B�b�i �Q�7 ���+�+�2�T�i�2�/ �Q�M�2�b�X �6���m�H�i �/�2�@
�i�2�+�i�B�Q�M �K�2�i�?�Q�/�b ���H�H�Q�r �m�b �i�Q �F�M�Q�r �i�?�2 �+�m�`�`�2�M�i �b�B�i�m���i�B�Q�M �Q�7 �K���+�?�B�M�2�b�X �A�7 �i�?�2 �K�2�i�?�Q�/�b
���`�2 �b�H�Q�r�2�`�- �T�`�2�p�2�M�i���i�B�p�2 �K�2���b�m�`�2�b �+���M �M�Q�i �#�2 �B�K�T�H�2�K�2�M�i�2�/ �#�2�7�Q�`�2 �H�B�7�2�@�i�?�`�2���i�2�M�B�M�;
�Q�T�2�`���i�Q�` �B�M�D�m�`�v �Q�` �K���b�b�B�p�2 �T�`�Q�/�m�+�i�B�Q�M �7���B�H�m�`�2 �Q�+�+�m�`�X �P�M �i�?�2 �Q�i�?�2�` �?���M�/�- �B�M���+�+�m�`���i�2
�K�2�i�?�Q�/�b �K���v �`�2�b�m�H�i �B�M �m�M�M�2�+�2�b�b���`�v �K���M���;�2�K�2�M�i ���M�/ �2�+�Q�M�Q�K�B�+ �H�Q�b�b�X �P�p�2�` �i�?�2 �v�2���`�b�-
�K���M�v �K�2�i�?�Q�/�b �7�Q�` �B�/�2�M�i�B�7�v�B�M�; ���M�/ �/�B���;�M�Q�b�B�M�; �7���m�H�i�b �?���p�2 �#�2�2�M �B�M�p�2�M�i�2�/�X �a�Q�K�2 �Q�7
�i�?�2�b�2 �K�Q�/�2�H�b �r�2�`�2 �/���i���@�/�`�B�p�2�M�(�R�)�- �b�Q�K�2 �Q�7 �i�?�Q�b�2 �r�2�`�2 �#���b�2�/ �Q�M �K�Q�/�2�H�b�(�j�) �r�?�B�H�2 �Q�i�?�@
�2�`�b �r�2�`�2 �#���b�2�/ �Q�M �F�M�Q�r�H�2�/�;�2�(�d�)�X

�*�Q�M�p�2�M�i�B�Q�M���H�H�v�- �K���+�?�B�M�2 �H�2���`�M�B�M�; �r���b �m�b�2�/ �i�Q �+�H���b�b�B�7�v �7���m�H�i�b�X �"�m�i �i�?�2�b�2 �J�G�@�#���b�2�/
�K�Q�/�2�H�b �?���/ �K���M�v �H���+�F�B�M�;�b �b�m�+�? ���b �b�T�2�+�B�}�+ �+�Q�M�i�2�t�i�- �?�m�K���M �B�M�i�2�`���+�i�B�Q�M ���M�/ �b�Q �Q�M�X �h�?�2
�`�B�b�B�M�; �Q�7 �/�2�2�T �M�2�m�`���H �M�2�i�r�Q�`�F ���M�/ �i�`���M�b�7�2�` �H�2���`�M�B�M�; �K�Q�/�2�H�b �?���b �#�2�2�M �`�2�p�Q�H�m�i�B�Q�M���`�v
�i�Q �#���i�i�H�2 �i�?�2�b�2 �b�?�Q�`�i�+�Q�K�B�M�;�b�X �"�v �m�b�B�M�; �i�?�2 �K�m�H�i�B�@�H���v�2�`�2�/ ���`�+�?�B�i�2�+�i�m�`�2�- �.�L�L �K�Q�/�2�H�b
�+���M �H�2���`�M �K�m�H�i�B�T�H�2 �`�2�T�`�2�b�2�M�i���i�B�Q�M�b �Q�7 �i�?�2 �B�M�T�m�i �/���i�� �(�R�y�)�X �h�?�B�b �K�2���M�b �i�?���i �B�M�/�B�p�B�/�m���H
�H���v�2�`�b �+���M ���+�?�B�2�p�2 �b�B�;�M�B�}�+���M�i�H�v �#�2�i�i�2�` �`�2�T�`�2�b�2�M�i���i�B�Q�M �Q�7 �/���i�� �r�?�B�+�? �+���M �H�2���/ �i�Q �i�?�2
�2�t�i�`���+�i�B�Q�M �Q�7 �+�Q�K�T�H�2�t �7�2���i�m�`�2�b �(�R�9�)�X �P�m�` �+�?�Q�B�+�2 �Q�7 �K�Q�/�2�H �B�b �_�L�L�X �A�i �+���M �T�`�Q�+�2�b�b
�i�?�2 �B�M�T�m�i �Q�7 ���M�v �H�2�M�;�i�?�- �K�Q�/�2�H �b�B�x�2�b �?���p�2 �M�Q �2�z�2�+�i �Q�M �i�?�2 �B�M�T�m�i �b�B�x�2�- ���M�/ �B�i �+���M
�`�2�K�2�K�#�2�` �T�`�2�p�B�Q�m�b �K�2�K�Q�`�v�X �� �i�v�T�B�+���H �_�L�L �?���b �� �b�?�Q�`�i�@�i�2�`�K �K�2�K�Q�`�v�X �h�?�2�v �+���M
�?���p�2 �� �H�Q�M�;�@�i�2�`�K �K�2�K�Q�`�v �r�?�2�M �+�Q�K�#�B�M�2�/ �r�B�i�? ���M �G�a�h�J�X �q�2 �/�2�+�B�/�2�/ �i�Q �m�b�2 �i�`���M�b�7�2�`
�H�2���`�M�B�M�; �#�2�+���m�b�2 �i�`���B�M�B�M�; �/���i�� �7�Q�` �M�2�r �2�M�p�B�`�Q�M�K�2�M�i�b �+�Q�b�i�b �� �H�Q�i �Q�7 �2�t�i�`�� �i�B�K�2 �r�?�B�+�?
�?�B�M�/�2�`�b �Q�m�` �;�Q���H �i�Q �}�M�/ �7���b�i ���`�+�?�B�i�2�+�i�m�`�2�X �h�?���M�F�b �i�Q �i�?�2 �B�M�p�2�M�i�B�Q�M �Q�7 �h�G�- �r�2 ���`�2
���#�H�2 �i�Q �m�b�2 �T�`�2�p�B�Q�m�b�H�v �i�`���B�M�2�/ �K�Q�/�2�H �B�M �M�2�r �2�M�p�B�`�Q�M�K�2�M�i �r�?�B�+�? �/�`���b�i�B�+���H�H�v �`�2�/�m�+�2�b
�i�B�K�2 �i���F�2�M �i�Q �i�`���B�M �i�?�2 �M�2�r �K�Q�/�2�H�X ���H�b�Q�- �b�2�H�2�+�i�B�M�; �T�`�Q�T�2�` �/���i�� ���M�/ �b�B�;�M���H �T�`�Q�+�2�b�b�B�M�;
�?���b �#�2�2�M �+�`�m�+�B���H �i�Q �7���b�i�2�M �i�?�2 �Q�p�2�`���H�H �i���b�F�X �o���`�B�Q�m�b �/���i�� �T�`�2�T�`�Q�+�2�b�b�B�M�;�- �/���i�� �K�B�M�B�M�;
�K�2�i�?�Q�/�b ���`�2 �m�b�2�/ �B�M ���+�+�Q�`�/���M�+�2 �r�B�i�? �7���m�H�i �/�2�i�2�+�i�B�Q�M ���`�+�?�B�i�2�+�i�m�`�2�X �a�Q�K�2 �Q�7 �i�?�2�K

�R



�r�2�`�2 �/�2�K�Q�M�b�i�`���i�2�/ �B�M �(�R�8�)�X ���T�T�H�B�+���i�B�Q�M�b �#���b�2�/ �Q�M �i�?�2�b�2 �K�2�i�?�Q�/�b ���`�2 ���H�b�Q ���M���H�v�x�2�/
�B�M �(�R�k�)�X �A�M �i�?�2 �+���b�2 �Q�7 �b�B�;�M���H �T�`�Q�+�2�b�b�B�M�;�- �r�2 ���`�2 ���T�T�H�v�B�M�; �;���K�K���i�Q�M�2 �}�H�i�2�` �#���M�F�b
�i�Q �Q�m�` �+���i�2�;�Q�`�B�x�2�/ �/���i���X �A�i �B�b �[�m�B�i�2 �b�B�K�B�H���` �i�Q �i�?�2 �}�H�i�2�`�B�M�; �T�`�Q�+�2�b�b �Q�7 �K���K�K���H�b�X
�h�?�2 �`�2�H���i�B�Q�M �#�2�i�r�2�2�M �i�?�2 �Q�m�i�T�m�i �Q�7 �;���K�K���i�Q�M�2 �}�H�i�2�` �#���M�F ���M�/ �i�?�2 �T�2�`�+�2�T�i�B�Q�M �Q�7
�2���` �r���b �/�2�T�B�+�i�2�/ �B�M �(�8�)�X �A�M �i�?�2 �b�2���`�+�? �7�Q�` �� �K�Q�`�2 �T�`�Q�}�+�B�2�M�i �K�2�i�?�Q�/�- �r�2 ���`�2 �m�b�B�M�;
�� �7���b�i�2�` �i�2�+�?�M�B�[�m�2 �Q�7 �i�?�2 ���7�Q�`�2�K�2�M�i�B�Q�M�2�/ �b�B�;�M���H �T�`�Q�+�2�b�b�B�M�; �K�2�i�?�Q�/ ���M�/ �}�M�/ �Q�m�i �B�7
�i�?�2 �;���K�K���i�Q�M�2 �7���b�i �K�2�i�?�Q�/ �B�b �K�Q�`�2 ���+�+�m�`���i�2�- �7���b�i�2�` �i�?���M �i�?�2 �;���K�K���i�Q�M�2 ���+�+�m�`���i�2
�K�2�i�?�Q�/�X ���b �i�?�2 ���i�i�2�M�i�B�Q�M �i�Q �B�M�/�m�b�i�`�B���H �7���m�H�i �/�2�i�2�+�i�B�Q�M �B�M�+�`�2���b�2�/�- �K���M�v �Q�`�;���M�B�x���i�B�Q�M�b
���`�2 �K���F�B�M�; �/�B�z�2�`�2�M�i �F�B�M�/�b �Q�7 �7���m�H�i�v �/���i���b�2�i�b �7�Q�` �`�2�b�2���`�+�? �T�m�`�T�Q�b�2�b�X �6�Q�` �i�?�B�b �b�i�m�/�v�- �r�2
�?���p�2 �m�b�2�/ �K���H�7�m�M�+�i�B�Q�M�B�M�; �B�M�/�m�b�i�`�B���H �K���+�?�B�M�2 �B�M�p�2�b�i�B�;���i�B�Q�M ���M�/ �B�M�b�T�2�+�i�B�Q�M �U�J�A�J�A�A�V
���M�/ �h�Q�v���.�J�P�a �/���i���b�2�i�b ���M�/ �K���/�2 �K�m�H�i�B�T�H�2 �2�M�p�B�`�Q�M�K�2�M�i�b �Q�m�i �Q�7 �i�?�Q�b�2 �/���i���b�2�i�b�X
�h�?�B�b �b�i�m�7�v ���i�i�2�K�T�i�b �i�Q �T�`�2�b�2�M�i �� �/�2�2�T �i�`���M�b�7�2�` �H�2���`�M�B�M�; �#���b�2�/ �_�L�L�@�G�a�h�J �K�Q�/�2�H
�r�?�B�H�2 �+�Q�K�T���`�B�M�; �i�?�2 �T�2�`�7�Q�`�K���M�+�2 �Q�7 �;���K�K���i�Q�M�2 �7���b�i �K�2�i�?�Q�/ ���M�/ �i�?�2 �;���K�K���i�Q�M�2
���+�+�m�`���i�2 �K�2�i�?�Q�/�X

�k



�R�X�k ���B�K�b ���M�/ �P�#�D�2�+�i�B�p�2�b

�A�M �Q�m�` �b�i�m�/�v �r�2 �?���/ �b�T�2�+�B�}�+ �;�Q���H�b �B�M �K�B�M�/�X �h�?�2�v ���`�2 �/�2�T�B�+�i�2�/ �#�2�H�Q�r�,

�Ç �P�m�` �Q�#�D�2�+�i�B�p�2 �B�b �i�Q �b�m�+�+�2�b�b�7�m�H�H�v �/�2�i�2�+�i ���M�/ �+�H���b�b�B�7�v �M�Q�`�K���H ���M�/ �7���m�H�i�v �/���i��
�m�b�B�M�; �_�L�L�@�G�a�h�J �/�2�2�T �i�`���M�b�7�2�` �H�2���`�M�B�M�; �K�Q�/�2�H�X

�Ç �1�M�b�m�`�B�M�; �T�`�Q�T�2�` �m�i�B�H�B�x���i�B�Q�M �Q�7 �i�`���M�b�7�2�` �H�2���`�M�B�M�; �i�Q �`�2�/�m�+�2 �i�`���B�M�B�M�; �i�B�K�2 �i�Q
�Q�#�i���B�M ���H�K�Q�b�i �b�B�K�B�H���` �`�2�b�m�H�i�X

�Ç ���H�b�Q�- �r�2 �`���M �#�Q�i�? �i�?�2 �;���K�K���i�Q�M�2 ���+�+�m�`���i�2 ���M�/ �;���K�K���i�Q�M�2 �7���b�i �K�2�i�?�Q�/�b �Q�M
�/�B�z�2�`�2�M�i �2�M�p�B�`�Q�M�K�2�M�i�b �Q�7 �J�A�J�A�A ���M�/ �h�Q�v���.�J�P�a �/���i���b�2�i�b �i�Q �/�2�i�2�`�K�B�M�2 �i�?�2�B�`
�T�2�`�7�Q�`�K���M�+�2�X

�Ç �6�B�M���H�H�v�- �Q�m�` ���B�K �B�b �i�Q �/�2�i�2�+�i �7���m�H�i�b ���b �2���`�H�v ���b �T�Q�b�b�B�#�H�2 ���+�+�m�`���i�2�H�v �i�Q �B�M�+�`�2���b�2
�i�?�2�B�` �`�2�H�B���#�B�H�B�i�v�- �`�2�/�m�+�2 �2�M�2�`�;�v�- �b�2�`�p�B�+�2�- �K���B�M�i�2�M���M�+�2 �+�Q�b�i ���M�/ �T�`�2�p�2�M�i�B�Q�M �Q�7
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�Q�M �+�m�`�`�2�M�i �b�i���i�2 �+���H�+�m�H���i�B�Q�M�- ���+�i�B�p���i�B�Q�M �7�m�M�+�i�B�Q�M�- ���M�/ �Q�m�i�T�m�i �+���H�+�m�H���i�B�Q�M �7�Q�`�K�m�H���X
�*�m�`�`�2�M�i �b�i���i�2 �+�Q�K�T�m�i���i�B�Q�M�,

ht = f (ht � 1; X t ) �U�j�X�R�V

�>�2�`�2�-
�h�?�2 �T�`�2�b�2�M�i �b�i���i�2 �B�b �?t �- �i�?�2 �T�`�B�Q�` �b�i���i�2 �B�b �?t � 1�- ���M�/ �i�?�2 �B�M�T�m�i �b�i���i�2 �B�b �st �X
�h�?�2 ���+�i�B�p���i�B�Q�M �7���+�i�Q�` �B�b �/�2�i�2�`�K�B�M�2�/ �m�b�B�M�;�,

�e



ht = tanh( Whh ht � 1 + Wxh X t ) �U�j�X�k�V

�>�2�`�2�-
�q hh �@�= �r�2�B�;�?�i ���i �`�2�+�m�`�`�2�M�i �M�2�m�`�Q�M
�q xh �@�= �r�2�B�;�?�i ���i �B�M�T�m�i �M�2�m�`�Q�M �G���b�i�H�v�-
�*�Q�K�T�m�i���i�B�Q�M �7�m�M�+�i�B�Q�M �Q�7 �i�?�2 �Q�m�i�T�m�i�,

Yt = Why ht �U�j�X�j�V

�>�2�`�2�-
�ut �@�= �Q�m�i�T�m�i
�q hy �@�= �r�2�B�;�?�i ���i �Q�m�i�T�m�i �H���v�2�`

�� �`�2�+�m�`�`�2�M�i �M�2�m�`���H �M�2�i�r�Q�`�F �7�m�M�+�i�B�Q�M�b �B�M �i�?�B�b �K���M�M�2�`�X
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The first environment utilizes the non-pre-trained model
with a Gammatone Accurate filter and completed 100 epochs. The filter had been
applied on both MIMII and ToyADMOS datasets. During validation, the lowest
precision and f1-score this environment had achieved was 0.92 and 0.96 respectively,
by VALVE_N while VALVE_A had scored the lowest in recall with a 0.94. However,
the highest score across all evaluating criteria was 1.00 and it had been observed
multiple times.

Components Precision Recall F1-score
FAN_N 0.99 0.96 0.98
FAN_A 0.98 1.00 0.99
PUMP_N 0.99 1.00 0.99
PUMP_A 1.00 1.00 1.00
SLIDER_N 1.00 0.96 0.98
SLIDER_A 1.00 1.00 1.00
VALVE_N 0.92 0.99 0.96
VALVE_A 0.99 0.94 0.97
ToyConv_N 1.00 1.00 1.00
ToyConv_A 1.00 1.00 1.00
ToyTrain_N 1.00 1.00 1.00
ToyTrain_A 1.00 1.00 1.00

Table 6.1: Detailed result of the GA Environment 1

This environment follows the transfer learning paradigm
using the pre-trained model of the first environment for further operations and 30
epochs. In this environment, The precision score of VALVE_N had increased to
0.98 implying an improvement of 0.06, the f1 score of VALVE_N had also seen an
improvement of 0.01. Furthermore, VALVE_A also had an improvement in terms
of recall value by 0.03 reaching 0.97. However, the lowest precision value observed
was 0.94 scored by SLIDER_N, the lowest recall was 0.95 scored by VALVE_N,
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and the lowest f1-score was 0.95, again scored by SLIDER_N. The highest value
observed was 1.00 in various segments.

Components Precision Recall F1-score
FAN_N 0.99 0.96 0.98
FAN_A 0.95 1.00 0.98
PUMP_N 1.00 1.00 1.00
PUMP_A 1.00 1.00 1.00
SLIDER_N 0.94 0.96 0.95
SLIDER_A 1.00 1.00 1.00
VALVE_N 0.98 0.95 0.97
VALVE_A 1.00 0.97 0.98
ToyConv_N 1.00 1.00 1.00
ToyConv_A 1.00 1.00 1.00
ToyTrain_N 1.00 0.99 1.00
ToyTrain_A 0.99 1.00 1.00

Table 6.2: Detailed result of the GA Environment 2

After 30 epochs some drastic changes were observed in this
environment. While most of the segments had a perfect score of 1.00, in others,
steep declines in scores had been found. In this environment, the lowest observed
precision score was 0.81, the lowest recall value was 0.59, and the lowest f1-score
was 0.74 scored by SLIDER_N, VALVE_A, and VALVE_A respectively.

Components Precision Recall F1-score
FAN_N 0.85 1.00 0.92
FAN_A 0.99 0.99 0.99
PUMP_N 1.00 1.00 1.00
PUMP_A 1.00 1.00 1.00
SLIDER_N 0.81 0.82 0.81
SLIDER_A 1.00 1.00 1.00
VALVE_N 0.94 0.99 0.97
VALVE_A 1.00 0.59 0.74
ToyConv_N 1.00 1.00 1.00
ToyConv_A 1.00 1.00 1.00
ToyTrain_N 1.00 1.00 1.00
ToyTrain_A 1.00 1.00 1.00

Table 6.3: Detailed result of the GA Environment 3
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Although this environment used a non-pre-trained model
preprocessed with the gammatone fast method, the scores were perfect. Each of
the segments had scored 1.00. The differences with the previous first environment
are the methods used in data preprocessing. 100 epochs were completed in this
environment.

Components Precision Recall F1-score
FAN_N 1.00 1.00 1.00
FAN_A 1.00 1.00 1.00
PUMP_N 1.00 1.00 1.00
PUMP_A 1.00 1.00 1.00
SLIDER_N 1.00 1.00 1.00
SLIDER_A 1.00 1.00 1.00
VALVE_N 1.00 1.00 1.00
VALVE_A 1.00 1.00 1.00
ToyConv_N 1.00 1.00 1.00
ToyConv_A 1.00 1.00 1.00
ToyTrain_N 1.00 1.00 1.00
ToyTrain_A 1.00 1.00 1.00

Table 6.4: Detailed result of the GF Environment 1

A model pre-trained with Gammatone Fast method had
been used in this environment and had completed 30 epochs. Although this was
an implementation of transfer learning, the scores did not surpass the first envi-
ronment. The observed lowest precision was 0.98 scored by VALVE_N, the lowest
recall was 0.98 scored by SLIDER_N, and the lowest f1-score was 0.99 scored by
both SLIDER_N and VALVE_N.

20



Components Precision Recall F1-score
FAN_N 1.00 1.00 1.00
FAN_A 1.00 1.00 1.00
PUMP_N 1.00 1.00 1.00
PUMP_A 1.00 1.00 1.00
SLIDER_N 1.00 0.98 0.99
SLIDER_A 1.00 1.00 1.00
VALVE_N 0.98 1.00 0.99
VALVE_A 0.99 1.00 1.00
ToyConv_N 1.00 1.00 1.00
ToyConv_A 1.00 1.00 1.00
ToyTrain_N 1.00 1.00 1.00
ToyTrain_A 1.00 1.00 1.00

Table 6.5: Detailed result of the GF Environment 2

This environment also utilized the pre-trained model of en-
vironment 1. However, in contrast to the first environment, not all of the segments
achieved a perfect score of 1.00 due to VALVE_N scoring 0.99 indicating an improve-
ment of 0.01 over the second environment. This environment had also completed 30
epochs before comparison.

Components Precision Recall F1-score
FAN_N 1.00 1.00 1.00
FAN_A 1.00 1.00 1.00
PUMP_N 1.00 1.00 1.00
PUMP_A 1.00 1.00 1.00
SLIDER_N 1.00 1.00 1.00
SLIDER_A 1.00 1.00 1.00
VALVE_N 0.99 1.00 1.00
VALVE_A 1.00 1.00 1.00
ToyConv_N 1.00 1.00 1.00
ToyConv_A 1.00 1.00 1.00
ToyTrain_N 1.00 1.00 1.00
ToyTrain_A 1.00 1.00 1.00

Table 6.6: Detailed result of the GF Environment 3
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As the datasets used in this study were secondary, it was expected to have a min-
imal loss throughout the iterations. However, the drastic changes in the loss value
were surprising indeed. In the dataset preprocessed with the Gammatone accurate
method, a loss value of 1.6 had been observed for the train set. However, after a few
epochs, a sudden drop had been observed lowering the value to about 0.9 followed
by a somewhat stable decline for the next 20 or so epochs leading to an incredibly
stable descend till 100 epochs. The minimum loss value obtained after 100 epochs
is close to zero.

On the other hand, for the validation set, environment 1 of the Gammatone accurate
method’s loss value had not been stable. Fluctuations had been observed throughout
the span of 100 epochs. The initial loss was about 1.25 which finally became almost
zero. However, the lowest value had not been observed in the last epoch but within
the range of 92-95 epochs. An illustration of the phenomena can be found in Figure
6.1.

Figure 6.1: GA Environment 1 loss over iterations

After implementing transfer learning our loss curve did change quite significantly.
The most noteworthy factor would be the declining stability found in the train set
of environments two and three. In both cases, the initial value was about 0.6 and
the final value was near zero. However, the third environment had seen a more steep
decline in the first few epochs. During validation, both of these environments had
confronted sudden spikes in loss with environment two having more frequently. In
this environment, loss started at 0.4 with a stable decline to about 0.15 till 5 epochs
following by a small spike to about 0.18. At epoch no. 10, a tremendous spike in
loss had been observed that surpassed the initial value by exceeding 0.5. However,

22



it had been short-lived and after a few epochs, the loss dropped down to near 0.05.
The environment ran 30 epochs and the lowest loss was found in near epoch 25. The
findings are portrayed in Figure 6.2.

Figure 6.2: GA Environment 2 loss over iterations

Interestingly, in the third environment, the initial loss was even lower starting near
0.3 which peaked at about 0.4 after a few epochs. Moreover, Frequent spikes had
been observed and the most prominent one being at around epoch no. 17. Finally,
at 30 epoch, there had been another unexpected spike in the loss that exceeded 0.1.
Figure 6.3

Figure 6.3: GA Environment 3 loss over iterations
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