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Configuration Manual

Sumit Singh
x20135769

1 Introduction

The objective of the manual is to provide details of the system setup, software, hardware
and network configurations for the research project, A Deep Learning Model for Irish
English and Hindi Language Identification

2 Hardware Components

The implementation of the project was performed using a virtual machine created using
google cloud platform(GCP). The configuration of the machine are as follows:

Machine Platform

Virtual machine on Google Cloud Platform(GCP)

Machine Type

Nl-standard-2( 2 vCPU, 7.5 GB Memory)

GPU

1 X NVIDIA Tesla T4

Operating System

Debian 10

Name 4

O Status
o o

languageidentificationmachine

Zone

us-centrall-c

Machine type Internal IP External IP Labels Connect

ni-standard-2 10.128.0.2 (nic0) 34.134196.80 2 SSH ~

Figure 1: Virtual Machine Instance

Machine configuration

Machine type
CPU platform
VvCPUs to core ratio -

Display device

GPUs

Unknow!

Enabled

ni-standard-2

n CPU Platform

1 x NVIDIA Tesla T4

Figure 2: GPU Confirguration of the Virtual Machine




Storage
Boot disk

Name 4+ Image

languageidentificationmachine cl- scsl

deeplearning-
tf-1-15-
cul10-
v20211118-
debian-10

Interface type

Size (GB) Device name

50 languageidentificationmachine

Type Encryption Mode
SsD Google- Boot,
persistent managed read/

disk

Figure 3: Operating Image Details of the Virtual Machine

Network interface details

Name Network Subnetwork

nicQ default default 10.128.0.2
VM instance details

Name Zone

languageidentificationmachine us-centrall-c

Primary internal IP Alias IP ranges

- 34.134.196.80

Network tags

http-server, https-server

External IP

Service account

Network Service Tier

Premium

IP forwarding

Off

42867587035-compute@developer.gserviceaccount.com

Figure 4: Network Configurations of the Virtual Machine

3 Software Components

Following software components were used for the development of the project:

Programming tool

Jupyter Notebook

Programming language

Python 3, VBScript

Office Applications

Microsoft Excel 365

Report Compilation

Overleaf

Browser

Google Chrome Version 96.0.4664.93

4 Python library package

Following libraries must be installed before running the code for the project implement-

ation:

PyDub Ipip install pydub

ffmpeg Ipip install ffmpeg

Librosa Ipip install librosa

Numpy Ipip install numpy
Mathplotlib Ipip install matplotlib

Pandas Ipip install pandas

Keras Ipip install keras

Tenserflow Ipip install tensorflow ==1.15
Tenserflow GPU Ipip install tensorflow-gpu==1.15
Seaborn Ipip install seaborn
EfficientNet Model | !pip install -U efficientnet




5 Google Cloud Platform (GCP) Setup

5.1 Create a virtual machine instance

GCP is a cloud platform and to create a virtual machine on the cloud following steps
must be followed:

1. Sign-up and create a login account with Google Cloud Platform.
2. On sign-up new users are provided with $300 for free services.

3. Create a new instance in the compute engine console and select a region for and zone
for machine. The machine used in the experiment was created in us-centrall(Iowa)
region under us-centrall-c zone.

4. Select GPU type as NVIDIA Tesla T4 and number of GPU’s as 1.

Machine family

GENERAL-PURPOSE ~ COMPUTE-OPTIMIZED ~ MEMORY-OPTIMIZED ~ GPU

Optimized for machine learning, high performance computing, and visualization workloads

GPUtype —— Numberof GPUs
NVIDIA Tesla T4 v‘ 1 -

\:\ Enable Virtual Workstation (NVIDIA GRID)

Series

N1
Powered by Intel Skylake CPU platform or one of its predecessors

Machine type
‘ n1-standard-2 (2 vCPU, 7.5 GB memory) v ‘

O vCPU Memory
\/i ? 2 7.56GB

CPU platform
‘Auromanc - @ ‘

Figure 5: Configure Machine Image

5. Click on the change button in the boot disk section and increase the size of the
selected disk to 50 GB.

Boot disk

Select an image or snapshot to create a boot disk; or attach an existing disk. Can't find
what you're looking for? Explore hundreds of VM solutions in Marketplace

PUBLIC IMAGES CUSTOM IMAGES SNAPSHOTS EXISTING DISKS

Operating system
‘ Debian v |

Version *
‘ Debian GNU/Linux 10 (buster) - |
amd64 built on , supports Shielded VM features
Bootdisktype* ——————————— Size@B)*
‘ Balanced persistent disk A ‘ 50 |

v SHOW ADVANCED CONFIGURATION

SELECT CANCEL

Figure 6: Configure Storage



Identity and APl access @

Service accounts @
 Service account
Compute Engine default service account -

Access scopes @

@ Allow default access

O Allow full access to all Cloud APIs
O Setaccess for each API

Firewall @

Add tags and firewall rules to allow specific network traffic from the Internet
Allow HTTP traffic
Allow HTTPS traffic

Figure 7: Configure Network Traffic

6. Check the Allow HTTP and HTTPS check-boxes under the firewall section

7. Click on create instance button and the instance will be created with 2 to 3 minutes.

5.2 Open Jupyter notebook on GCP Debian Image

1. Created instance is displayed in the VM instances section of the Compute Engine
tab

& VMinstances - Compute Engine X~ Home Page - Select or createa 1 X +
< > C & consolecloud.google.com/compute/instances?project=languageidentification-331711 ®
H Apps @ Udemy Data Science infor.. @ VM instances - Co... NCI Language Detection M How to Do Data Ex.. exams T Moodle @ Library Project @ HCL DMML2 @ ULeam@MACE » | [ Reading list
Google Cloud Platform anguageldentification v Q  Search products and resources
{e} Compute Engine VM instances B CREATEINSTANCE & IMPORTVM ' REFRESH i @ OPERATIONS ~ [EJHELP ASSISTANT ~ SHOW INFOPANEL 1 LEARN
Virtual machines -~
INSTANCES INSTANCE SCHEDULE
B  VMinstances VM instances are highly configurable virtual machines for running workloads on Google

infrastructure. Learn more

[ Instance templates

B Soletenantnodes = Filter  Enter property name or value (> m
Mach 0O staws Name 4 Zone Machine type Internal IP External IP Labels Connect

. cchineimaes O (] languageidentificationmachine us-central1-c ni-standard-2 10.128.0.2 (nic0) 34.134.196.80 2 SSH ~ H

2. Start the instance and a notification is generated on the bottom of the page for
confirmation.

INSTANCES INSTANCE SCHEDULE

VM instances are highly configurable virtual machines for running workloads on Google
infrastructure. Learn more

= Filter Enter property name or value [~] m
O status Name 4 Zone Machine type Internal IP External IP Labels Connect
O 0o languageidentificationmachine us-centrall-c ni-standard-2 10.128.0.2 (nic0) 34.134.196.80 2 SSH - H

Start / Resume

Stop

Suspend

Reset

Delete

View network details
Create new machine image
View logs

View monitoring




@ 55H languageicentiicationmachine @ anguageidentication-331711 - Google Chrome o x
@& ssh.cloud. le -331711/zones/us-central 1-

@ connecting
Transferting SSH keys o the VM.

3. Once the machine is started, click on the SSH button on the main instance menu
and wait for the connection to be established.

4. A black window pops up, type the following command to start the Jupyter note-
book. jupyter notebook —ip=0.0.0.0 —port=8888 —no-browser

5. Use the external IP address of the instance followed by a colon sign along with the
port number to open up the Jupyter notebook on the default browser. An example
of the address used in the experiment is 34.134.196.80:8888/

® VM instances - Compute Engine X fome Page - Selectorcreate st X+

< C A Notsecure | 34134196808888/tree
H apps @ Udemy | DataScenceinfor.. & VMinstances - Co NI [ Language Detection % How o Do Data x. cams f Moodle @ Lbary || Project @ HCL [ DN

= Jupyter

5.3 Execution

1. Once the Notebook is open, upload the zip folder into the python notebook using
the upload button on the top- right corner..



2.

In [2]:

Create a new python notebook and use the below code to unzip the file.

# importing unzip module
from zipfile import ZipFile

# specifying the zip file name
file name = "Language_ identification_Code Artifacts.zip"
# opening the zip file in READ mode
with ZipFile(file_name, 'r') as zip:
# printing all the contents of the zip file
zip.printdir()
# extracting all the files
print('Extracting all the files now...")

zip.extractall()
print{'Done!")

The next step is to convert the provided audio files from .mp3 dataset into .wav
dataset. However, the converted datasets are already provided in the unzipped
folder. Refer to the ”Convert_mp3_to_wav.ipynb” python file for execution and
reference.

The .wav files are renamed using a Vbscript file attached in the folder. The files
are renamed for easier tracking and processing.

The renamed files name are combined in an excel file and the three different lan-
guages are given a label for multi-label classification. The labels are 0 for English,
1 for Hindi and 2 for Irish. Refer to the file "train.csv” for reference.

The converted .wav audio files are then converted into mel-spectrograms. Librosa
is used to import the audio files and based on research using literature survey, mel
banks are defined and mel spectrograms are created for feature extraction. Refer
to 7 Create_Spectrograms.ipynb” python file for reference.

The mel-spectrograms are stored in a folder ”Spec_Data_Train” and upload using
ImageDataGenerator function from the Keras library. The function is also used for
preprocessing using augmentation techniques.

(a) Experiment 1: CNN model is initialized and and training is done on training
and validation dataset using train_generators.fit_generator function is used to
predict the languages for the test samples and are evaluated using classifica-
tion report, confusion matrix, Accuracy and loss plots from the sklearn and
Matplotlib libraries. Refer to ”SLID_CustomSeq-CNN.ipynb” file for reference

(b) Experiment 2: Resnet50 model is initialized using keras library and training
and testing is performed on the dataset. Refer to ”SLID_Resnet.ipynb” file for
reference

(c¢) Experiment 3: InveptionV3 model is initialized using keras library and training
and testing is performed on the dataset. Refer to ”SLID InceptionV3.ipynb”
file for reference

(d) Experiment 4: EfficientNet model is initialized using keras library and training
and testing is performed on the dataset. Refer to ”SLID_EfficientNet.ipynb”
file for reference



6 Project Development

Different crucial sections of the code implementation have been highlighted below.

6.1 Import Libraries

File Edit View Insert Cell Kernel Widgets Help

B+ @B & & [ pRun B C W [coge v

@ nbdiff

| Python 3 ©

In [1]: import pandas as pd

import numpy as np

import seaborn as sns

import tensorflow as tf

import matplotlib.pyplot as plt

from keras import regularizers

from keras.regularizers import 12

from tensorflow.keras import optimizers
from keras.optimizers import RMSprop
10 from keras.models import Sequential

[T R Y TR e

14 from keras.layers import Conv2D, MaxPooling2D
15
1

o

¥matplotlib inline
Using TensorFlow backend.

libcudart.so.11.@

11 from keras.preprocessing.image import ImageDataGenerator
12 from keras.layers import Dense, Activation, Flatten, Dropout, BatchMormalization
13 from keras.initializers import glorot_normal, glorot_uniform, he_normal, he_uniform, Constant

2821-12-10 23:17:67.163118: I tensorflow/stream executor/platform/default/dso_loader.cc:48] Successfully opened dynamic library

6.2 Load Audio and Visual Sound

In [5]: |ipd.Audic{scale file)
Out|[5]:
- 0:00 F 0203 L G
In [6]: |# Load owdio Files with Librosa
scale, sr = librosa.load{scale_file)
In [9]: |import lilrosa.dizplay
import matplotlib.pyplot as plt
# x-gxis has been converted fo Uime wSing cur sample rale.
& plotiy), would oulput Che same figure, bt with somple
& o & x-oxis
plt.figure(figsize=(15, 5)}
librosa.display.waveplot{scale, sr=sr)
Cut[2]: cmatplotlib.collections.PolyCollection at @xlee@G3ESclex
Lo
ars
as0
s
290 1
05
050 4
iy
-1

Tt




6.3 Define Mel Banks

Mel Banks

In [19]): filter_banks = librasa.filters.mel{n_fft=2848, sr=22858,

In [28):  filter_banks.shape

6.4 Extract Spectrograms

libresa.display.specsho

n_nels=128)




6.5 Data Precrocessing

In [3]:| 1 dataset-pd.read_csv( train.csv')

In [4]:| 1 dict_genres = {'English':@, 'Hindi':l, 'Irish':2}

= reverse_map = {vi k for k, v in dict_genres.items()}
2 print(reverse_map)

e

"Englizsh®, 1: ‘“Hindi®, 2: 'Irizh'}

In [5]:| 1 shuffled_df - dotasct.sample(frac=1)

In [6]: 1 df = shuffled_df
2 df['SpectrogramID’] = df['SpectrogramID'].astype(str) + '.png

3 df.head()
out[s]:

SpectrogramiD  LanguagelD
2897 Irish_0900.png 2
1442 Hindi_0445.png 1
2928 Irish_0932 png 2
2186 Irish_0189.ong 2
2693 Irish_0896.png 2

In [7]:| 1 df = pd.concat([df, pd.get_dummies(df[’LangusgeID'], prefix = 'LangusgeID')],axis=1)

> df.drop(['LangusgelD’], sxis - 1, inplace =True)

4 df.head()

SpectrogramiD  LanguagelD_0 LanguagelD_1 LanguageD_2

2897 Irish_0900.png 0 0 1
1442 Hindi_0445.png 0 1 0
2020 Irish_0932 png 0 0 1
2188 Irish_0182.png 0 0 1
2693 Irish_0696.ong 0 0 1

6.6 Import Spectrograms to Jupyter
cessing

In [8]: 1 columns=["LanguageID 8", "LanguageID 1", "LanguagelD 2]
3 train_dstagen-ImageDstaGenerator(rescale=1./255.)
4 test_dstagen=ImageDataGenerator(rescale=1./255.)

train_generator=train_datagen.flow_from_dataframe(
f[:2000],

Spec_Data_Train®,
x_col="SpectrogramID®,

y_col=columns,

color_mode="rgb’,

batch_size=10@,

seed=42,
shuffle=Tru
class_mod, B
target_size=(224, 224))

o

valid_generator-test_datagen.flow_from dataframe(
[2000: 2600],

Spec_Data_Train’,
x_col="SpectrogramID”,

y_col=columns,

color_mode="rgb",

batch_size=58,

seed=42,

shuffle=True,

class_mod W',
target_size=(224, 224))

Ep

test_generator=test_datagen.flow_from_dataframe(
[2698:3100],

Spec_Data_Train’,
x_col="SpectrogramID”,

color_mode="rgb",

batch_size=1,

seed=42,

shuffle=False,

class_mode=None,

target_size=(224, 224))

&

Found 202@ vslidated image filenames.
Found 688 validated image filenames.
Found 488 validated image filenames.

Notebook and

Prepro-



6.7 CNN Model

Model: "sequential 2"

Layer (type) Gutput Shape Param ¥
convzd_o (Conv20) (None, 224, 224, 128) 3584
activation_18 (Activation) (None, 224, 224, 128) )
conv2d_18 (Conv2D) (None, 224, 224, 128) 147584
activation_11 (Activation) (MNone, 224, 224, 128) @
max_pocling2d 5 (Maxpoolingz (Nome, 112, 112, 128) @
dropout_6 (Dropout) (None, 112, 112, 128) )
convzd_11 (Conw2b) (None, 112, 112, 84) 73792
activation_12 (Activation) (Mene, 112, 112, &4) @
convzd_12 (Convid) (hene, 112, 112, 64) 36928
activation_13 (Activation) (Neme, 112, 112, 84) )
max_pooling2d_& (MaxPooling? (None, 56, 56, 64) )
dropout_7 (Dropout) (None, 58, 56, 64) @
conv2d_13 (Conw2D) (None, 58, 56, 64) 36928
activation_14 (Activation) (None, 58, 56, 64) )
conv2d_14 (Conv2D) (None, 54, 54, 84) 38928
activation_15 (Activation) (None, 54, 54, 84) @
max_pooling2d_7 (MaxPooling2 (Neme, 27, 27, 64) )
dropout_8 (Dropout) (None, 27, 27, 84) @
conv2d_15 (Conw2D) (None, 27, 27, 32) 18484
activation_16 (Activation) (Nene, 27, 27, 32) 0]
conv2d_16 (Conw2D) (None, 25, 25, 32) 9248
activation_17 (Activation) (Mone, 25, 25, 32) )
max_pooling2d_8 (MaxPooling2 (Nome, 12, 12, 32) )
dropout_3 (Dropout) (None, 12, 12, 32) 0]
flatten_2 (Flatten) (None, 4588) )
dense_3 (Dense) (None, 512) 2350808
activation_18 (Activation) (None, 512) )
dropaut_1¢ (Dropout) (hene, 512) @
dense_a (Dense) (None, 3) 1539
Total params: 2,724,883
Trainable params: 2,724,883
Non-trainable params: @
Model ini
6.8 odel Training
In [37] 1 STEP_SIZE_TRAIN=train_generator.n//train_generator.batch_size
STEP_SIZE_VALID=valid_generator.n//valid_generator.batch_size
STEP_SIZE_TEST=test_generator.n//test_generator.batch_size
hist = model.fit_generator(generator=train_generator,
steps_per_epoch=STEP_SLZE_TRAIN,
6 wvalidation_data=walid_generator,
! validation_steps=STEP_SIZE_WALID,
B epochs=145)
8.9356
Epoch 1da/145
/e [ - 31s Is/step - loss: B.1782 - accuracy: 9.9658 - val_loss: ©.2893 - val_accuracy:
8.9484
Epoch 141/145
e/ [ - 31s 2s/step - loss: B.1757 - accuracy: ©.9657 - val_loss: ©.1997 - val_accuracy:
8.9367
Epoch 1427145
28/28 - 31s 2s/step - loss: B.1737 - accuracy: 9.9693 - val_loss: ©.2828 - val_accuracy:
8.9389
Epoch 1437145
FL:Red - 31s 2s/step - loss: B.1628 - accuracy: 9.9715 - val_loss: ©.1845 - val_accuracy:
8.9372
Epoch 1447145
2g/step - loss: B.15683 - accuracy: ©9.9785 - wal_loss: @.2128 - wval_accuracy:
Epoch 145/145
e [ 2s/step - loss: B.1682 - accuracy: 8.9725 - val_loss: 8.2928 - val_accuracy:

8.9356

10



6.9 Testing Spectrograms and Probability of Each Language

Load the test generator for predictions

In [38]: 1 # Load the test gemerator for predictionstest_generator.reset(}
2 pred = model.predict_generator(test_generator,steps=5TEP_SILZE_TEST,verbose=1)

lang = np.argmax(pred,axis=1)
5 columns=["LanguagelD_8", "LanguagelD_l1", "LanguagelD _2"]
& #columns should be the same order of y col

& results=pd.DstaFrame{pred, columns=columns}
results["SpectrogramlD” J=test_generator.filenames
ordered_cols=["SpectrogramiD”]+columns
results=results[ordered_cols]#To get the same column order
results[*lang’'] = lang

14 file_id = results['SpectrogramID’]
15 results = pd.concat([file_id, results[['Languagell ®&°, 'Languagell 1°, 'LanguagslD_2', 'lang’']]), axis = 1)
15 results.head()

SEEREET] - ds dms/step
Out[38]: SpectrogramiD  LanguagelD_0 LanguapgelD 1 LanguagelD_2 lang
0 rish 0854png 811825807 0.000000 0829095 =
1  lrish_0707.png  0.0000002+00 0.000000 1.000000 2
2 Hindi 0789.png  2.4432732-04 0.908387 0.000285 1
3 Hindi_0224png 5.804481e-02 0985345 0.000007 1
4 Hindi 0230.png 3.543124e-02 0.955188 0.000034 1

6.10 Evaluations

Evaluation and Results

In [62]: 1 # Evalugtion and Results
2 from sklearn import metrics
from sklearn.metrics import accuracy_score, confusion_matrix

# Evoluate classifier

5 print('Classifier Metrics:")

& y_test = shuffled_df[2698:3188].Languagell

target_names = dict_genres.keys()

int(y_test.shape, results.lang.shape)

metrics.classification_report{y_test, results.lang,target_names=target_names))
print('Accuracy Score: {:.2%} .format{metrics.accuracy_score(y_test, results.lang)))

print("\n Confusion Matrix:")

cm = confusion_matrix(y_test, resulis.lang)
14 print(cm)

15 df_em = pd.DataFrame{cm, range({3),range(3})
15 plt.figure(figsize = (18,7))
sns.set(font_scale=1.4)#for Label size

Classifier Metrics:
(4ee,) (aed,)

precision recall fl-scare support

English 8.94 B.88 8.91 137
Hindi B.92 8.95 a.93 135

Irizh B.95 B.95 a.98 128
accuracy @.94 LEE)
macra avg B.94 B.94 a.93 484
weighted avg B.94 B.94 @.93 aga

Accuracy Score: 93.58%

Confusion Matrix:
[[121 18 @]
[ 5138 @]
[ 3 2 123]]

«Figure size 728x584 with @ Axes:

11
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Figure 8: Confusion Matrix for CNN Model
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6.11 Resnet Model Training

Model Training and Validation

hist

= model_resnet.

Fit_generator{genera
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6.12 Inception Model Training

Model Training and Validation

In [2]: 1 | STEP_SIZE_TRAIN=Lrain_generabor.n//Craln_generator.batch_size
2 | STEP_SIZE_VALID=valid_generator.n//valld_generator.batch_size
1 | STEP_SIZE_TEST=test_generator.n//test_pgenerator.batch_size
5 hist = medel_Inception.fit_generator(generator=train_generator,
3 steps_per_spoch=STEP_SIZE_TRAINM,
7 walidation data=valid_generator,
E validation_steps=STEP_SIZE_VALID,
8 epochs=58)
cy: B.9567
Epoch 45758
168/188 [===== ] - 23s 225ms/step - loss: B.8232 - accuracy: B.9972 - val_loss: @8.4121 - wal accura
cy: B.9483
Epoch 46,58
168/188 [===== ] - 225 224ms/step - loss: B.8A7E - accuracy: 8.9957 - val_loss: 8.3258 - wal accura
cy: 8.912E
Epoch 47/58
168/188 [===== ] - 23z 225ms/step - loss: B.80867 - accuracy: 8.9980 - val loss: 8.2219 - wal accura
cy: @.9444
Epoch 4B/58
166/186 [===== ] - 23 22Sms/step - loss: @.@126 - accuracy: 8.9967 - val_loss: @.4115 - wal accura
cy: @.9IED
Epoch 49/58
188,188 [===== ] - 22s 22dme/step - loss: @.@811E - accuracy: B.9573 - wval_loss: @.4618 - wal_accura
cy: 8.9422
Epoch 58/58
188,188 [===== ] - 23s 228ms/step - loss: @.@81B2 - accuracy: B.9962 - val_loss: @.586%9 - wal_accura
cy: B.9306
. . .
6.13 EfficientNet Model Training
Model Training and Validation
In [18]: 1 |STEP_SIZE_TRAIN-Lrain_generator.n/fCraln_generator.batch_size
2 STEP_SIZE_VWALID=valid generator.n/fvalid_generator.batch size
3 STEP_SIZE_TEST=test_generator.n//test_generator.batch_size
4 hist = model_E+FicientMet.fit_generator{generator=train_generator,
5 steps_per epoch=5TEF_SIZE_TRAIN,
6 validation_data=valid_generator,
7 validation steps=STEP SIZE VALID,
B epochs=58)
cy: @.9717 B -
Epoch 45758
188,188 [===== ] - 255 25Imsfstep - Loss: @.8219 - accuracy: B.95963 - wal_loss: 2.6832 - wal_accura
cy: B.9661
Epoch 46758
188/188 [===== ] - 255 2dBms/sitep - loss: @.8865 - accuracy: B.9988 - val loss: 8.8068 - val_accura
cy: @.968%
Epoch £7/58
188,188 [===== ] - 255 240ms/step - loss: @.8216 - accuracy: B.5573 - wal_loss: 8.263% - wal_accura
cy: @.9667
Epoch 48758
188/1868 [===== ] - 255 253msfstep - Loss: @.8313 - accuracy: B.9963 - wval_loss: 1.8BET - wal_accura
cy: B.9778
Epoch 49/58
188,188 [===== ] - 255 24Tmsfstep - Loss: @.8836 - accuracy: B.9995 - wval_loss: @.2843 - wal_accura
cy: @.9683
Epoch 58/58
168/188 [===== ] - 255 240msisitep - Loss: @.8466 - aciuwracy: B.9988 - val_loss: @.30BE - val_aciura
cy: 2.9554
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