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Configuration Manual

Pranav Ramakrishnan
Student ID: 23107979

1 Introduction

This manual describes a solution of setting and deploying an automated machine learning
system to estimate the earthquake magnitude, the following section presents itself as an
effective one in explaining concept insights. The purpose is to enhance Earthquake Early
Warning, providing alerts in order to minimize loss of life and property damage.

Moreover, the system processes seismic data, eliminates all but the premier machine learning
model among 19 options, and fine-tunes these models. They comprise data pre-processing,
model training, testing and deploying the app in the form of an easy to use web application.
The app provides predictions of magnitudes and their corresponding risks. This way guide
enables the users of the system set to enable them to get better predictions of the earthquakes.

2 System Requirements

Component Minimum Specification Recommended
Specification
Processor (CPU) Dual-Core Processor (e.g., | Quad-Core Processor
Intel 13 or AMD A4) (e.g., Intel 15/i7 or AMD
Ryzen)
Memory (RAM) 4 GB 16GB
Storage 20GB free space 50 GB free space
(preferably SSD)
Graphics (GPU) Not Required Dedicated GPU (e.g.,
NVIDIA GTX 1050 or
higher) for deep learning
models
Network Standard Ethernet or High-speed Internet for
Wi-Fi connection faster data processing and
model deployment




3 Software Requirements
3.1 Operating system

e System OS: Windows 11
® Processor: i5

e RAM: 8 GB

3.2 Development Environment
Integrated Development Environment (IDE)

Jupyter Notebook (via Anaconda) or Google Colab for interactive coding.

3.3 Additional tools and libraries

e Python Version: 3.11.10
e Core Libraries:
© NumPy (>=1.21.0)
o Pandas (>=1.3.0)
o Scikit-learn (>=1.0.0)
e Visualization Tools:
o Matplotlib (>=3.4.0)
o Seaborn (>=0.11.0)
o GeoPandas(>=1.0.2)
e Machine Learning Frameworks:
o PyCaret (>=3.3.2)
o XGBoost (>=1.4.0)
o LightGBM (>=3.2.0)
o CatBoost (>=0.26)
e Web App Development:
o Streamlit >=1.41.0)
e Model Persistence:
o Pickle (standard library)

Other Requirements

e Browser: Modern web browser (e.g., Google Chrome, Mozilla Firefox) for Streamlit
app visualization.

4. Software Installation



4.1 Installation for Jupyter Notebook

Step 1

Install Anaconda Navigator from https://www.anaconda.com/download.

Step2

After Installing Anaconda Navigator . Search Anaconda Navigator on the Search bar.

Step 3

Open Anaconda Navigator .Its look like the following image. (fig 1)
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After Installing Jupyter Notebook we see the Jupyter Notebook installed on your local
environment you access using typing jupyter notebook on search bar or you can use
Command Prompt for accessing this jupyter notebook.

Step 5
create a Python Environment in Anaconda Navigator where Jupyter Notebook will run on
this python Environment
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Figure 3: Jupyter notebook Environment page

Go to Environment Tab, which is on the left side of the Panel below the Home tab.After
Selecting Environment Tab There is a Create Option which is shown just like above
(fig3)Click on that option .

step 6

After Clicking on the "CREATE ” option you will get the Following Figure 4 type on your
screen .

Create new environment

MName: Python
Location: C:\Users\maitreyalanaconda3|envs\Pythor
Packages: Python 3.11.10 v
Or 3.6.1 -

Cancel Create

Figure 4:Python Environment Creation
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Select Python with 3.11.10 version and hit the create Tab shown in Figure 4

5. Data Preparation

5.1 Collection of data

The data is collected from kaggle.The name of the dataset is World Earthquake data from
1906-2022.The dataset contains the features such as magnitude,depth, latitude longitude and
other relevant columns .This dataset have the earthquake data of different regions and years
of more than 300000 rows.First five rows of the data set is in figure 5

https://www.kaggle.com/datasets/garrickhague/world-earthquake-data-from-1906-2022

time latitude longitude depth mag magType nst gap dmin rms .. place type
77 km
2023-02-28 - . - NMW of
i} 23:52-05.052000+00:00 41.8050 72.8675 10.000 5.0 mb 450 910 1282 080 .. Aksu, earthguake
China
Pagan
region,
2023-02-28 -, -
1 233317 341000+00:00 12.7420 1454352 200365 48 mb 67.0 850 5158 085 .. Pi?;ﬁ:;; earthguake
|slands
2023-02-28 = = | = -
2 2147 14.541000+00:00 42 0857 72.9516 10.000 498 mb 450 770 1223 082 .. MaM  earthguake
northern
2023-02-28 - - East
3 21-35:01.202000+00:00 148354 -104.55582 10.000 48 mb 510 217.0 5881 057 .. Facific earthguske
Rise
34 km
2023-02-28 MNE of
4 12:58:54 238000+00:00 448730 146.5158 134200 45 mb 108.0 620 2886 082 .. Otrada, earthguske

Russia
5 rows = 23 columns

Figure S:First S rows of the dataset

5.2 Data Cleaning

In figure 6 the first code dropped redundant or less critical columns to streamline the dataset.
and the second code is for deleting the duplicate in the dataset and the third code make the
missing values in the dataset to numerical values.The last code makes the all the missing
values in the numerical columns are replaced with their respective medium values.
todrop = ["nst', 'gap', "dmin', ‘rms', "maghst']
earthquakes.drop(todrop, axis=1, inplace=True}

# Drop duplicates

cearthquakes .drop_duplicates{inplace=Trus)

# Define numericel ond cotegorical columns
numerical_columns = ['depth', 'mag', 'latitude', '"longitude']
categorical_columns = [ 'magType', 'net', 'place', "type', 'status']

# Import the necessary class from scikit-Learn
from sklearn.impute import SimpleImputer

# Now you con use SimpleImputer
imputer = SimpleImputer(strategy="median")
earthquakes[numerical_columns] = imputer.fit_transform{earthquakes[numerical_columns])

Figure 6: Data Cleaning

5.3 Exploratory Data Analysis

Using Geopandas 2 maps has been created with the help of an external zip file. The code used
for that is in figure 7.The first map represents the magnitude level with the colour and the


https://www.kaggle.com/datasets/garrickhague/world-earthquake-data-from-1906-2022

other map represents the depth level and histogram has been created represents the
earthquake that happens over time.

import geopandas as gpd
import zipfile

import os
# Specify the path to your downloaded ZIP file
zip_file_path = "/content/ne_116m_admin_@ countries.zip®

# Extroct the ZIP file
with zipfile.ZipFile(zip_file path, 'r') as zip_ref:
rip_ref.extractall("extracted_data™)

# Locate the extracted shapefile
shapefile_path = os.path.join("extracted_data”, "ne_11@m_admin_@ countries.shp")

A5

# Logd the datoset using gecpandas
natworld = gpd.read_file(shapefile_path)

# Convert the CRS to EP5G:4326
natworld = natworld.to_crs("EP5G:4326™)

continents = natworld.dissolve{by="CONTINENT")

# DMisplay the First few rows

print{continents.head(})

Figure 7: Geopandas

5.4 Data Transformation

Using the LabelEncoder all categorical columns are converted to numerical values, enabling
compatibility with most machine learning algorithms.(fig8) and extract additional features
from the time column for capturing the temporal patterns . Four new columns have been
added; those are Year, Month,Day,Hour.These will be useful for time-based analysis or
feature engineering.

# Import the necessary class from scikit-Learn
from sklearn.preprocessing import LabelEncoder

# Encode categorical variables
for col in categorical_columns:
if col in earthguakes.columns:
earthquakes[col] = LabelEncoder().fit_transform{earthquakes[col])

# Extract additional features from the timestamp
earthquakes[ 'vear'] = earthquakes['time'].dt.year
earthquakes[ 'month’] = earthguakes[ time'].dt.month
earthquakes['day’] = earthguakes['time'].dt.day
earthquakes[ "hour'] = earthquakes['time'].dt.hour

Figure 8: Data Transformation code

6 Feature selection and Data Splitting



By taking the “mag” as target variable and dropping the non relevant columns like time,place
type and Geometry(fig9).The data has been splitted in to two 20 for testing and 80 for
training

# Fegture selection: Dropping non-relevant columns for modeling

features = earthguakes.drop(['time', 'place', 'tvpe', 'geometry'], axis=1l, errors="ignore'}
target = "mag’

# Train-test split (88-28)

trainX, testX, trainY, testY = trein_test_split{feastures.drop{columns=[target]},
features[target],
test_size=8.2,
random_state=42)

Figure 9: code for feature selection and data splitting

7 PyCaret setup
Using the code from figure 10 the PyCaret setup for Regression has been initialised and the
best model of the regression has been compared

# Now coll setup
clfl = setup{data=earthguakes, target="mag', session_id=42, normalize=True, use_gpu=True, n_jobs=-1)

# Now call setup
clfl = setup(data=earthquakes, target="mag', session_id=42, normalize=True, use_gpu=True, n_johs=-1}

Figure 10 PyCaret Setup

7.1 Model tuning

From the compared models 8 best performing model has been selected and has been tuned
individual. The code used for tung is in figure 11

tuned_rf = rﬂ

Figure 11 Tuning

7.2 Evaluate the models

Each selected model has been evaluated individually for finding the Mean square error,Root
mean square error,Mean absolute percentage error and R-squared value.the code used is in
the figure 12



# Evaluate the model
def evaluste_nodel(y_true, y_pred):
mse = mean_squared_error(y_true, y_pred)
rmse = np_sqrt(mse)
mape = mean_absolute percentage error(y_Lrue, y pred)
r2 = r2_score(y_true, y_pred)
return nse, rase, nape, r2

# Exanple usege for tune
mie_tuned_rf, roce_tuned r

F model
, mape_tuned_r+, rl_tured_rf = evaluate medel{test, predictions_tuned_r[ prediction_

E(F"Tuned Random Forest:
L(f {mse_tuned_r+
E(F'RMSE: {rmse_tuned_rf}")
L{F"MAPE: {mape_tuned_r
Inb{FIRA2: [r2_tuned_rf}")

p
p
p
p
p

# Repeat the above for other models: turs

nse_tuned_lightgbn, rmse_tuned_lightghn, mape_tuned_lightgbm, r2_tuned_lightgbm = evaluste_model{testy, predictions_tuned_lightg
t(F Tuned LightcaM:*}
{m==_1.ur|=|J Lightgte}”)

print(F'R*2: {r2_tuned_Lightgbm}")

i_lr, rmse_tuned lr, mape_tuned_lr, rl_tuned_lr = evaluate_medel{test¥, predictions_tumed_lr[’predictio
wed Linear Regres
{mse_tuned_Lr}")
L(FURMSE: {rmse_tuned_l
E(FMAPE: {mape_tuned_1r}
prant(F'RA2: {r2_tuned_Lr}")

nse_tuned_ridge, rmse_tuned_rid
wed Ridge Regr
{mse_tuned_ridge)
L(F'RMSE: {rmse_tuned_ridge}”)
E(FMAPE: {mape_tuned_ridge}”)
pr Int(F R*2: {r2_tuned_ridge}”)

e, mape_tuned_ridge, r2_tuned_ridge = evaluite model(test¥, predictiens_tured ridge[ predict

nse_tuned_lasse, rmse_tuned_lasso, mape_tuned_lasso, r2_tuned lasso = eveluate_model{testV, predictions_tuned_lasse['predict

mse_tuned_ 1¢=;u
L(FURMSE: {rmie_tuned_lasse}” )
LFMAPE: {mape_tuned_lasse}” )
prant(F'R%2: {r2_tuned_lasso}")

fse_tuned_xgboost, rise_tuned_xgboost, mape tuned xgboost, r2_tuned_sgbosst = evaluate medel{test¥, predictions_tuned_xgbecst['p
L(f " Tuned XGBoost:™)

tiF {mee_tuned_xgboost})

L(F'RMSE: {rmse_tuned_xgboost}")

E{F MAPE : {mape_tuned_xgboost}')

print (F*R*2: {r2_tuned_xgboost}")

nse_tuned_ada, rmse_tuned_ada, mape_tuned_ada, r2_twied_ada = evaluste_model(testy, predictions_tuned_ada[predictic
L(f " Tuned AdaBoost:")

L(F {mse_tuned_zda}”
L(FURMSE: {rmse_tuned_ada
E(FMAPE: {mape_tuned_ada)
nt(FUR"2: {r2_tuned_sda}")

pr

nse_tuned_dt, rmse_tuned dt, mage_tuned_d
= -Lif-'T_-u-n. Decision Tree:")
{mse_tuned_dt}")

Ltf- RUSE: {rmse_tuned_dt}”)

, r2_tuned_dt = evaluate_model{testY, predictions_tuned gt[ prediction_

pr Ank (FURA2: {.2 tuned_dt}")

Figure 11: Evaluation of each model

8 Best model

From the evaluation the best model has been selected using this code in figure 12

import matplotlib.pyplot as plt

# Assuming you have already calculated the MSE, RMSE, MAPE, and R2 for each model
# as demonstrated in the previous code. Replace these with your actual values.

model_names = ["Tuned Random Forest', 'Tuned LightG@BM°, ‘Tuned Linear Regression',
‘Tuned Ridge Regression', 'Tuned Lasso Regression', 'Tuned XGBoost',

‘Tuned AdaBoost', 'Tuned Decision Tree']

mse_values = [mse_tuned_rf, mse_tuned_lightgbm, mse_tuned lr, mse_tuned_ridge,
mse_tuned_lasso, mse_tuned_xgboost, mse_tuned_ada, mse_tuned_dt]

rmse_values = [rmse_tuned_rf, rmse_tuned_lightgbm, rmse_tuned_lr, rmse_tuned_ridge,
rmse_tuned_lasso, rmse_tuned_xgboost, rmse_tuned_ada, rmse_tuned_dt]

mape_values = [mape_tuned_rf, mape_tuned_lightgbm, mape_tuned_lr, mape_tuned_ridge,
mape_tuned_lasso, mape_tuned_xgboost, mape_tuned_ada, mape_tunsd_dt]

r2_values = [r2_tuned_rf, r2_tuned lightgbm, r2_tuned_lr, r2_tuned_ridge,
r2_tuned_lasso, r2_tuned_xgboost, r2_tuned_ada, r2_tuned_dt]

# Find the best model based on R+2 (higher is better)
best_model_index = r2_values.index(max(r2_values))

best_model name = model_names[best _model index]

print(f"The overall best model based on R*2 is: {best_model name}™)

Figure 12:Best model code



8.1 Saving the best model
The best model has been saved by a pickle file using pickle library.The code used for that is
in figure 13

import pickle

# Assumed variable name, please change to your actual variable name if it is different
best_model = tuned_lasso

# Save the model to g file
with open('best_model.pkl®, ‘"wb') as f:
pickle.dump(best_model, f)

Iar*in‘t{"Best model saved to best_model.pkl™)

Figure 13:Saving the best model

9 Deployment of web app
Import the liberates for the deployment of the app the stream for the deployment that we use
is Stramlit.(fig 14)

import streamlit as =t

impart plickle

import numpy as np

from sklearn.preprocessing import LabelEncoder

Figure 14:libraries for web app

Then the code for developing the web app using the best model in figure 15.




9.1 Creating a repository in github
By clicking on the create repository with the name of it(fig16).A repository has been made.

Start a new repository for Pranav25072001

A repository contains all of your project’s files,
revision history, and collaborator discussion.

Repository name *

name your new repository...

) Public

Anyone on the internet can see this repository

O Private

You choose who can see and commit to this
repository

Create a new repository

Figure 16: Creating a repository
Add the required text file then the code of the web app(fig 15) the the best model to this
repository(fig 17)

Earthquake-magnitude-prediction Pubiic 5P Pin || & Unwatch 1
¥ main ~ ¥ 1Branch © 0 Tags Q, Gotofile t Add file ~
Pranav25072001 Add files via upload cfoeecd - 2 weeks ago ) 4 Commits
[ best_model (2).pkl Add files via upload 2 weeks ago
[ earthquake_app.py Add files via upload 2 weeks ago
[ requirements.txt Update requirements.txt 2 weeks ago

[T1 README

Figure 17: Adding the files to the repository
Open the streamlit in the browser the interface in figure 18 and on the ring side there will be a
signup button.create the account using the github account.
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Ay Cloud Gallery Components Generative Al Community Docs Blog Signin ‘ Sign up ‘

A faster way to build
and share data apps

Streamlit turns data scripts into shareable web apps in minutes.

All'in pure Python. No front-end experience required.

Try Streamlit now Deploy on Community Cloud (it's free!)

Figure 18:Interface of Streamlit

By clicking the create app after signup connect the repository and give the detail that is
need.This has been shown in the figure 19. By clicking the deploy button the app will be
created.

Deploy an app
Repository Paste GitHub URL

pranav25072001/repo

Branch

master

Main file path

streamlit_app.py

App URL (optional)

.streamlit.app

Advanced settings

Deploy

Figure 19: Repository connection to Streamlit

The interface of the app is in figure 20

Earthquake Magnitude Prediction

Advancing Earthquake Risk Reduction through Machine Learning-Enhanced Early Warning Systems.

Enter Earthquake Data

Latitude

0.000000 - s

Figure 20 The interface of Web app
11



The magnitude prediction of the web app is in figure 21.The output will look like this.

Earthquake Magnitude Prediction

Advancing Earthguake Risk Reduction through Machine Learning-Enhanced Early Warning Systems

Enter Earthquake Data

-13.881400 = &

Longitude

167.158000 - %

Depth (in km)

192.94 - %

Magnitude Type

ML ~

Month

4 -
Day
Predict Magnitude

Predicted Magnitude: 4.94

Risk Category: Moderate Risk

Figure 21: Magnitude prediction
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