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I\/I Otlvatl O n Increase in train accident rates

 Train accidents surged
from 4 to 30 in 2020~23

Current Status of Train
Accidents on the Rise
The most accident Is

HXHALD Sl
« According to the analysis of railway signal
control system failures from 2000 to the last 10

25 years, PMD failures accounted for 27%
VN Development of error prediction model
Y2014 2015 2016 2007 2018 2009 2020 2021 2022 2023 * Predicting the possibility of failure of the track converter to

minimize train accidents

=M nEUE DT B oM E Y XY (www.railsafety.orkr)



Our Solution

Sensor data Al Capabillities

* Huge amount of Sensor data from  Training Al models for error
Point Machine detection and prediction
| l
* Detect anomalies and predict
» Pre-processing unnecessary parts potential failures with high
accuracy

and storing them in the database



ur Solution

Al based
Fallure
Prediction

« Al powered error detection

+ Code +

[1 ort pandas

numpy
pfile

sklearn.model_selection im train_test_split

accuracy_score, precision_score, recall_score, f1_score, classification_report

sklearn.metrics
sklearn.ensemble import RandomForestClassifier, GradientBoostingClassifier
sklearn.preprocessing import MinMaxScaler
tensorflow.keras.models import Sequential
tensorflow.keras.layers rt Dense, LSTM, Dropout

1@ from imblearn.combine import SMOTETomek

preprocess_data(file_path, num_rows=1000)
data = pd.read_csv(file_path, nrows=num_r

data_cleaned = data.dropna(axis=1, how .dropna()

numerical_columns = data_cleaned.select_dtypes(include=[ 'number']).columns
data_cleaned = data_cleaned[numerical_columns]

np.random. seed(42)

y = data_cleaned[ 2

2 X = data_cleaned.drop( 1

Backend

« Storing data
* Integrating Al models with

Dashboard

Frontend

 Maintenance dashboard

balance_and_split_data(X,
scaler = MinMaxScaler()

. .
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PMD Predictive Maintenance

PMD Machine Status

@ Siation 1: M ML, Lusnles 100, Liros

@ Station 2: PMD PMDU20, Events: 100,

Select PMD for Station 1
Manitoring v
elect PMD for Station 2

PMDO20

Station 1: Normal Data
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System Operation Process
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Display on the Maintenance
Worker’s Screen

Al model training for
error detection and
Prediction of PMD

| save PMD
I information

Fast ¥

Cleaning and
Preprocessing Sensor Data

HTTP Req

(RESTful API)
———
A —

HTTP Res
(Restful API)

B —
.
HTTP Res

(FastA
Flask)

Backend Server



'ﬂ pgAdmin 4

File Object Tools Edit View Window Help

Object Explorer & B W Q (| g8public.sensor_data/Point Switch Machine Database Management System/posigres@PostgreSQL 17 X :

. IR RSy e

> [ Foreign Tables & | public.sensor_data/Point Switch Machine Database Manageme... S By

Point Switch Machine g - .

Query Query Histor Scratch Pad X
> 9 Operators el ’ Y e

> {{’} Procedures

1 ~ SELECT * FROM public.sensor_data
2 ORDER BY ewvent_num ASC, event_seq ASC
> 1.3 Sequences

Database Managemen ,

Messages Notifications

> B error_prediction_result — _
e RO vE |2 ~
~ [ sensor_data
pmd_type event_num event_seq as_volt output_n_volt output_r_volt ac_volt ac_curr time_stemp direction start_ts end_ts
S S e m > [§ Columns character varying (255) 4 [PK] integer 4 [PK] integer 4 double precision 4 double precision s double precision 4 double precision 4 double precision 4 double precision 4 character varying (255) s double precision 4 double precision ’
t > ¥4 Constraints PMD0OO1 1 1 0.23 20.4 032 22411 0.06 202311e+16 R [null] Inull]
> if Indexes 2 PMDO0T 1 2 0.23 204 035 227 64 0.05 202311e+16 R [ull] [null]
> {3 RLS Policies 3 PMDDOT 1 3 0.2 20.43 029 22264 0.04 202311e+16 R [nui] [nui]
> Rules
4 PMDOO1 1 4 023 204 038 223.01 0.04 202311e+16 R [null] [null]
» 3+ Triggers _
. 5 PMDOO1 1 5 023 204 029 223.01 0.04 202311e+16 R [null] [null]
» U=} Trigger Functions
S 6 PMDOO1 1 6 023 204 032 2241 0.05 202311e+16 R [nul] [null]
> ypes
v 7 PMDOO1 1 7 023 204 032 22273 0.05 202311e+16 R [nul] [null]
> IeEWS
f h . . h > %2 Subscriptions ] PMDOO1 1 2 023 204 029 222 64 0.06 202311e+16 R [nuil] [null]
Stored sensor data from the point switc " [rvoon . : ot sxzmios
. o ;Ogm_Gmup Roles (18) 10 PMDDO1 1 10 673 2043 029 22283 005 202311e+16 R [null] [null]
~ o /Gro )

I I l aC h I n e & Privatel 1 PMDOO1 1 1 20 2037 032 22273 0.04 202311e+16 R [nui] [nui]
£ pg_checkpaint 12 PMDOO1 1 12 19.94 2037 029 22283 0.04 202311e+16 R [nui] [nui]
£ pg_create_subscription 12 PMDDOT 1 13 19.94 2037 038 223.01 0.05 202311e+16 R [nui] [nui]
& pg_database_owner 14 PMDOO1 1 14 19.94 2034 032 22319 0.05 202311e+16 R [null] [null]

. ; R .

Stored the predicted and detected data s o ] ] o] smere
£ pg_maintain 16 PMDOO1 1 16 19.94 2037 029 22283 0.05 202311e+16 R [nul] [null]

from the fronte nd &= pg_monitor 17 PMDOO1 1 17 15.55 20.37 032 22283 0.05 202311e+16 R [null] [null]
&4 pg_read_all_data 18 PMDOO1 1 18 777 2037 038 22338 0.06 202311e+16 R [nuil] [null]
& pg_read_all_settings 19 PMDDO1 1 19 2086 2037 026 22292 007 202311e+16 R [null] [null]
&3 pg_read_all_stats 20 PMDDO1 1 20 2043 2037 035 22402 005 202311e+16 R [null] [null]

. . . . i, pg_read_server_files 21 PMDO01 1 21 -20.25 20.37 0.29 22432 0.04 202311e+16 R [null] [null]
SUppOrtS real't“ ne tI’aC kl ng and h IStOI’IC8.| £k pg-signal_backend 22 PMDOD1 1 22 -2031 204 032 22273 0.05 202311e+16 R [nul] [nui]
. & pg_stat_scan_tables 23 PMDOO1 1 23 -21.01 1.88 032 22026 038 2.02311e+16 R [null] [null]

d a_ta an alyS | S . £a pg_use_reserved_connections 24 PMDO01 1 24 -20.86 0.2 0.29 207.9 1068 2.02311e+16 R full] [null]
& pg-write_all_data 25 PMDDO1 1 25 -20.09 02 038 207.08 1011 202311e+16 R hall) [null]
o, pa_write_server_files
&, postgres Total rows: 1000 of 497649  Query complete 00:00:01.008 Ln 1, Col 1

=. Q, Search




High Level Design

Dashboard Inerface

i

User Input Send Data

Display Results

Backend {Python, Flask, Nodo.js)

Conbrgl Samulation

Process the sensor data

Detect anomaly/abnormal data
Predict the anomaly/abnormal data
Capable of early fault detection.

Store results in backend server.

Run Modol

Trigger Data Processing

Machine Loarning Modal

event_num_x time_stemp_x event_seq_x

Predictons

Processod Data

N

Simulated Envirpnmaent

Gaenorate Synthetic Data

Synthetic Sensor Data Geonerator

Store Synthetic Data

Synthete Sensor Data

Proprocessing

DEMS

Retrieve Histarical Data

Data Processing

as_volt_x \

Send Processed Data

1.816853e+87 1.816853e+87 1.816853e+87 1.816853e+87
9.704890e+03 2.023004e+16 1.300289e+02 3.082762e-17
8.850614e+@3 3.106145e+12 7.996915e+81 1.000880e+80 = R PR e =
1.000060e+00 2.022110e+16 1.000000e+68 -1.213267c+80
3.255080e+@3 2.023@32e+16 6.400000e+01 -1.044030e+80 I M e St
5.885000e+03 2.023053e+16 1.280000e+02 -1.520451e-03 S0 D oy S SeleL oM Py mn
1.414860e+04 2.023071e+l6 1.920000e+02 1.036490e+00 PADOOS FMD002 Maintenance tation -2
3.237600e+04 2.024023e+16 6.430000e+02 8.655781e+01 S SR
Maintenance Station 3-4
output_n_volt_x output_r_volt_x ac_volt_x ac_curr_x \ Pubool ® B0 ® i)
1.816853e+87 1.481592e+07 1.816853e+07 1.816853e+87 i ke e iy i
1.26192@e-16 1.663569e-16 -6.79306%9e-14 -2.555865e-15
1.060000e+00 1.000000e+00 1.000000e+00 1.000000e+00 ’
-3.748750e+080 -3.207985e+80 -4.351476e+08 -1.493761e+00
-6.683628e-02 -1.739619e-81 -5.847566e-01 -1.138861e-01 station 1: Normal Data sation 2 Norma Data
-4.892199e-02 -1.739619e-81 -3.284598e-02 6.540876e-02 - [ vetoge [ Curront - [ vege ] Currn
-1.730854e-82 -1.604533e-81 6.213222e-01 2.401433e-01 - -
1.178197e+02 4.916917e+02 6.883285e+02 3.373299e+82 s s
0045 0048
start_ts end_ts event_seq_y as_volt_y \ 0040 0044
.179011e+06 4.179@11e+06 8.0 e.e B S o s o T T T 131\11';\s:;\ef;ﬂ\:;qs:;_ﬁ ir‘:q_sﬁz;ﬂg;«ﬁis:gi; o
.023137e+16 2.823137e+16 NaN NaN
.556833e+12 2.556836e+12 NaN NaN
.823012e+16 .023812e+16 VE NaN Station 1: Abnormal Data Station 2: Abnormal Data

-823e81le+le
-823881e+16
.92308le+l6

.©23e8le+16
.023e8le+16
.02368le+16

NaN NaN
\EL NaN
NaN NaN




# Step 3: Build LSTM Autoencoder
def build lstm autoencoder(input_dim):
model = Sequential(][
LSTM({128, activation="relu', input_shape=(input_dim, 1), return_sequences=True).

Dropout(8.3), Metadata not available for detected anomalies.
LSTM(64, activation="relu’, return_sequences=False), Model Performance Metrics:
Dense(64, activation="relu'), Accuracy: 8.96298

Dense(input_dim, activation="sigmoid") p r 3 p. 02178
reclslon. .

D

model.compile(optimizer="adam’, loss="mse') Recall: @.594328
return model F1 Score: ©.96214
# Random Forest Classifier Classification Report:
rf model = RandomForestClassifier(random state=42, n jobs=-1) precision recall fl-score  support
rf model.fit(X train, y train)
rf _preds = rf_model.predict proba(X test)[:, 1] ° 9.9458>  @.98251  ©.%0302 1422
- - — - 1 8.98178 8.94328 B.96214 1428
# Deep Neural Network (DNN) accuracy B.96298 2857
def build_dnn{input_dim): macro avg 8.96362 ©.96289 B.96288 2857
model = Sequential([ weighted avg  ©.96361 ©.96290 ©.96288 2857
Dense(256, activation="relu’, input _dim=input_dim),
Dropout(8.4),
Dense(128, activation="relu'),
Dropout(8.4), Abnormal Data Detected:
Dense(1, activation="sigmoid") Number of Abnormal Data: 1372
1) Abnormal Event Numbers: [4, 8, 11, 13, 15, 16, 17, 19,

model.compile(optimizer="adam', loss='binary_ crossentropy’, metrics=[ "accuracy’])
return model



# Step 2: Function to prepare sequence data

det create seguences{event _nums, window size=3):

# Step 3: Prepare the data 2251
window size = 3 # Predict the next event based on the past 3 events 1768
X, v = create sequences{abnormal event numbers, window size) _ _
X = X.reshape((X.shape[@], X.shape[l], 1)) # Reshape to match LSTM input format 5185
# Split data into training and testing sets 24168

X _train, X _test, y_train, y test = train_test split(X, y, test size=8.2, random state=42)

5397

# Step 4: Build the LS5TM model

def build lstm model({input shape):
model

LSTM(64, activation='relu’, input shape=input shape),

Drnpﬂut(E.E}J

Dense(32, activation="relu’),

Dense(l) # next event num

1)

Sequential(]

model .complle{optimizer="adam’, loss="mse’', metrics=[ mae’])
return model

# Create and train the model
model = build lstm model{(X.shape[1l], 1))
print( start the learning model...™)

history

model.fit(X train, y train, epochs=58, batch size=128,

2286
1773
511a
2415
54@2

Top Predicted Error Events:

event _num x error_prob

0.8/880a
0.8/880a
0.817952
0.802508
8.75966/



Frontend

User Interface
Real-time monitoring

Display detected errors.

Alert maintenance worker about the

error

Visualizes predicted failure data and

historical trends.

Select PMD for Station 1
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TIMESTAMP

2024-12-18 123257
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Backend

User [Rleact jg Dashboard)

FastAF! [Fython)

Node.js RESTiul AP

Postgre50L Database Preprocessing Module

Requesi Predictions

e

Prediction Model

Fake Data Generator

Cuery Predicion Resulis i
. 2 - ; -

. : [Rs:ﬁuhs Found]

Rsturn Presficion Resulis :

Receive request
Handle the request 5 S e s e
o Data storage
o Data retrieval B

Storing Al prediction data

Processing data

Felch Simulasion Date

Raturn Resl-Time Data . i

Listen to Al request and update collection : ;
data
Providing data to Frontend



Backend Code Files

File Edit Selection View Go Run Terminal Help 2 FaultForce_Failure_prediction_dashboard (3) mDoDBE0 - ] >
Ii_"j EXPLORER 5 serverjs apppy X App.tsx SensorLineChart.tsx D~ ®O MmN O -
~ FAULTFORCE_FAILURE_PREDICTION_DASHBOARD (3) [3 B2 © & FaultForce Failure_predi.. > JS senv  FaultForce_Failure_prediction_dashboard > backend > app.py * ..
“ FaultForce Failure_prediction_dashboard import express | from flask import Flask, request, jsonify
S Eacken import cors fre from flask_sqlalchemy import
~ models import pg from from sqlalchemy import create engine, Column, Integer, 5tring, Double, PrimaryKeyConstraint
_ __ from sqlalchemy.ext.declarative import declarative base
= Istm_event_num_prediction_modelths . : : L
C { Pool } from sqlalchemy.orm import sessionmaker
= random_forest_model1.pk import joblib
app.py import tensorflow as tf
» node_modules const app = exp import os
[/} ~ public const PORT = 5€ import numpy as
- from flask_cors import CORS

~ components
~ Dashboard
~ Charts
ChartContainer.tsx
SensorLineChart.tsx
» Status
~ Tables
TableContainer.tsx
TableHeader.tsx
PredictionTable.tsx
~ Layout
Header.tsx
Sidebar.tsx
~ hooks
useMaintenanceRecords.is
usePredictions.ts
useSensorData.ts
~ types
index.ts
~ Utils
constants.ts
formatters.ts
App.tsx
index.css
main.tsx
vite-env.d.ts
= .gitignore
eslint.config.js
> index.html
{} package-lockjson
{} packaoeison

> OUTLINE
» TIMELINE
3 | #94” Launchpad Codelogether & 0A 0D 17

# BLACKBOX Chat & CyberCoder

L

38

app.use(cors())
app.use{express

const pool =
user: “postgr
host: “localk
database: "Pc
password: "Be

port: 5432,

1)

pool . connect()
-then{() =>» ¢
.catch((err)

app.get("/", (

res.send( "Hel

1);

app.listen(PORT
console.log("

1);

Improve Code  Sourcery Share Code Link

B O a o

app = Flask{_ name )
CORS (app, supports_credentials=True)

app.config[ "SQLALCHEMY DATABASE URI'] = 'postg
app.config[ "SQLALCHEMY TRACK MODIFICATIONS'] =

engine = create_engine{app.config[ 'SQLALCHEMY DATABASE URI'])
Session = sessionmaker({bind=engine)
session = Session()

1stm_model path = os.path.join( 'models", ‘lstm_event num_prediction_modell.h
1stm_model = tf.keras.models.load model(lstm_model path, compile=False)

)

LA

rf_model path = os.path.join( 'models’, 'random_forest_modell.pkl")
rf_model = joblib.load({rf_model path)

Base = declarative base()

class SensorData(Base):
__tablename__ = 'sensor_data

pmd_type = Column(String(255), nullable=False)
event_num = Column{Integer, nullable=False)}
event_seq = Column{Integer)

as_volt = Column(Double)

output_n_volt = Column{Double)

output_r volt = Column{Double)

ac_volt = Column(Double)

ac_curr = Column({Double)

time stemp = Column(Double})

direction = Column{String{255))

start_ts = Column{Double)
end_ts = Column{Double)

Search Emmor Ln 176, Col 35 Spacez4 UTF-8 CRLF {} Python

ORI _

" 0w QBB @9 9

- - —

resql://postgres:B888@localhost: 543

2

fPoint Switch Machine

Activate Windows
Go to Settings to activate Windows.

A 2o W

1:16 PM
12/18/2024

3.11.9 (Microsoft Store) @ Go Live 4 Al CodeChat [



RESULTS

Successfully trained and validated Al models.
Backend systems operational.
Fake data simulation Ul developed for real-time visualization.

Early fault notifications reduce maintenance downtime and
accident risks.



Dast Gem

(i) localhost

Select PMD for Station 1

PMDOO1

PMDOO1

Events Errors
12 2

Station 1: Normal Data

Station 1: Abnormal Data

Proj

W vite

-]

balt.

®

# Railw r_L] s f Inbo

# Railv ican I

PMD Predictive Maintenance

Select PMD for Station 2

PMDO02
PMD002
Events Errors
12 1
Station 2: Normal Data
L
44

Station 2: Abnormal Data

fulll = pPro| W vit{ & boll B Rail [ vit ( t inb B Rail [§ vit Im

(i) localhost

PMD Predictive Maintenance =

) Z2 Maintenance Stations
Select PMD for Station 1

PMDO006

£# Maintenance Stations Select PMD for Station 2

) . PMDO13 Maintenance Station 1-2
Maintenance Station 1-2

18 PA

Maintenance Station 3-4
21 PMDs

Maintenance Station 3-4
21 PMDs

PMDO0O06 PMDO13

Events

21 Maintenance Station 5-6
17 PMDs

Events

28

Maintenance Station 5-6
17 PMDs

Station 2: Normal Data

Station 1: Normal Data

m— L L m—

Station 1: Abnormal Data Station 2: Abnormal Data




1 Real Time Monitoring:

* Integration with real-time sensor data for live
updates.

N EX I 2 Risk Level Development:
* Provides more granular notification to maintenance

personnel by separating risk levels

3 Complete Database Integration:

* Integration with the bigger PMD sensor database

4 Ul Enhancement:

« Add more functions and individual power graphs for
Voltage and Current in the Prediction Dashboard



THANK YOU
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