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Dineshkumar Lingapandiyan

Introduction:

X22225498

High-frequency data forecasting presents challenges due to noise and complexity. This research

focuses on hybrid deep learning smoothing models to enhance prediction accuracy and robustness in

dynamic environments.

1. System Requirements:

Having the right hardware and software resources is essential to ensuring effective model processing

and reducing the amount of time needed.

Hardware Requirements:

An Acer Aspire 7 is used for the implementation, and it has the following configuration.
Intel(R) Core (TM) i5-12300H CPU @ 3.30GHz

32.00 GB (19.84 GB usable)

1. Processor:

2. RAM:
3. Hard Disk:
4. OS

256GB SSD, 1 TB HDD
Windows 11 Pro 64 — bit

Software Requirements: The software, libraries, and tools listed below were installed and set

up on the system prior to the start of the model construction phase.

Software/Tools

Version

Information

Python

In this project, Python is utilized to
create the model.

Anaconda

The data science community favors
Anaconda because it provides
features for managing libraries,
deploying models, and
computational work in a Windows-
friendly interface.

Pandas

It works especially well with tabular
data, like that found in databases or
spreadsheets.




NumPy

Developed in 2023, NumPy is an
open-source program used to solve
complex mathematical problems in
data.

Sci-kit Learn

Data preprocessing, regression, and
classification are among the activities
that this package is used for. Python
Machine Learning with Scikit-Learn
— scikit-learn 0.24.2 docs, 2023.

TensorFlow

This library is Ideal for building
scalable hybrid deep learning models
with extensive tools for deploying on
various platforms. (2.17.1)

2. Implementation:

This part contains a comprehensive explanation on how to execute the project on any

Windows system.

1. Install the Anaconda software on your Windows computer after downloading it.

(https://www.anaconda.com/products/individual)

1) ANACONDA NAVIGATOR

2.Launch Anaconda's Jupyter Notebook Lab.



https://www.anaconda.com/products/individual
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3. Click on the new notebook (python 3) after launching the Jupyter notebook Lab.

4. Import each of the necessary libraries into the notebook.

& Feypor € mecessary Libcar-fes

import muempy as rge

import pandas as pd

import matplotlib.pyplet as plt

import seaborn as sns

From matplotlib import roParcams

import neteorkx as nx

import Cime

From sklearn. preprocessing import StandardScalers, OneboUErncoder
From sklsarn. impute import KNMInputer

From sklearn.model selection import KRold

From sklearnomelrics import mean_absolute_error, mean_sgoared ecror
From sklearn.cluster import DESCAM

From tensorflow. keras models import Seguential

From tensorflow. keras . layers import LSTM, ConwviD, Dense, Dropout, BatchMormalization
From tensorflow. keras . callbacks import EarlySbopping

From tensorflow. keras regularizers import 12

From sklearn. preprocessing impost MinMaxScaler

From sklearn.ensemble import RandomforestRegressor

Fros cklearn.meltrics import sean_aboolule_error, Sean_Sgudred ecror
From keras models import Sequential

From keras. layers import LSTH, Dense

From sklearnomodel selection import Crain_test csplit

From imblearn.ower_sampling import SHMOTE

From pykalman import KalmanfFElter

import shap

import tensorflow as ©F

From keras_ twner import Hyperciand

import os

From sklearn. preprocessing impost MinMaxScaler

From sklearnomodel selection import Crain_test splic

From tensorflow. keras models Qimport Model

From tensorflow_ keras . layers import Input, CormvlD, LSTHM, Dense, Flatten, Dropout, Concatenate
From tensorflow. keras opbimizers import Adam

From pykalman import KalmanfFElter

impart matplotlib. pyplot as plt

import seaborn as sns

import plotly . express as px

import plotly.graph_objects as go

From sklearn. preprocessing impost MinMaxScaler

From sklearnomodel selection import Crain_test splic

From tensorflow. keras models Qimport Model

From tensorflow.keras . layers import Input, CorwlD, LSTM, Dense, Flatten, Dropout, Concabenabe
From tensorflow. keras opbimizers import Adam

From pykalman import KalmanfFElter

From statsmodels_ tsa holbuainbters import Exponential Smoocthidng

From statsmodels_ toa acims . model Dmport ARIMS

Ffrom statsmodels graphics.tsaplots import plot_acf, plot_pacs

Fros ctatomodels tom. 14 T 1 dbec omgos e

From sklearnomelrics import mean_absolute_error, mean_sgoared ecror
import math

import warnings




¥ Logd and preprocess The dotaset
impart pandas as p«d

import numpy as np
frod sklearn. preprocessing iapoct MinMaxScaler

from statsmodels.tsa holtwinters import ExponentialSmocthing

from statsmodels tsa.arins.model import ARIMA

from statsmodels.tsa.seasonal import seasonal decompose

from sklearn.metrics import mean_absolute_error, nean_sgquared _error
from sklearn.model_selection import trein_test_split

from pykalman ispoert KalmenFilter

impart math

import matplotlib.pyplat as plt

import seaborn as sns

from statspodels graphics.tsaplots import plot_acf, plot_pact

from tensorflow. keras.models import Hodel

from tensorflow. keras.layers import Input, L5TM, Dense, Dropout, Concatenate, ConvdD, Flatten
from tensorflow. keras.optimizers import Adam

import plotly.graph_objects as go

import warnings

5. Bring in the supplied dataset.

df = pd.read csw('Flight delay.cse')
print{ df.head(})

6. The next action will be To complete the pre-processing step, the following code will be used.
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7. We have used the following code to perform exploratory data analysis and visualization.

8. Data splitting is done following data preprocessing before a model is constructed.



2 Stap 1@ Lodd oed prepeocess The dataset
File path = 'Flight delay.csv’ & Thovge this o the path of pour file
data = pd.read_cavFile path}
& DOt dversiow
PrENT{ DS TasOT Ouwirviina: ™)
2 Porse date and coloulate &0
data['Date’] = g to_datetieo{data) "0ate’ ], dapfirst=True)
= data] AerTisa'] - data]"CRSAeTTisa" |
] = data] SchedulodDelay’ . spply(lasbds »: « IF & = @ clse x 4 2488)

# Select relevant colusns

DayO e, CDepTime’, CAerTiee’, “ScheduledDelay’, Carrierbelay’,
At herelay ', HASDelay ", "SecurityDelay”, LatesErcraftielay”,
"TasiIn®, 'Tashiut’

data = datalcoluns]

# Wormalize data
scaler = PinMaoScalen] )
data_normalited = pd_Datafrase(scaler #5T_transfors(data), colusnimcoluss)

2 Apply seosthing
deF povieg average(serios, windou_lzowSh:
roturn serles. rulling (nindoemnindou_size, mis_periodi=i}.sean(}

smothed_data = data_norsalized.cogy i)
for col i ['Scheduledolay”, "CarrbarDelay’, “weatherDelay', "WASDeliy’. LateAlscraftDelay']:
smonthad_Sata{ £ [col] MA'] = mowing_awerage{seoothed data] ool])

kF = Kalman LITerd EniTial_stane sodne=@, n_dim_cho=1)

for col ia [ 'Schoduledolay”, "CarrlorDelay’, “weathorDela', 'RASDeliy’. Latediscrafthelay ' ]:
STate medns, = kf_seoothiseesthed data[csl] valees restaps!-1, 13}
smonthed_datal ' [col] WF'] = state seens Flatten])

& Stotisticel Models for Forecosting
train size = ENC(E.8 * lisfssoothod_daral)

train_data = Smcothed dara]"Scheosilodbelay ' ][ trakn_size]
Tt _data = sesothed datal ‘SchoduledDolay” [ trads_chze: ]

e forecast = enp_medel Forecast{len(Test_data})

& Correlotion Hesteas

PLt Figurs{Figsize-{12, &)}

correlation satels = sscothed data_coeri(}

s hoatmap(cor relation satris, aneat=Trus, fat=".3F", ceap="coclwars”, lissaidths=8.5)
plt.title( Correlation Meatmap of Yarlables')

PLE showi )

PNt {Smoothed_data. describe 1)

2 Highlight ooy Kigh correlations for farthor onolpsis
high_cerr_pairs = coreelation_satris wnstack() sort_valesc(ascondingsFalse)
high_corr_palrs = high_corre_pabrs[high core pairs © 1.8] & Exclude self-correlation
high_cerr_thrskald = 8.8

prEnt{"wahdghly Correlatid Pairs {Thrashald » 8.5}:7)

prEnt (Bdgh_corr_pairs{high_core gairs > high_corr_threshold])

& ARDMA
arbea model = MEIMA(trabn_data, endors(S, 1, 8Y_FIt()
arbaa_Forecast = aeiea_sddal S TS tese Ll Tost_Satal)

& Prapore SegRCEs For the Ribeld sodl
def create sequences(data, target, s logth=28):
Aoy =101
For § In rarge(len{data) - seq length):
X append(data 11 4 o loegeh])
Foappend[Larget[i 4+ Soq_ losgth])
Futura np_areap (L), . aenay(y)

sequenca_length = 4@
Features = [col for ol s ssootheod data.coluses BF 'MA° Is <ol or "KF' S0 cal)
Ko ¥ = Create_saqunces | smothed data]featunes] . vales, scothiad dats] Scheduledelay | values, saquence laegth)

¥ _traim, % test, y Teain, y Test = trais test splET(X. v, Test sizes@ ), randos statemil)

2 Butld the Mdwid dese Loarming sedel
imput_Layer = Ieput{shapes{_train_shape{i], ¥ train shape[2]})

& Oa Componend

cony_layar = Come D FIlters=ss, hermel sizee3, actbivations"ralu’ ){ingut_lapses)
con_Layar = Drogout{@. 2){cnm_layer)

con_Layer = Flatten]){om_Layer]

& LETM component
Lits Lasr = LSTHIES, returs_sequnces-False){Snput_Liver]
Lits Layer = Droputi(d.2) (lste layer)

& Combine CNN aed! LSTY
combibngd = Comcatimated){[on_layer, Ists Layer])
st _Lagow = Dosia(l, activations'lineae"}{cosbbned)

& Compile the sl
metcl = Podel [ Liput seloput_layer, Sutpusecutpet Loger}
meticl ¢ L [ it il 2 e bS] Lo rate=_BE1), losse'mso’, seteicoe] s’}

& Trais The i id sodel
history = model Fit{
&_trakn, ¥_trakn,
walidation datam(X_test, y_Eest).
pr——
Batoh sizem31,

¥
& Evaloate The hedeld sode!

evaluation = model. evaluate(X_test, y_Gest, warbosesi)
PRENEIFTTest Loss: [evaluation[8]]. Test MAE: [owaluaticn{i]

9. The implementation of hybrid models has been carried out using the following
Code



& ARIMA
arima_model = ARIMA{train_data, order=(5, 1, @)}).Ffit(}
arima_forecast = arima_model.forecasti(steps=len{test_data})

# Prepare sequences for the hybrid model
def create_sequences{data, target, seg_length=18):
%,y = [1s [1
for i im rangellen{data) - =eg_length):
¥.append({datal[i:i + seq_lengthl)
v.append({target[i #+ seq_lengthl)
return np.array{X), np.array(y}

sequence_length = 18
Ffeatures = [col for col im smoothed_data.columns if 'MA" im col or "KF” din col]

¥, ¥ = create_sequences{smoothed_data[ features].values, smoothed_datal "Scheduledbelay’ ].wvalues,

¥_train, X_test, y_train, y_test = train_test_spliti(X, w, test_sizre=0.2, random_state=42)

# Build the hybrid deep Learning model
input_layer = Input{shape=(¥_train.shape[1], *_train.shaps[2]3})}

# CAMW component

cnn_layer = ConvlD(filvers=ad4, kernel_size=3, actiwvation="relu” ){input_layer}
cnn_layer = Dropout{d.2)(cnn_layer)

cnn_layer = Flatten{){cnn_layer)

# LSTM component
l=tm_layer = LSTM{64, return_sequences=False){input_layer)
ls=tm_layer = Dropout{@.2){lstm_lawyer)

# Combine CAMN and LSTM
combined = Concatenate()([cnn_layer, lstm_layer]}
output_layer = Dense{l, actiwvation="linear’}{combined)

# Compile the model
model = Model(inputs=input_layer, outputs=output_layer}
model.compile(optimizer=Adam{learning_rate=2.881), loss="mse’, metrics=["m=ae"])}

# Train the hybrid model

history = model.Fit(
»_train, y_train,
walidation_data={¥_test, y_test),
epochs=5,
batch_size=32,
werbose=1]

# Evalugte the hybrid model
evaluation = model.evaluate(X_test, y_test, verbose=1)
primt(f"Test Loss: {evalustion[®]}, Test MAE: {evaluation[1]}")}

sequence_length)

10. Accuracy is regarded as an evaluation factor following the implementation of the model.

# Advonced Wisuol izotions

& Troining Metrics

plt.figure(figsize=(12, s]}
plt._plot{history.history[ loss ], label-="Training Loss )
plt.plot{history.history['val_loss"], label='walidation Loss')
plt.title( Training and Walidation Loss Ower Epochs™)
Plt.xlabel( Epochs")

plt.ylabel( Loss")

plt.legend()

PLt.grid(]

PLt.show()

# Forecost Comparisocn
plt.fFigure(figsize={12, &3}
plt.plot{test_data_.walues

:Sa], label='"True Values', marker="o

PLlt.plot{exp_ forecast.walues[:58], label='Exponential Smoothing’', marker="3x"}

plt.plot{arima_forecast.wvalues[:5a], label="ARIMA®, marker="s"}

pPlt._plot{y_tast[:5@], label-'"Hybrid Model Predictions’, marker='d")
plt.title(  Forecast Comparison: Statistical Models ws Hwbrid Model’)

plt.xlabel(’ Time Steps’)
Plt.ylabel( Normalized Delay’ )
PLlt.legend(l

PLt.grid(]

PLt.show(]

# Residual Anclysis

residuals = ¥ tTest - model.predicT({X_test).flatten(}
plt.Figure(figsize=(12, )}

plt.plot{residuals, marker="o", linestyle="", label='fkesiduals")
plt.axhline{y=8, color="r", Llinestyle='--', label="Zerc Line’)

plt.titlef Residual Analysis’}
Plt.xlabel( ' Time Steps')
plt.ylabel(’ Residuals”)
Plt.legend(]

plt.grid{]

PLt.show(]

& Error metrics Comparison

exp_mae = mean_absolute_error{test_data, exp_forecast)

arima_mas = mean_absolute_error{test_data, arims_forscast)

hybrid _mase = mean_absclute errcor(y _test, model.pradict(X_testl}

exp_rmse = math.sgrt{mean_squared_error{test_data, exp_forecast})}
arima_rmse = math.sgrt{mean_squared error(test data, arima forecastl)
hybrid _rmse — math.sgrt{mean_sguared_erroc{y _test, model.predict{X Test)l}

metrics_df pd.DataFrameq {

"Model” : ['Exponential Smoothing’, "ARIMA®, "Hybrid Deep Learning’ ].
TMAE ' : [exp_mae, arima_mae, hybrid_mas],
"RMSE": [exp_rmse, arima_rmse, hybrid_rmse]

¥}

print (metrics_df)
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Total Execution Time:The dynamic model took 968.395 seconds to train overall, and 2.875
milliseconds to test the data using the trained model.

The final code files can be found under the heading "Enhancing Time Series Forecasting Accuracy
and Resilience in High-Frequency Data Environments through Hybrid Deep Learning Smoothing
Models" in the "full code on thesis ipynb" files. These files contain all of the experiments and
implementation details.

References

Anaconda. 2021. Anaconda | The World's Most Popular Data Science Platform. [online] Available at:

<https://www.anaconda.com/>.

Numpy.org. 2021. NumPy. [online] Available at: <https://numpy.org/>.
Scikit-learn.org. 2021.

scikit-learn machine learning in Python — scikit-learn 0.24.2

documentation. [online] Available at: <https://scikit-learn.org/stable/>.

10



