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1 Introduction

Your first section. Change the header and label to something appropriate. This document
explains the environment setup required to run an LSTM-based model project that classifies
and mimics driver behaviour. The hardware, software, data sets, and model training steps are
explained step by step. By following these steps, it is possible to set up and run a system that
recognises aggressive, normal, and drowsy driving behaviour from scratch.

2 System Specifications

Computer Name: METE
Operating System: Windows 11 Home 64-bit (10.0, Build 26100)
Language: English (Regional Setting: English)
System Manufacturer: LENOVO
System Model: 83AQ
BIOS: KZCN34WwW
Processor: 13th Gen Intel(R) Core(TM) i7-13700H (20 CPUs), ~2.4GHz
Memory: 16384MB RAM
Page file: 21025MB used, 21722MB available
DirectX Version: DirectX 12

Figure 1. Computer hardware information
Device

Name: NVIDIA GeForce RTX 4050 Laptop GPU
Manufacturer: NVIDIA
Chip Type: NVIDIA GeForce RTX 4050 Laptop GPU
DAC Type: Integrated RAMDAC
Device Type: Full Display Device
Approx. Total Memory: 13982 MB
Display Memory (VRAM): 5921 MB

Shared Memory: 8061 MB
Figure 2. GPU specifications



(tf_gpu38) C:\Users\meted>python
Python 3.8.20 (default, Oct 3 2024, 15:19:54) [MSC v.1929 64 bit (AMD64)] :: Anaconda, Inc. on win32
Type "help", "copyright", "credits" or "license" for more information.

>>> import tensorflow as tf

>>> print(tf.__version__)

2.10.0

>>> print("GPU Available:", tf.config.list_physical_devices('GPU'))

GPU Available: [PhysicalDevice(name='/physical_device:GPU:0', device_type='GPU')]

>>> print(device_lib.list_local_devices())

2025-08-10 01:21:49.820092: I tensorflow/core/platform/cpu_feature_guard.cc:193] This TensorFlow binary is optimized wit

h oneAPI Deep Neural Network Library (oneDNN) to use the following CPU instructions in performance-critical operations: AVX AVX2
To enable them in other operations, rebuild TensorF with the appropriate compiler flags.

2025-08-10 01:21:50.92187@: I tensorflow/core/common_runtime/gpu/gpu_device.cc:1616] Created device /device:GPU:® h 3

425 MB memory: -> device: ©, name: NVIDIA GeForce RTX 4850 Laptop GPU, pci bus id: ©0@©:01:00.8, compute capability: 8.9
[name: "/device:CPU:0"

Figure 3: Python environment and TensorFlow GPU configuration output

Figure 1. This image displays the basic specifications of the computer. It is running Windows
11 Home operating system, an Intel Core 17-13700H processor, and 16 GB of RAM.

Figure 2. This image shows the graphics card used in the computer. It has an NVIDIA
GeForce RTX 4050 Laptop GPU with 5921 MB VRAM capacity. This GPU was used to
shorten the training time of the model and speed up the processes.

Figure 3. This image shows that TensorFlow recognises the GPU in the Python environment.
Python 3.8.20 and TensorFlow 2.10 were used. When setting up this environment, the CUDA
and cuDNN libraries suitable for the TensorFlow version were also installed. Thus, the
project was prepared to run smoothly with GPU support.

3 Dataset specification

I D1 10/08/2025 01:35 File folder
D2 10/08/2025 01:35 File folder
D3 10/08/2025 01:35 File folder
I D4 10/08/2025 01:35 File folder
D5 10/08/2025 01:35 File folder
I D6 10/08/2025 01:35 File folder
W uah driveset reader 10/08/2025 01:35 File folder
B LICENSE 10/08/2025 01:35 File

B README 10/08/2025 01:35 File

Figure 4. Drivers

I 20151110175712-16km-D1-NORMAL1-SECON... 1:35 File folder
I 20151110180824-16km-D1-NORMAL2-SECON... 10/08/2025 01:35 File folder
I 20151111123124-25km-D1-NORMAL-MOTOR... 10/08/2025 01:35 File folder
I 20151111125233-24km-D1-AGGRESSIVE-MOT... 10/08/2025 01:35 File folder
B 20151111132348-25km-D1-DROWSY-MOTOR... 10/08/2025 01:35 File folder

I 20151111134545-16km-D1-AGGRESSIVE-SEC... 1:35 File folder

I 20151111135612-13km-D1-DROWSY-SECON... 10/08/2025 01:35 File folder

Figure 5. Driving Records for a Sample Driver



B EVENTS_INERTIALtxt 10/08/2025 01:35 Text Document 1KB
B EVENTS_LIST_LANE_CHANGES.xt 10/08/2025 01:35 Text Document 1KB
[ ] EVENTS_LIST_LANE_CHANGES. txt~ 10/08/2025 01:35 TXT~ File 1KB
B PROC_LANE_DETECTION.txt 10/08/2025 01:35 Text Document 402 KB
B PROC_OPENSTREETMAP_DATA txt 10/08/2025 01:35 Text Document 10 KB
. PROC_VEHICLE_DETECTION.txt 10/08/2025 01:35 Text Document 123 KB
B RAW ACCELEROMETERS. txt 10/08/2025 01:35 Text Document 419 KB
. RAW_GPS.txt 10/08/2025 01:35 Text Document 38 KB

. SEMANTIC_FINAL.txt 10/08/2025 01:35 Text Document 1 KB

. SEMANTIC_ONLINE. txt 10/08/2025 01:35 Text Document

Figure 6. Files for a Sample Driving Records File

Figure 4. Main driver folders in the data set. Each folder contains data from a different driver.

Figure 5. Different driving records for a sample driver. Folder names contain information
about the date, distance, type (Normal, Aggressive, Drowsy) and road type of the drive.

Figure 6. Data files contained in a selected driving record. Here, raw sensor data
(RAW_ACCELEROMETERS.txt, RAW_GPS.txt) and processed data (PROC * files) are
found. Additionally, event lists related to the driving scenario and road information are
included.

The UAH-DriveSet data set was used in this project. The data set contains real sensor data
collected from the driving of different drivers in various scenarios. Each driver folder
contains multiple driving records. In each driving record, information such as accelerometer,
GPS, lane change, and vehicle detection is stored in separate files. Within the scope of the
project, these files were merged into a single dataset, and this combined dataset was used in
the analyses. The dataset is publicly available and can be downloaded from
http://www.robesafe.uah.es/personal/eduardo.romera/uah-driveset/

4 Project Development

4.1 Libraries

import glob

import os

import random

from collections import defaultdict

import numpy as np

import pandas as pd

import matplotlib.pyplot as plt

import seaborn as sns

from geopy.distance import geodesic

from scipy.stats import randint

from sklearn.ensemble import RandomForestClassifier

from sklearn.metrics import accuracy score, average precision_score, classification_report, \
confusion_matrix, fl_score, precision_score, recall score, roc_curve, auc, precision_recall curve

from sklearn.model selection import RandomizedSearchcv, train_test split

from sklearn.neighbors import KneighborsClassifier

from sklearn.preprocessing import LabelEncoder, MinMaxScaler, label_binarize

import tensorflow as tf

from tensorflow.keras.callbacks import EarlyStopping, ReducelLROnPlateau

from tensorflow.keras.layers import LSTM, Dense, Dropout, Bidirectional, ConvilD, MaxPoolinglD

from tensorflow.keras.models import Sequential, load model

Figure 7. Shows the libraries that are used in the project

Figure 7. Python libraries used in the project. The necessary packages for data processing,
visualisation, machine learning, and deep learning are included.



4.2 Data Merging

Figure 8 & Figure 9. This code scans all driver folders and driving sessions in the data set and
reads the accelerometer (RAW_ACCELEROMETERS.txt) and GPS (RAW_GPS.txt) data.
The data is matched based on the time column and combined into a single table. For each
record, the driver ID, session name, road type, and total distance information are added. All
sessions are combined and stored in the all drive data.csv file.

# Root directory of the extracted dataset
root_dir = "./UAH-DRIVESET-v1"

# Store merged data for all sessions

all_sessions =

# Loop through each driver folder (D1 to D6)

for driver_id in renge(1, 7):
driver_folder = os.path.join(root_dir, £"D{driver_id}")
if not os.path.exists(driver_folder):

continue

# Loop through each driving session

for session_path in glob.glob(os.path.jein(driver_folder, "*")):
accel_path = os.path.join(session_path, "RAW_ACCELEROMETERS.txt")
gps_path = os.path.join(session_path, "RAW_GPS.txt")

print(f"Processing session: {session_path}")

if o0s.path.exists(accel_path) and os.path.exists(gps_path):
try:
# Read accelerometer data
accel df = pd.read csv(accel path, sep="\s+", header=Nene, engine='python')
gps_df = pd.read_csv(gps_path, sep="\s+", header=None, engine='python')

if accel df.shape[1] ¢ 4:

raise ValueError("RAW_ACCELEROMETERS.txt has insufficient columns")
if gps_df.shape[l] < 5:

raise ValueError("RAW_GPS.txt has insufficient columns")

# Format accelerometer columns
accel_df = pd.concat([accel_df.iloc[:, @], accel_df.iloc[:
accel df.columns = ["time", "accel x", "accel y", "accel z"]

-3:]], axis=1)

# Use correct GPS columns (time, speed, latitude, longitude)
gps_df = gps_df.iloc[:, [0, 1, 2, 3]]
gps_df.columns = ["time", "speed”, "latitude”, "longitude"]

# Round time for merging
accel df["time"] = accel df["time"].round(2)
gps_df["time"] = gps_df["time"].round(2)

# Merge on time
merged df = pd.merge_asof(accel df.sort values("time"),
gps_df.sort_values("time"),
on="time", direction="nearest", tolerance=0.05)

merged_df .dropna(inplace=True)

if not merged_df.empty:
merged_df[ 'driven' §
merged_df[ 'session'] = os.path.basename(session_path)

"D{driver_id}"

# Extract road_type from session name
session_name = merged_df| 'session’].iloc[0]. lower()
if "motorway” in session_name:
merged_df['road type'] = "MOTORWAY"
elif "secondary" in session_name:
merged_df['road_type'] = "SECONDARY"

else:
menged_df['road_type' | = "UNKNOWN"

# Calculate distance in km
coords = list(zip(merged_df[ 'latitude' ], merged_df['longitude']))
total_distance = sum(geodesic(coords[i], coords[i + 1]).km for i in range(len(coords) - 1))

merged_df[ 'distance_km'] = round(total_distance)
all_sessions.append(merged_df)
axcept Exception as e:
print(f"Error in session {session_path}: {e}")
continue
print(f'Total valid sessions collected: {len(all_sessions)}")
# Save final dataset
if all_sessions:

final_dataset = pd.concat(all_sessions, ignore_index=True)

# Reorder columns
final_dataset = final_dataset|

“time", “accel _x", "accel_y", "accel_z",
“latitude”, “longitu d,
“driver", sion”, _type", “"distance_km"

print(“Final dataset shape:", final_dataset.shape)
final_dataset.to_csv("all_drive_data.csv", index=False)
print("Dataset saved as all_drive_data.csv")

alse:
print("No valid session data found.")

Figure 8, 9. Data Merging Process
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4.3 Machine Learning Models

# Train and evaluate Random Forest model

rf = RandomForestClassifier(n_estimators=18@, random state=z42)
rf.fit(X_train, y _train)

y_pred_rf = rf.predict(X_test)

Figure 10. Random Forest Train

# Define feature columns

features =
‘accel _x', 'accel y', 'accel z°,
‘speed', 'speed_delta’,
"jerk_x", 'jerk_y', 'jerk_z', 'jerk_magnitude',
'accel_magnitude', 'accel_magnitude_roll _var',
‘accel_x_rell', 'accel_y roll', 'accel z roll’,
'speed _roll', 'speed stability’

Create feature matrix X and label vector y
df[features
df['label’

e
o o

# Normalization

# Scale features to range 8, 1]
scaler = MinMaxScaler()

X_scaled = scaler.fit_transform(X)

# Test and Train

# Split the data into training and testing sets

X_train, X _test, y train, y test = train_test split(
X_scaled, y, test_size=0.2, stratify=y, random_state=42

)

# Train and evaluate K-Nearest Neighbors model
knn = KNeighborsClassifier(n_neighbors=5)
knn.fit(X_train, y_train)

y_pred_knn = knn.predict(X_test)

Figure 11. Derived Features and KNN training

Figure 10 & Figure 11. In this section, features consisting of acceleration, velocity, jerk
(sudden acceleration) and their derivatives are defined. The data is scaled between 0 and 1
and divided into training and test sets. Then, two different machine learning models are
applied: K-Nearest Neighbors (KNN) and Random Forest (RF). Both models are trained with
the training data and predictions are made on the test data.

4.4 LSTM Model

Figure 12. The process of creating and training the LSTM-based model. First, balanced data
sets are created and training-test separation is performed. The model starts with Conv1D and
MaxPooling1D layers, followed by bidirectional LSTM layers. Dropout layers are used to
prevent overfitting. Classification is performed in the final layer. Early stopping
(EarlyStopping) is applied during training to preserve the best weights.



# Balanced sequence generation and data separation
def create_sequences_balanced(data, labels, window_size):
class_data = defaultdict(list)
for i in range(len(data) - window_size):
window = data[i:i+window_size]
label_seq = labels[i:i+window_size]
majority label = np.bincount(label_seq).argmax()
class_data[majority_label].append((window, majority_label))

max_len = max(len(v) for v in class_data.values())

balanced_data = []
balanced_labels = []
for label, samples in class_data.items():
if len(samples) < max_len
reps = max_len // len(samples) + 1
samples = (samples * reps)[:max_len]
for window, lbl in samples:
balanced_data.append(window)
balanced_labels.append(1bl)

return np.array(balanced_data), np.array(balanced_labels)

window_size = 75
X, y = create_seqguences_balanced(df[features].values, df[target].values, window_size)
X_train, X _test, y_train, y_test = train_test_split(X, y, stratify=y, test_size=8.2, random_state=42)

# Model definition and training

model = Sequential()

model.add(ConviD(64, kernel size=3, activation='relu', input_shape=(X_train.shape[1], X _train.shape[2])}))
model.add (MaxPoolinglD(pool_size=2))

model.add(Bidirectional(LSTM(128, return_sequences=True)))

model.add(Dropout(©.4))

model.add(Bidirectional (LSTM{64, return_sequences=True)))

model.add(Dropout(©.3))

model.add(Bidirectional(LSTM(32)))

model.add(Dense(3, activation='softmax'))

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

callbacks = [
EarlyStopping(
monitor='val_loss’,
patience=3,
min_delta=0.815,

restore_best_weights=True

history = model.fit(X_train, y_train, epochs=18, batch_size=32,
validation data=(X test, y test),
callbacks=callbacks, verbose=1)

Figure 12. LSTM Model
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