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1 System Requirements for Accident Prevention and

Insights

1.1 Hardware Requirements

Processor: Intel Core i5 or equivalent (minimum), Core i7 or equivalent (recommended).
RAM: 8 GB (minimum), 16 GB (recommended for faster processing)
Storage: 256 GB SSD (minimum), 512 GB SSD or higher (recommended)
Network: Stable internet connection for downloading libraries and datasets.

1.2 Software Requirements

Operating System: Windows 10/11, macOS, or Linux (Ubuntu 20.04 or higher).
Python Version: Python 3.8 or higher
Jupyter Notebook, VSCode, or PyCharm (preferred for development and testing)
Visualization Tools: Matplotlib and Seaborn (for data visualization).

2 Implementation

2.1 Import Libraries

Key Libraries: Imports required libraries for data processing, visualization, PCA, and
regression models (e.g., Pandas, Matplotlib, Scikit-learn).
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2.2 Load and Clean Data

Load Data: Reads the dataset from an Excel file.Then clean Data which Removes ir-
relevant rows, renames columns, handles missing values, and converts numeric fields for
aggregation and analysis.

2.3 Drop NA and Aggregate

Drop NA: Removes rows with missing values in critical columns (Total Accidents, Per-
sons Killed). and aggregate groups data by year and sums up numeric columns for trend
analysis.

2.4 Annual Trends with Percentage Change

Year-on-Year (YoY) Analysis: Computes percentage change in total accidents.Visualization
combines line and bar plots to show accident counts and growth rates over years.

2.5 Accident Severity Trends with Area Plot

Data: Plots trends of different accident severities (Fatal, GI, MI, NI) over years using a
stacked area plot.
Insight: Highlights the contribution of each severity type to total accidents.
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2.6 Correlation Calculation

Correlation Calculation: Computes the correlation matrix for numerical columns in the
dataset.
Heatmap Visualization: Displays a heatmap to identify relationships between variables
using color intensity.

2.7 PCA

Data Preparation: Selects numerical columns and standardizes them using Standard-
Scaler. PCA: Applies Principal Component Analysis to reduce dimensions while re-
taining 95% variance.Thomas et al. (2024) Variance Visualization: Plots individual and
cumulative explained variance for principalcomponents.
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2.8 Time Series Handling

Missing Data: Fills missing values using forward fill in the Total Accidents column.
Grouping: Aggregates total accidents by year for time series analysis.

2.9 Stationarity Check (ADF Test)

ADF Test: Checks stationarity of Total Accidents.
Differencing: Applies differencing to transform non-stationary data into stationary.

2.10 Auto-SARIMA Model

Auto-ARIMA: Automatically selects the best SARIMA model orders for Total Accidents.
Output: Displays optimal seasonal and non-seasonal parameters.Krishna et al. (2023)

2.11 Data Preparation and Modeling

Standardization: Scales PCA features to normalize data for modeling.
Train-Test Split: Splits data into training and testing sets (80-20).
Model Selection: Includes Random Forest, Decision Tree, Gradient Boosting, and KNN
regressors.
Hyperparameter Tuning: Performs Grid Search for optimal parameters (e.g., for Random
Forest and Gradient Boosting).
Metrics: Calculates MSE, RMSE, and MAPE to evaluate model performance.
Best Model: Selects the model with the lowest RMSE for predictions.
Display Results: Prints performance metrics and top 10 predictions (reverse log-transformed).
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2.12 Model Evaluation and Visualization

Results DataFrame: Converts model performance metrics (MAPE, MSE, RMSE) into a
structured DataFrame for visualization.
Plotting Metrics:Creates bar plots for MAPE, MSE, and RMSE across models and an-
notates bars with exact metric values for better readability.Choudhary et al. (2024)

2.13 Accident Prevention Assistant (LLM-based)

Initialization: Loads a knowledge base and sets up a BERT-based question-answering
pipeline.
Context Handling: Splits large knowledge bases into manageable chunks for better ac-
curacy.
Answer Questions: Processes user queries, finds relevant answers from chunks, and
provides detailed explanations.
User Interaction: Continuous loop to take user inputs, fetch answers, and display confid-
ence scores with context snippets.
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2.14 Save the LLM Model

Model Initialization: Loads the AccidentPreventionLLM with a specified knowledge base.
Model Saving: Uses Python’s pickle to serialize and save the LLM instance into a file
(accident prevention llm.pkl) for future use.

2.15 Simulated Response System

Response Logic: Simulates responses based on accident severity in prompts (e.g., fatalities
vs. overall trends).
Interactive Assistant: Allows users to input criteria (vehicle type/year) to fetch filtered
insights.
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