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Abstract

With every passing day, our roads are becoming more crowded, and unfortunately, so are the reports of
traffic accidents. As cities grow and more people depend on personal vehicles, the chances of accidents naturally
increase. According to a global survey conducted by the World Health Organization (WHQ), around 1.3 million
people die each year, and 50 million more are injured in road accidents worldwide. These are not just numbers
they represent real people, real families, and real heartbreak. What makes many of these deaths even more tragic is
that they could have been prevented with faster medical help. 1n countless cases, people don’t die because of the
crash itself but because emergency assistance arrives too late. Every minute counts after an accident. If help can
get there just a little faster, a life can be saved, a future preserved. However, traffic congestion and routing issues
often delay ambulances. In busy cities, even emergency vehicles can get stuck or take longer routes. That’s where
this project comes in—with a mission to transform the way we respond to road emergencies. The idea is simple but
powerful: use data to predict where accidents are most likely to happen, and place ambulances nearby so they can
reach the scene as quickly as possible. To do this, the project uses a smart combination of machine learning
models—specifically a technique called Variational Deep Embedding (VaDE) and Linear Regression. VaDE is a
next-generation clustering method that uses deep learning and probability modeling to group accident locations in
a much smarter way than traditional methods. This helps us understand not just where accident happen, but
patterns that might not be obvious at first glance. Then, Linear Regression takes that information and helps predict
the best possible spots to position ambulances, based on past data like how often accidents occur in an area, how
far ambulances usually travel, and how quickly they respond. But it doesn’t stop there. The system also sends real-
time alerts to hospitals and traffic departments when an accident occurs, so traffic can be cleared, hospital staff
can prepare, and ambulances can move without delay. Imagine a world where an ambulance is already just
minutes away from a crash before it even happens that’s the future this project envisions. By combining predictive
analytics, real-time coordination, and proactive planning, this approach can dramatically reduce emergency
response times, giving accident victims the best possible chance of survival. It's not just a technical solution. it’s a

lifesaving mission built on the belief that no one should die waiting for help to arrive.

Introduction

Every day, millions of people hit the road heading to work, school, markets, or visiting loved ones. Roads are
lifelines that connect communities, drive economic activity, and make daily life possible. But behind this constant
movement lies a harsh reality: road travel also comes with serious risks. Road accidents are one of the most tragic and

unexpected events that can happen to anyone. In 2024 alone, India recorded a staggering 4,61,312 road accidents,
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claiming 1,68,491 lives and leaving 4,43,366 people injured, according to a report by the Ministry of Road Transport
and Highways (MoRTH). These aren't just numbers they represent fathers, mothers, children, and friends whose lives
were suddenly changed or cut short. What's even more heartbreaking is that most of these accidents could have been
prevented. Research shows that human behavior is the leading cause of road accidents. Simple mistakes or bad habits
like speeding, using a mobile phone while driving, or not wearing a helmet or seatbelt can have deadly consequences.
Driving under the influence of alcohol, ignoring traffic signals, or falling asleep at the wheel are also common factors
behind many crashes. Many of us, at some point, have been guilty of rushing, being distracted, or taking small risks
on the road, not realizing how dangerous they can be. Changing this mindset is crucial. Road safety isn’t just about
rules and fines it’s about valuing life, being responsible, and caring for others on the road. Through greater awareness,
better driving habits, and a shared sense of responsibility, we can make our roads safer for ourselves and everyone we

share them with.

Ambulances in India

Ambulances in India in India, ambulances are used primarily in three types of situations: during emergencies,
to prompt transfer trauma patients to the nearest medical facilities; for transporting patients to and from their
residences and hospitals; and, for inter-hospital transfers. The most common mode of patient transportation is
a road ambulance, which could be two, three-or four-wheeler vehicles, depending on geographical location,
terrain, and type of emergency. National Ambulance Code (NAC), under the aegis of the Ministry of Road
Transport and Highways (MoRTH), the Government of India (GOI) classified road ambulances for
registration under the provisions of the Motor Vehicle Act, 1988 (MVA, 1988).

Entities Providing Ambulances Services

The Government, Hospitals, Private Companies, Charitable Organizations, Religious Institutions, and
Political parties are a few of the entities that provide ambulance services in India. The Government’s National
Health Mission (NHM) operates National Ambulance Services (NAS) across most states and union territories.
They provide free emergency transportation with the Dial-108 model (Emergency Response System), which
has one ambulance positioned for every 1,00,000 populations. The National Highway Authority of India
(NHAI), GOI has deployed approximately 550 ambulances on national highways. Additionally, it operates the
Incident Management Services, i.e., the provision of an ambulance, a patrol vehicle and a tow-away crane on
national highway stretches of at least 60 km charitable institutions have been at the forefront of providing

ambulance services in India
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Proposed System

VaDE-Based Clustering(VaDE)
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The VaDE-Based Clustering Module forms the foundation of the system, utilizing Variational Deep Embedding
(VaDE) for unsupervised generative clustering. This sophisticated module integrates deep neural networks and
Gaussian Mixture Models to accurately identify accident-prone clusters, providing a robust basis for optimizing
ambulance positioning. In the encoding stage, pre-processed data undergoes transformation into latent representations
using deep neural networks. VaDE encoder network maps input data, such as accident features and locations, into a
latent space—a condensed representation of hidden patterns within the dataset. Following this, the Gaussian Mixture
Model (GMM) is employed to select clusters representing distinct accident scenarios, such as high-speed collisions or
urban congestion. VaDE generates a latent embedding in a lower-dimensional space, encapsulating essential features
of the chosen cluster. This serves as a compressed representation of underlying characteristics, including time of
occurrence, severity, and geographic location. Variational inference is then applied to iteratively refine GMM
parameters and optimize latent representations, balancing accuracy and computational efficiency. The latent
embedding undergoes decoding through a Deep Neural Network (DNN), transforming it back into an observable
format. This reconstructed information guides decisions on strategic ambulance positioning based on historical
accident patterns. The algorithm assigns each historical accident to a specific cluster based on probabilistic clustering
from the GMM, contributing to informed decision-making in ambulance deployment strategies. This cohesive process
ensures the accurate identification of accident-prone areas and informs optimal ambulance placement for efficient

emergency response
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Dynamic Ambulance Deployment

The Dynamic Ambulance Deployment Module is designed to strategically deploy ambulances based on real-time
demand and predictive insights. Targeting a critical five-minute drive time, this module adapts to changing
conditions, continuously optimizing ambulance positions for dynamic emergency response. It aims to ensure timely

assistance in critical situations.

Ambulance Positioning Simulator

Integrating Geographic Information System (GIS), the Ambulance Positioning Simulator provides enhanced
visualization. This module offers a real-time display of optimized ambulance positions on digital maps, facilitating
dynamic route planning considering live traffic conditions. The simulator enhances situational awareness for prompt

and effective emergency responses.

Ambulance Prediction System

The Ambulance Prediction System utilizes a pre-trained Ambulance Deployment Model based on VaDE. This
dynamic system predicts the optimal ambulance for a given incident, considering details such as accident severity and
geographic coordinates. Predicted ambulance dispatch locations are visualized on digital maps, providing valuable

insights for situational awareness.

Real-time Alert System Module

Incorporating a robust Real-time Alert System, the proposed system enables instantaneous communication during
emergencies. This module promptly notifies hospitals and traffic departments, facilitating swift route clearance for
ambulances. The synchronized response contributes to minimizing delays and optimizing overall emergency response
efficiency.
Real-Time Alert System Components
Traffic Department Alert
o Notifies traffic departments promptly, providing real-time incident information for immediate route
adjustments.
Hospital Notification
o Alerts medical facilities about incoming emergencies, enabling timely preparations for patient care.
Intelligent Routing Suggestions
e Integrates with navigation and traffic management systems, suggesting efficient ambulance travel

routes based on real-time conditions.
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System Architecture

A simple architecture as shown in fig:2
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Figure:2 simple architecture

Proposed Algorithm: Al Smart Ambulance System — Build and Train

In building and deploying the Al-Driven Smart Ambulance System for faster emergency response, the following
sequential stages are followed to ensure accurate prediction, efficient clustering, and effective communication with
emergency services.
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Import Dataset

A comprehensive dataset comprising accident-prone zones, historical emergency response times, GPS routes, and
road conditions is collected. This dataset forms the basis for training the VVaDE-based clustering and prediction
modules used in the system.

Preprocessing

The data is cleaned and standardized by handling missing values, normalizing GPS coordinates, and transforming
temporal data. Feature engineering is applied to derive meaningful patterns from raw emergency incident data. Traffic
density and road speed are also normalized.

Clustering with VaDE

The Variational Deep Embedding (VaDE) model is employed to perform unsupervised clustering on accident
hotspots. This helps in identifying high-risk zones using latent space representations and Gaussian mixture models for
enhanced decision-making on ambulance placement.

Feature Extraction

Critical features such as time of day, accident frequency, average ambulance arrival time, and shortest path metrics
are extracted to feed into the prediction and optimization modules.

Classification & Prediction

A supervised learning model is integrated to predict emergency occurrence likelihood and to classify incoming alerts
based on severity. The classifier helps in prioritizing response based on severity score and location risk index.

Build and Train

The system leverages Flask for backend logic, Python for model training, and integrates both VaDE and predictive
classifiers. Models are trained and evaluated using accuracy, F1 score, and clustering purity to ensure robustness in
real-world scenarios.

Deploy Model

The trained system is deployed into the NHAI control center web dashboard. Real-time alerts, GPS tracking, and
ambulance dispatching mechanisms are integrated into the web application, allowing seamless coordination and
improved emergency response efficiency.

Conclusion

In conclusion, the escalating number of traffic accidents worldwide underscores the urgent need for innovative
solutions to improve emergency response times and save lives. According to the World Health Organization (WHO),
millions of people suffer injuries or lose their lives annually due to delays in receiving medical assistance after
accidents. This project proposes a ground-breaking approach to address this issue by leveraging advanced technology
and real-time data analysis. The use of Variational Deep Embedding (VaDE) in conjunction with unsupervised
generative clustering offers a novel method for optimizing ambulance positioning strategies. By identifying high-risk
areas and determining the closest suitable locations for ambulance deployment, this system aims to significantly
reduce response times, potentially making the difference between life and death for accident victims. Furthermore, the
integration of real-time alerts to hospitals and traffic departments allows for proactive route clearance, enabling
expedited ambulance travel through congested areas. Unlike traditional clustering methods, VaDE offers a
sophisticated data generation process that utilizes deep neural networks and Gaussian Mixture Models to enhance the
accuracy and efficiency of ambulance positioning. Ultimately, by ensuring that ambulances are strategically located to

meet maximum demand and can reach accident scenes within a five-minute drive time, this project has the potential to
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revolutionize emergency response strategies and save countless lives. By prioritizing the efficient deployment of
emergency resources and leveraging cutting-edge technology, we can maximize the effectiveness of our response to

road accidents and mitigate the devastating consequences of delayed medical assistance.

Future Enhancement

Integration of Advanced Sensors and loT: Incorporating real-time data from various sources such as traffic
cameras, wearable devices, and vehicle sensors can provide more accurate and detailed information for ambulance
positioning and routing. 10T (Internet of Things) technologies can enable seamless communication between vehicles,
traffic infrastructure, and emergency response systems, enhancing overall efficiency and response times.

Machine Learning for Dynamic Adaptation: Implementing machine learning algorithms that continuously learn
from real-time data can improve the system's ability to adapt to changing traffic conditions, accident patterns, and
population dynamics. This adaptive approach can optimize ambulance deployment strategies in real-time, ensuring
timely response to emergent situations.

Predictive Analytics for Accident Prevention: Utilizing predictive analytics to forecast high-risk areas and potential
accident hotspots can enable proactive measures for accident prevention. By identifying factors contributing to
accidents, such as road conditions, weather patterns, and driver behavior, authorities can implement targeted

interventions to reduce the incidence of accidents and subsequent emergencies.

Reference

1. T.D. Hanawy Hussein, M. Frikha and J. Rahebi, "HARRIS HAWKS OPTIMIZATION FOR AMBULANCE
VEHICLE ROUTING IN SMART CITIES", Eastern-European Journal of Enterprise Technologies, vol. 122,
no. 3, 2023.

2. Chowdhury, S. Kaisar, M. E. Khoda, R. Naha, M. A. Khoshkholghi and M. Aiash, "loT-based emergency
vehicle services in intelligent transportation system", Sensors, vol. 23, no. 11, pp. 5324, 2023.

3. U. Mittal and P. Chawla, "Acoustic Based Emergency Vehicle Detection Using Ensemble of deep Learning
Models", Procedia Computer Science, vol. 218, pp. 227-234, 2023.

4. S.J. Arul, M. B. S, L. S, G. KaliyaperumalSufiyan and J. K. K. A, "Modelling and Simulation of Smart
Traffic Light System for Emergency Vehicle using Image Processing Techniques”, 2023 3rd International
Conference on Innovative Practices in Technology and Management (ICIPTM), pp. 1-4, 2023.

5. M. A. Abdeen, M. H. Ahmed, H. Seliem, T. R. Sheltami, T. M. Alghamdi and M. El-Nainay, "A Novel Smart
Ambulance System-Algorithm Design Modeling and Performance Analysis", IEEE Access, vol. 10, pp.
42656-42672, 2022.

6. T. Darwassh, Hanawy Hussein, M. Frikha, S. Ahmed and J. Rahebi, "BA-CNN: Bat algorithm-based
convolutional neural network algorithm for ambulance vehicle routing in smart cities”, Mobile Information
Systems, vol. 2022, 2022.

7. S. Mahalakshmi, T. Ragunthar, N. Veena, S. Sumukha and P. R. Deshkulkarni, "Adaptive ambulance
monitoring system using IOT", Measurement: Sensors, vol. 24, pp. 100555, 2022.

8. Amrouche, Y. Bentrcia, A. Abed and N. Hezil, "Vehicle Detection and Tracking in Real-time using
YOLOv4-tiny", 2022 7th International Conference on Image and Signal Processing and their Applications
(ISPA), pp. 1-5, 2022.

IJRTI2505247 | International Journal for Research Trends and Innovation (www.ijrti.org)



http://www.ijrti.org/

© 2025 IJRTI | Volume 10, Issue 5 May 2025 | ISSN: 2456-3315

9. R. Wu, Q. Zhou, H. Yu and Y. Wang, "Ambulance dispatching algorithm in shenzhen based on deep
reinforcement learning", Computer Engineering, 2022.
10. G. Liu, J. Qu, X. Li and J. Wu, "Dynamic ambulance redeployment based on deep reinforcement

learning”, Journal of Management Sciences in China, vol. 23, no. 2, pp. 39-53, 2021.

[JRTI2505247 International Journal for Research Trends and Innovation (www.ijrti.org)



http://www.ijrti.org/

