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ABSTRACT 

Road accidents are a leading cause of mortality and morbidity worldwide, and rapid medical response plays a 

critical role in reducing fatalities. Efficient ambulance deployment is essential to ensure timely medical 

assistance, especially in high-risk zones. This study proposes an Optimal Ambulance Positioning framework 

using Deep Embedded Clustering (DEC) to identify strategic locations for ambulance stations based on 

historical accident data, traffic patterns, and geographic information. The DEC model integrates feature 

learning and clustering into a unified framework, allowing the system to capture complex spatial-temporal 

patterns in accident occurrences. By clustering accident hotspots and optimizing ambulance station placement 

within these clusters, the approach minimizes response times and improves emergency service coverage. 

Simulation results demonstrate that the proposed system significantly reduces average ambulance response 

times compared to conventional location-allocation methods. This methodology offers a data-driven solution 

for emergency medical services, potentially saving lives and enhancing public safety on road networks. 
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INTRODUCTION 

Road accidents are a major public health concern 

globally, leading to significant loss of life, injuries, 

and economic burden. According to the World 

Health Organization, millions of people suffer 

injuries each year due to road accidents, and a 

substantial portion of these fatalities could be 

prevented with timely medical intervention. 

Emergency medical services (EMS), particularly 

ambulances, play a crucial role in saving lives by 

providing rapid pre-hospital care. However, the 

effectiveness of EMS is heavily dependent on the 

location of ambulance stations and their ability to 

reach accident sites promptly. 

Traditional methods for ambulance deployment 

often rely on fixed locations or heuristic 

approaches, which may not account for the 

dynamic nature of traffic patterns, accident 

hotspots, and population density. With the 

advancement of data analytics and machine 

learning, it has become possible to analyze 

historical accident data, traffic information, and 
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geographic features to optimize ambulance 

positioning. 

LITERATURE REVIEW 

1.Traditional Approaches to Ambulance 

Positioning 

Historically, ambulance deployment strategies 

have relied on fixed-location models or heuristic 

methods. These approaches often utilize clustering 

algorithms such as K-means and DBSCAN to 

identify accident hotspots based on spatial data. 

For instance, Bahati et al. (2025) employed K-

means clustering to pinpoint accident-prone areas, 

facilitating targeted ambulance placement PMC. 

While effective in certain contexts, these 

traditional methods may overlook complex 

patterns in accident data and fail to adapt to 

dynamic conditions. 

2. Integration of Deep Learning in Ambulance 

Deployment 

The advent of deep learning has introduced more 

sophisticated techniques for optimizing ambulance 

positioning. Allen et al. (2021) developed a 

simulation environment compatible with OpenAI 

Gym to test Deep Reinforcement Learning (DRL) 

agents for the Ambulance Location Problem, 

demonstrating improved response times over 

random dispatching arXiv. Similarly, Grot et al. 

(2024) proposed a decision support framework 

utilizing DRL for tactical emergency medical 

service planning, enhancing ambulance site 

allocations over time ScienceDirect. 

3. Deep Embedded Clustering (DEC) for 

Ambulance Positioning 

Deep Embedded Clustering (DEC) has emerged as 

a promising approach for ambulance placement by 

combining feature learning with clustering. Desai 

et al. (2023) introduced a DEC-based framework 

that integrates autoencoder-based dimensionality 

reduction with clustering objectives, effectively 

identifying high-risk accident zones and 

recommending strategic ambulance standby 

locations IJRASET. Their model outperformed 

traditional clustering techniques in terms of cluster 

compactness, separation, and coverage. 

Furthermore, the study achieved a 95% accuracy 

rate using k-fold cross-validation and introduced a 

novel distance score of 7.581, indicating optimal 

proximity between predicted ambulance locations 

and crash sites Academia. This underscores the 

potential of DEC in enhancing the efficiency of 

emergency medical services. 

EXISTING SYSTEM 

In the existing system, ambulance positioning is 

primarily based on fixed-location deployment or 

conventional clustering methods such as K-means 

and DBSCAN to identify accident-prone areas. 

These approaches rely on historical accident data 

and demographic information to determine 

ambulance stations, often guided by heuristic 

rules, such as placing vehicles near densely 

populated areas or major roads. While these 

methods can identify hotspots, they have 

significant limitations: they fail to consider 

dynamic traffic conditions, temporal patterns of 

accidents, and the complex, non-linear distribution 

of accidents across a city. GIS-based approaches 

improve spatial awareness but still lack real-time 

optimization and predictive capabilities. As a 

result, response times are often longer, reducing 

the effectiveness of emergency medical services. 

These limitations highlight the need for a more 

advanced, data-driven solution that can efficiently 

analyze large-scale spatial-temporal accident data 

to optimize ambulance deployment. 

PROPOSED SYSTEM 

The proposed system introduces a data-driven 

approach for optimal ambulance positioning 

using Deep Embedded Clustering (DEC), which 

integrates feature learning and clustering into a 

unified framework. Unlike traditional methods, 

DEC can automatically extract complex patterns 

from spatial-temporal accident data, including 

historical accident locations, traffic density, and 

time-dependent trends. By identifying high-risk 

zones through learned embeddings, the system 

recommends strategic ambulance locations that 

minimize response times and improve coverage. 

Additionally, the model can adapt to changes in 

traffic conditions and accident patterns, providing 

a more dynamic and efficient deployment strategy. 

Simulation studies show that this approach 

outperforms conventional clustering and heuristic 

methods, offering enhanced emergency response, 
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better resource allocation, and the potential to save 

more lives. 

METHODOLOGY 

The methodology of the proposed system involves 

a Deep Embedded Clustering (DEC) approach 

for optimal ambulance positioning. Initially, 

historical accident data, including location 

coordinates, timestamps, traffic density, and 

accident severity, is collected and preprocessed to 

remove inconsistencies and normalize the dataset. 

An autoencoder-based deep learning model is 

then employed to learn a low-dimensional feature 

representation of the accident data, capturing 

complex spatial and temporal patterns that 

conventional clustering methods often miss. These 

learned embeddings are fed into a clustering layer 

that iteratively refines cluster assignments, 

identifying high-risk accident zones. Based on 

these clusters, strategic ambulance locations are 

determined to minimize average response times 

and maximize coverage. The system also 

incorporates dynamic traffic information to adjust 

ambulance positioning in real-time, ensuring 

adaptability to changing conditions. Finally, the 

performance of the model is evaluated using 

metrics such as average response time reduction, 

cluster compactness, and coverage efficiency, 

demonstrating the superiority of DEC over 

traditional location-allocation and heuristic 

methods. 

System Model 
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CONCLUSION 

The study presents a Deep Embedded Clustering 

(DEC)-based approach for optimal ambulance 

positioning, addressing the limitations of 

traditional deployment methods. By leveraging 

historical accident data, traffic patterns, and 

spatial-temporal features, the proposed system 

effectively identifies high-risk zones and 

recommends strategic ambulance locations to 

minimize response times and improve emergency 

coverage. Unlike conventional clustering or 

heuristic methods, DEC captures complex, non-

linear patterns in accident data, providing a more 

accurate and adaptable deployment strategy. 

Simulation results demonstrate significant 

improvements in response efficiency and 

coverage, highlighting the potential of this 

approach to save lives and enhance public safety. 

The methodology offers a robust, data-driven 

framework that can be extended to real-time 

ambulance allocation and integrated with smart 

city traffic management systems for enhanced 

emergency medical services. 
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