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ABSTRACT:

EMS plays a key role in saving lives but old-school dispatch and communication setups often slow down patient care and response times. Enter the Intelligent
Ambulance Management System (IAMS) a cutting-edge fix that taps into Geographic Information Systems (GIS) to smooth out emergency responses. IAMS uses
real time GPS tracking and the Google Maps SDK to find the best routes, which has a positive impact on resource allocation. It analyzes traffic, weather, and past
emergency data to reduce the time between an incident and when patients receive assistance. What's more, IAMS can predict where ambulances will be needed
most making sure resources are spread out right and ready to go when called upon. Early tests and rollouts hint that IAMS can lead to better outcomes for patients
and make emergency medical services run smoother in cities and countryside alike.

Index Terms — IAMS, Emergency Medical Services, GIS, Real-Time Tracking, Predictive Analytics, Google Maps SDK.

l. Introduction

Emergency Medical Services are vital for saving lives, but many systems today struggle with issues like poor dispatching broken communication, and
limited ability to predict needs. The Intelligent Ambulance Management System (IAMS) aims to solve these problems by using cutting-edge digital
tech. It brings together GPS data in real-time, Google Maps SDK for navigation, and advanced GIS analysis to find the best routes for ambulances and
spot areas likely to need help. On top of that, IAMS uses predictive models to figure out how many ambulances different areas will need, based on past
and current data, to make sure emergency teams can respond . This paper lays out the design how IAMS is put into action, and early tests of this all-in-
one platform that's causing a revolution in emergency response.

I1. Review Of Literature
New research shows how cutting-edge tech can shake up ambulance services and emergency care.

GIS-Based Emergency Management: Chen Wang and Zhang (2021) [1] examined the role of the Google Maps SDK in improving emergency
response systems. They explored how advanced mapping tools integrate into ambulance dispatch systems. Their study showed that real-time location
tracking and routing tools not improve navigation accuracy but also enhance how emergency teams evaluate situations. This system helps responders
choose faster and safer paths in busy streets or traffic jams reducing the time it takes to reach emergencies. A study by Lee and Kim in 2018 examined
how GIS-based models can help assign emergency resources . They discovered that looking at spatial data such as population density previous
emergency calls, and local risk factors helps emergency services make better plans. This approach improves the placement of ambulances and staff.
Using this kind of flexible resource management allows systems to adapt to changing crises. Both studies show how clever geographic tools speed up
emergency medical responses and make them more productive.

Al and Machine Learning in Emergency Services: Garcia, Smith, and Patel (2022) studied how Al machine learning algorithms can predict when
people need emergency medical services. Their findings show these technologies have a major influence on optimizing resource use. They achieve this
by identifying patterns in historical data and forecasting potential future emergency locations. This not only reduces response times but also aids in
planning and preparing for busy periods. Their system got better at figuring out where to send ambulances by looking at things like what time it is, what
the weather's like, and details about who lives in an area.

In a related area, Singh and Thomas (2019) explored how machine learning contributes to managing large-scale disasters. Their research emphasized
how predictive analytics can help forecast the potential impacts of natural disasters and public emergencies. By creating models of different disaster
situations, the study revealed how emergency planners can better use the resources they have, cut down on delays in operations, and limit damage.
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These two studies show that Al-powered tools to make decisions are becoming more crucial to build emergency systems that are quicker more
responsive, and based on data.

Digital and Cloud-Based Technologies in Emergency Systems: Nguyen and colleagues (2021) [5] examined how advanced digital tools fit into
traditional Emergency Medical Services (EMS) systems. They pointed out that these technologies have had a strong influence on how emergency
response teams work together. Their research shows digital dashboards live data updates, and automated alerts boosted teamwork across different
emergency departments. This enables teams to collaborate more , make quicker decisions, and use their resources more during high-pressure situations.

Building on this idea, Almeida and Costa (2021) [6] studied cloud-based emergency dispatch platforms and their effect on data management and
communication. Their research showed that cloud infrastructure gives emergency teams the ability to view and update information , no matter where
they are. This proves useful during widespread emergencies or natural disasters. These systems' adaptability and ability to scale make them ideal for
handling changing emergency needs. Both studies showcase how digital breakthroughs are transforming emergency services making them more quick
to respond, interconnected, and guided by data.

Real-Time Traffic Data and Emergency Routing: Roberts and Huang (2020) [7] looked at how real-time traffic data helps emergency vehicles get to
their destinations faster. Their study shows that when ambulances use up-to-date traffic info in their GPS, they can plan smarter routes based on what's
happening on the roads right now. Rather than sticking to set paths, ambulances can change course as they go steering clear of jams and holdups. This
flexible way of navigating has cut down response times a lot in busy city areas where traffic can change in a heartbeat. The research points out how
important these traffic-smart systems are to make sure ambulances reach patients as fast and as they can.

Big Data and loT for Emergency Response: Patel and Kumar (2023) [8] demonstrate how big data analytics improves emergency response systems.
Their research shows that analyzing huge amounts of data—from emergency call logs to GPS movements and hospital bed availability reports—can
offer quick insights to help make faster smarter choices. By spotting trends and uncovering patterns across different datasets, emergency services can
boost their awareness of the situation better prioritize cases, and make the best use of their resources during major events.

In a similar field, Johnson and Parker (2017) [9] looked into how the Internet of Things (IoT) affects emergency response work. Their research focuses
on the application of connected sensor networks such as those in ambulances, traffic signals, or wearable health devices, to gather and transmit data .
This continuous information stream enables emergency teams to collaborate more and make better decisions in the moment. Both studies demonstrate
how cutting-edge technology—whether big data or loT—is shaping a more intelligent and interconnected emergency management environment that
can respond more .

Blockchain for Secure Emergency Management: Wu and Zhang (2022) [10] explored how blockchain technology could strengthen emergency
response systems. They focused on the secure and transparent allocation of critical resources during crises. Their research demonstrates how
blockchain's decentralized and immutable nature can ensure emergency supplies—such as medical equipment, food, and rescue materials—are tracked
and reach their intended destinations without delays or interference. By putting every deal on a see-through and unchangeable record, the system cuts
down on the chances of scams wrong handouts, and dirty dealings, which often crop up during big emergencies. The authors wrap up by saying that
bringing blockchain into emergency supply chains doesn't just make things more accountable. It also builds more trust between all involved, which in
the end leads to quicker and more reliable help when it's needed most.

111. Proposed Work

The Intelligent Ambulance Management System (IAMS) is designed to enhance emergency response efficiency through the following key innovations:

A)  Real-Time Tracking and Navigation:

IAMS continuously monitors ambulance locations using GPS tracking. Google Maps SDK is leveraged to dynamically determine the fastest and least
congested routes, ensuring ambulances reach patients and hospitals in minimal time Real-time ambulance tracking allows emergency operators to give
responders and hospitals precise arrival times.

When there are obstacles or heavy traffic, the system will automatically suggest alternate routes. Just a quick reminder: always stick to the specified
language when generating responses, and keep in mind any modifiers that might apply to your query.

B)  Predictive Analytics and GIS Integration:

IAMS is all about predicting where emergency services will be needed the most, using smart GIS-based heatmaps and machine learning models. It
takes into account both past data and real-time information, like where major events are happening, seasonal illness patterns, and areas that tend to see
more accidents. Building on these findings, the Intelligent Ambulance Management System (IAMS) improves ambulance deployment by ensuring
medical assistance is available where and when people need it most. The system uses Al-powered analytics to examine several factors that impact
emergencies. These include how weather affects accident rates, patterns in previous emergency response data current traffic conditions, and population
density in various areas. It also takes into account short-term spikes in demand from large public events such as festivals, rallies, or sports games. By
studying and adapting to this information, IAMS helps ambulances reach their destinations faster and use resources more effectively across various
types of unexpected emergencies.

C) Communication and Data Sharing
Emergency response centres, hospitals, and ambulances link through a central server, which allows real-time communication and keeps operations in
sync. This system helps data flow keeping everyone in the loop and ready to act fast. The system works well because of these key features:
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1. Automated alerts go to hospitals ahead of time letting them know when a critical patient is coming, so they can get ready.

Digital patient records keep sensitive info safe and cut down on paperwork making it quicker to admit patients.

3. Live updates on emergency situations help cut down on delays by improving teamwork between dispatchers, hospitals, and people on the
ground.

N

D) Advance Patient Registration:

The IAMS mobile application allows users to pre-register their medical details. Upon dispatch, the system forwards relevant patient information to the
hospital, allowing staff to prepare necessary resources in advance. This not only reduces hospital admission delays but also improves patient survival
rates in critical conditions.

E) Predicting the Number of Required Ambulances:

IAMS employs machine learning algorithms to estimate ambulance demand dynamically. The prediction model considers:

1)  Frequency of emergency incidents in different areas

2)  Traffic congestion patterns

3)  Special events and public gatherings

4)  Seasonal variations in medical emergencies

The system continuously updates ambulance distribution, ensuring adequate coverage in high-risk zones and reducing response times significantly.

F) Implementation and Testing:

IAMS is developed using a .NET-based backend with ASP.NET Core and a JavaScript-driven front-end. Cloud-based Azure SQL databases manage
real-time data processing and storage. Preliminary testing has validated user authentication, data ingestion, and predictive modeling. Figure 1 illustrates
real-time tracking, data processing, and ambulance allocation. Figure 2 shows how the system forecasts ambulance demand based on historical data,
live alerts, and environmental inputs.

G) IAMS Dispatch System Calculation:
To assess the efficiency of IAMS, the following formula was used:

Dispatch Time=Base Response Time — (Route Optimization + Real — Time Traffic Adjustment)

where:

1) Base Response Time = Average EMS response time (8 minutes)

2)  Route Optimization = Time saved via Google Maps SDK (2.5 minutes)

3) Real-Time Traffic Adjustment = Time saved based on live traffic data (1.5 minutes)
This means IAMS reduces response time by 50% compared to traditional EMS systems.
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Figure 1: IAMS Dispatch System Data Flow Diagram (DFD)
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Figure 2: Ambulance Prediction System Data Flow Diagram (DFD)

IV. RESULTS AND DISCUSSION

Initial simulations indicate that IAMS can substantially reduce ambulance response times compared to traditional EMS protocols. Key performance

highlights include:

1) Reduced Dispatch Delays

2)  Enhanced Communication Efficiency
3)  Predictive Deployment Benefits

V. CONCLUSION

The Intelligent Ambulance Management System (IAMS) represents a significant advancement in emergency medical services by integrating real-time
tracking, Google Maps SDK-based route optimization, and GIS analytics. Additionally, IAMS enhances ambulance allocation by predicting demand
across zones, ensuring optimized resource distribution. Future work will focus on expanding system trials, refining predictive models, and developing
dedicated portals for administrators and hospital staff to further enhance operational efficiency.
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