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Received: 18 Dec 2024 Introduction: Effective emergency response relies on the timely availability of essential

equipment. However, logistical challenges, limited resources, and inefficient distribution often

hinder emergency services like fire departments, ambulances, and disaster relief teams. To

Accepted: 15 Feb 2025 overcome these issues, emergency equipment sharing, supported by technologies like IoT, AI,
blockchain, and mobile platforms, can significantly improve resource allocation and
accessibility. This system enables real-time tracking, predictive analytics for demand forecasting,
and secure, transparent coordination between agencies. By fostering collaboration across sectors
and regions, such a system enhances preparedness, response times, and operational efficiency,
ensuring better management of crises.
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Objectives: The objective of optimizing emergency equipment sharing is to improve resource
allocation and availability during crises. This involves enhancing coordination between agencies,
using technologies like IoT for real-time tracking, AI for predictive allocation, and blockchain for
secure, transparent sharing. The goal is to reduce response time, maximize equipment
utilization, and ensure transparency and accountability in resource distribution.

Methods: This system integrates IoT, AI, and blockchain for efficient emergency equipment
monitoring and allocation. IoT sensors track real-time equipment status, while AI predicts
demand for proactive distribution. Blockchain ensures secure transactions through smart
contracts, automating equipment sharing and enhancing transparency. Mobile apps facilitate
seamless coordination among agencies, improving response times and decision-making.

Results: The system successfully streamlines emergency equipment sharing, optimizing
resource allocation and transparency. IoT enables real-time tracking, AI supports predictive
analytics, and blockchain secures transactions. This improves coordination between agencies,
reducing downtime and enhancing crisis management, ultimately saving lives.

Conclusions: Optimizing emergency equipment sharing is crucial for improving response
times and operational efficiency. Collaboration between agencies like fire departments and
hospitals, supported by technologies such as blockchain, IoT, and Al, ensures equipment is
readily available and allocated effectively. Data analysis helps resolve disparities and optimize
logistics, while a central equipment database and staff training enhance resource use. This
approach improves coordination, saves lives, and strengthens community resilience in the face
of crises.

Keywords: Emergency Equipment Sharing, Resource Allocation, IoT (Internet of Things),
Predictive Analytics, Blockchain Technology, Real-Time Tracking.

INTRODUCTION

The success of life-saving operations can be greatly impacted by the capacity to deploy the appropriate equipment at
the appropriate moment in the event of a natural catastrophe, medical emergency, or other crisis. To handle a variety
of crises, emergency services—such as fire departments, ambulances, and disaster relief teams—need a variety of
specialized equipment and supplies[1]. However, logistical difficulties, small stocks, and ineffective distribution
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frequently make crucial equipment unavailable. These problems can cause response times to be delayed and
operational effectiveness to be diminished, especially when combined with the unpredictable nature and scope of
emergency situations[2].

These issues can be resolved by combining the resources of several governments, organizations, and even private
businesses through the idea of emergency equipment sharing, which improves availability and accessibility.
Improving emergency equipment sharing requires more than just combining resources; it also entails developing a
dependable, effective, and flexible system for tracking and allocating equipment instantly. This calls for the
integration of cutting-edge technologies like mobile communication platforms, blockchain, artificial intelligence (AI),
and the Internet of Things (IoT) in an increasingly interconnected world[2].

IoT can be used to track and monitor equipment, providing visibility into its location, operational status, and current
supply levels. Agencies can keep track of the location and operational state of every piece of equipment by attaching
sensors to emergency supplies and tools. Based on past data, environmental factors, and incoming reports of
emergency circumstances, artificial intelligence (AI) is essential in forecasting future equipment requirements.
Demand spikes can be predicted using predictive models, which improves resource allocation and preparedness prior
to the occurrence of an emergency[3].

Blockchain technology, which offers safe and unchangeable transaction records, can improve confidence and
transparency in the equipment sharing process. This is especially helpful for facilitating coordination between
different organizations and guaranteeing that equipment is supplied equitably based on need. Additionally,
blockchain can facilitate smart contracts that automate equipment sharing or leasing, speeding up and improving the
reliability of the entire process[4].

Partnerships between the public and commercial sectors and cross-agency coordination are critical to the success of
such a system. Emergency services frequently function in isolated silos with little agency-, municipality-, or national-
level coordination. The effectiveness of resource allocation can be significantly increased by encouraging increased
collaboration and data exchange amongst enterprises[5].

Furthermore, frontline responders can obtain real-time access to resource data through mobile technologies.
Responders may be able to more quickly determine the location and availability of necessary equipment with the help
of a mobile app or platform, which would speed up decision-making in emergency situations. When lives are at risk,
this kind of technology enables emergency personnel to act more swiftly and decisively. Adapting an emergency
equipment sharing system to the varying demands of different locations and types of emergencies is one of the main
problems. Emergency situations may be more common in urban regions, but because of their remote locations, rural
places may have less access to vital supplies. Therefore, the system needs to be adaptable enough to meet the various
needs of both remote and densely inhabited places. This calls for a network of logistics providers who can quickly
move equipment from one place to another as needed, in addition to an intelligent allocation system[6].

Moreover, it is impossible to overlook economic factors. The initial expenses of developing the infrastructure to
support such a system may be high, even if pooling resources can result in cost savings by eliminating the need for
each agency to independently accumulate substantial inventories of equipment. Nonetheless, there is a compelling
argument for investment given the long-term advantages, which include quicker response times, fewer unnecessary
expenditures, and better overall resource usage. This paper will explore the technological frameworks, logistical
tactics, and cooperative efforts required to establish and maintain an efficient network for sharing emergency
equipment in more detail in the parts that follow. Communities will be better prepared to manage the unpredictable
nature of future crises by focusing on workable, scalable solutions that can be used to a variety of emergency
situations.

LITERATURE REVIEW

The idea of sharing emergency equipment is developing because of the need to enhance catastrophe response times,
resource efficiency, and coordination. Sharing resources across organizations and regions has become increasingly
important as emergency situations become more complex, because of pandemics, large-scale catastrophes, and
natural disasters. The existing literature on collaborative frameworks, technology, and tactics that facilitate optimal
emergency equipment sharing is summarized in this study.
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IoT and Real-Time Equipment Monitoring

There is a growing trend toward the usage of Internet of Things (IoT) devices for emergency equipment tracking and
real-time monitoring. IoT-based systems have been shown to enhance inventory management, decrease resource
waste, and enable timely allocation during emergencies [7]. IoT sensors attached to equipment provide location,
condition, and availability information, enabling first responders to locate needed resources quickly[8]. According to
[9], integrating emergency services has the potential to improve situational awareness.

Artificial Intelligence and Predictive Analytics

Predicting the need for emergency supplies based on past data, current disaster reports, and environmental factors
is made possible in large part by artificial intelligence (AI) and machine learning techniques[10]. Demand for
predictive analytics can surge, assisting disaster management teams in allocating resources ahead of time [11].
According to [12], DEG models could enhance forecasting precision, which would greatly help resource optimization.

Blockchain for Secure and Transactions

To ensure accountability and transparency in the distribution of resources among different stakeholders, blockchain
technology is essential. Blockchain ensures safe equipment sharing without causing trust problems between
businesses and offers unchangeable records of transactions[13]. According to [13], blockchain-based contracts
expedite response times by automating resource sharing based on pre-established criteria.

Cross-Agency Collaboration

Effective equipment sharing requires cooperation among emergency services agencies. Research shows that
organizational silos frequently make it difficult to allocate resources [14]. The coordination between different
agencies is much improved by collaborative frameworks that dismantle these silos and allow real sharing [15].
FEMA's Resource Management program, which leverages shared platforms to effectively distribute resources during
disasters, is a good illustration of cross-agency cooperation[16].

Public-Private Partnerships

PPPs, or public-private partnerships, are influencing the resources that are available during emergencies. Comfort's
research emphasizes how public emergency response initiatives are supported by private sector logistics. For
example, during the COVID-19 pandemic, medical supplies were distributed to hospitals across the United States
through collaborations with private logistics companies [17]. Furthermore, PPPs increase supply chain flexibility
during large-scale emergencies, according to[18]. Utilizing Mobile Technology to Coordinate in Real-Time Mobile
applications provide foundation with real-time coordination tools so they can quickly ascertain the position, status,
and availability of vital equipment. According to [19], mobile systems facilitate better responder communication,
accelerate decision-making, and minimize equipment delays. Mobile apps aided in coordination during Hurricane
Katrina, demonstrating the beneficial application of this technology in crisis situations [20].

Logistics and Resource Allocation

The optimization of emergency equipment sharing depends on effective logistics management since it shortens the
time needed to deliver equipment to disaster areas when networks of logistics providers are well-coordinated [21].
Predictive logistics can help decrease transportation delays by pre-positioning supplies, as [22] investigated. Real-
time routing and inventory distribution have been further enhanced by the inclusion of logistics [23].

Because agencies no longer need to independently maintain substantial inventories, economic considerations of
emergency equipment sharing point to significant cost reductions. Shared resource systems save unnecessary
spending, especially on expensive equipment like medical ventilators and rescue gear [24]. To allow such systems,
however, large initial expenditures in infrastructure and technology are required.

Obstacles in Despite the potential advantages, there are several obstacles to overcome in the deployment of
emergency equipment sharing systems. A significant obstacle that impedes resource sharing is the absence of
established protocols among various organizations and areas. Furthermore, the adoption of new technologies may
be impeded by opposition to change within established emergency services. Strong leadership interventions are
needed to address these issues and provide frameworks for resource sharing[25].

Case Studies and Best Practices
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Several case studies highlight the effective deployment of equipment-sharing programs. The European Commission
provided an example of cross-border equipment sharing in the context of large-scale emergencies through the Civil
Protection Mechanism of the European Union. Japan's disaster response system, which uses both public and private
resources to quickly distribute emergency supplies, is another effective model. These illustrations function as
standards for creating globally scalable equipment-sharing networks[26].

Future Research Directions

To increase forecasting and allocation accuracy, future research on emergency equipment sharing should concentrate
on integrating more sophisticated Ath real-time data from IoT devices[27]. Furthermore, research is required to
optimize blockchain technology for quicker and more effective transactions to lower resource deployment delay[28].
To increase the reach of equipment-sharing systems, it will also be essential to investigate new models of public-
private partnerships and global collaboration[29].

The literature makes clear that public-private partnerships, cross-agency coordination, and technology developments
are critical to the optimization of emergent sharing. Through the utilization of IoT, AI, blockchain, and mobile
technology, can improve resource allocation, save lives, and cut down on reaction times. To fully reap the benefits of
these systems, however, issues pertaining to standardization, financial investment, and inter-agency collaboration
need to be resolved.

OBJECTIVES

Enhance the efficiency and speed of response during crises by improving the allocation, tracking, and management
of critical resources. The goal is to address common challenges faced by emergency services, such as delayed response
times and inefficient use of resources, which can arise from logistical issues, insufficient equipment, and lack of
coordination. By integrating technologies such as the Internet of Things (IoT), Artificial Intelligence (AI), and
blockchain, the system will provide real-time data on the location, condition, and availability of equipment, enabling
better decision-making and resource allocation.

Al-powered predictive analytics will allow forecasting equipment demand based on historical data and
environmental factors, ensuring that high-demand areas are prioritized. The use of blockchain technology will ensure
transparency, security, and accountability in the sharing of resources between agencies, making the process more
reliable and reducing the risk of mismanagement. Real-time communication platforms will facilitate collaboration
between different emergency services, allowing them to respond more quickly and effectively.

The system will also include mobile applications to enable frontline responders to access equipment availability and
request resources in real-time, further enhancing operational efficiency. Overall, optimizing emergency equipment
sharing aims to streamline resource management, reduce downtime, and improve response times, ultimately saving
lives and enhancing disaster resilience.

METHODS
a. IoT-Based Emergency Equipment Monitoring and Real-Time Resource Allocation.

The goal of this methodology is to monitor and distribute emergency equipment in real-time by utilizing the Internet
of Things (IoT) and Al-based predictive analytics. The objective is to guarantee prompt action and maximize the
allocation of limited resources in times of emergency, including natural catastrophes, pandemics, and significant
accidents.

IoT Device Implementation for Equipment Tracking

The first stage is to install Internet of Things (IoT) sensors in all vital emergency equipment, including ventilators,
ambulances, firefighting gear, and rescue tools. These gadgets keep an eye on real-time information like consumption
rates, availability, operational state, and location. IoT sensors connect with one another via a centralized cloud-based
system that processes and stores all the data that is gathered.

Tools

e IoT sensors (such as GPS trackers and RFID)
e Platforms for managing data in the cloud (AWS IoT Core, Microsoft Azure IoT Hub)
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e Protocols for communication (HTTP, MQTT)

Authorities will be able to remotely monitor equipment status and availability thanks to the graph, which shows how
IoT sensors are mounted on equipment and provide real-time data to cloud storage systems.

Data Collection and Integration

A unified dashboard that incorporates all the data from IoT devices gives emergency management teams a real-time
picture of the locations and conditions of equipment. All pertinent entities, including hospitals, fire departments, and
disaster assistance organizations, have access to the dashboard.

Tools

e MuleSoft and Apache Kafka data integration software
e Dashboards in real time (Power BI, Tableau)

Creating a uniform system where all emergency equipment is continuously tracked across several agencies is the aim
of this stage. Better resource allocation and decision-making are made possible by this combination.

Real-Time Equipment Availability Dashboard
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Figure 1: Real-Time Equipment Availability Dashboard

The real-time dashboard (figure 1) will show off real-time information about the kind of equipment, its availability
and use, and its location.

Predictive Analytics for Equipment Demand

To forecast equipment demands based on variables including ongoing crisis trends, historical resource usage
patterns, and environmental data (such as weather and seismic activity), the collected data is then evaluated using
Al-powered predictive analytics. Days or weeks in advance, machine learning algorithms like random forests or
neural networks can forecast the amount of equipment needed.

Tools

e Predictive analytics systems (Google Cloud AI, IBM SPSS) were the tools used.
e Algorithms for machine learning (random forests, neural networks)
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Predictive Analytics Forecasting Equipment Demand
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Figure 2: Predictive Analytics Forecasting Equipment Demand

Figure 2 will show projected equipment consumption in the future based on available historical data and current
environmental conditions.

Resource Allocation and Deployment

Emergency responders can proactively distribute equipment to locations most likely to require it once the predictive
analytics estimates are complete. The locations with the highest predicted demand are given priority while making
sure that no area is undersupplied, all thanks to an allocation mechanism.

Tools

e Algorithms for allocating resources were the tools used (Genetic Algorithm, Linear Programming).
e Tools for spatial analysis (such as Google Earth Engine and ArcGIS)

Predictive analytics estimates will be used to allocate equipment across regions, with a focus on high-demand
locations, as shown in this graph.

Real-Time Deployment

The IoT systems monitor the resources' deployment after they are assigned. Frontline responders receive a
smartphone application that enables them to report resource usage or request equipment. These reports, in turn,
provide real-time updates to the central dashboard, guaranteeing that the availability of equipment is constantly up
to date.

Tools

¢ Platforms for developing mobile applications (Flutter, React Native) were the tools used.
e Frameworks for updating data in real time (Firebase, Socket.IO)

b. Blockchain and Cross-Agency Collaboration for Transparent Equipment Sharing

This approach investigates the application of blockchain technology in conjunction with cross-agency collaboration
frameworks to provide safe, transparent, and effective emergency equipment sharing between several agencies.

Blockchain Setup for Secure Transactions
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Implementing a blockchain-based system to track and validate agency-to-agency equipment sharing transactions is
the first step in this process. Because of blockchain's decentralized ledger, all involved agencies may view transactions
in real-time and have confidence that the data is true and unchangeable.

Tools

¢ Blockchain systems (Hyperledger, Ethereum) were the tools used.
e Smart contracts (Hyperledger for Ethereum, Solidity for Ethereum)

Smart Contracts for Equipment Sharing

Smart contracts set up predetermined parameters that allow equipment to be moved between agencies, automating
the sharing of emergency resources. For example, the smart contract will automatically release resources from
another location that has excess if the resource levels in one region drop below a certain threshold.

Cross-Agency Collaboration Framework

Sharing of equipment requires cooperation between several agencies. A cooperative framework is created to make
this easier, allowing agencies to exchange information on equipment availability, coordinate resource deployment,
and interact in real-time. Public health organizations, emergency medical services, and fire departments are
examples such agencies.

Tools

e Platforms for collaboration (Slack, Microsoft Teams) were the tools used.
e Protocols for real-time communication (WebRTC)

Resource Optimization and Fair Allocation

The blockchain technology optimizes resource distribution to guarantee efficiency and justice. Priorities are given to
organizations with more demand (hospitals, for example, during a pandemic), whereas areas with extra equipment
donate it to those in need. The entire network's supply and demand are balanced via the application of an
optimization algorithm.

Optimization algorithms (such as Particle Swarm Optimization and Linear Programming) were the tools used.

Resource Allocation Optimization

500 B Demand
Em Allocated Resources

400

Quantity

Region 1 Region 2 Region 3 Region 4
Regions

Figure 3: Resource Allocation Optimization Algorithm

Figure 3 will show how optimization methods are used to distribute resources among agencies in a way that
guarantees no area is either over or understocked.

Reporting and Transparency

Transparency offered by blockchain is one of its main advantages. Every equipment transaction, resource request,
and resource allocation are documented and made available to all agencies involved. In addition to ensuring
accountability, this stops resource hoarding or misuse.
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Blockchain reporting tools (Etherscan for Ethereum and Hyperledger Explorer) were used.
Real-Time Deployment and Feedback

In the last stage, real-time resource deployment is ensured through the usage of mobile apps and blockchain.
Frontline responders make equipment requests via mobile apps, which starts a blockchain transaction and makes
sure the request is documented. Feedback is gathered through the app to track equipment performance and usage
after deployment.

Tools

e Flutter and React Native mobile apps tracking blockchain transactions with Hyperledger Explorer and
Etherscan

RESULTS
Equipment Availability by Region

The demand and availability of equipment by region (Table 1) show a modest scarcity in every area, with the East
region having the highest demand and the greatest shortage of 20 units. This disparity shows that resource allocation
must be optimized. This dataset may be used to more effectively prioritize the distribution of equipment, estimate
future demand, and guarantee the timely availability of resources in crucial areas, all of which will improve the overall
efficiency of emergency response. It does this by utilizing IoT-enabled forecasting techniques.

Region Available Equipment Demand Shortage
North 150 140 10
South 120 10 10
East 180 160 20

West 200 190 10

Table 1: Equipment Availability by Region
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Figure 4: Real Time Equipment Utilization

The scatter plot (figure 4) indicates that while the East region has larger demand, the North and South regions
allocate equipment efficiently, indicating the need for resource redistribution.
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Figure 5: Confusion Matrix of Equipment Allocation Accuracy

The confusion matrix (figure 5) shows that equipment is allocated correctly for the North and West, while off-diagonal
discrepancies draw attention to inefficiencies in other regions' predictions.

Agency Equipment Shared
Fire Department 50
Hospital 60
Health Agency 30
Rescue Team 40

Transactions Recorded

55

Table 2: Transparency assurance for Equipment Sharing

Transparency is ensured by the table (table 2), which displays equipment sharing as documented by blockchain.
Discrepancies indicate audit records for extra or returned resources (figure 6).

Blockchain-Recorded Transactions vs Equipment Shared
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Figure 6: Blockchain Recorded Transactions VS Equipment Shared
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Agencies like the Fire Department and Hospitals lead in blockchain transactions, demonstrating the technology's
efficacy in tracking resource sharing and guaranteeing transparency. The scatter plot shows a favourable correlation
between shared equipment and recorded transactions.
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Figure 77: Confusion Matrix of Blockchain Transaction Accuracy

The confusion matrix (figure 7) shows how predicted and actual blockchain transactions differ; true positives on the
diagonal indicate correct predictions, and small deviations, indicated by slight off-diagonal mismatches, show how
accurate and auditable blockchain transaction records can be kept.

DISCUSSION

Optimizing emergency equipment sharing for rapid response and efficiency requires addressing various challenges
and leveraging advanced technologies. The integration of IoT, Al, and blockchain plays a crucial role in improving
the management and allocation of resources during emergencies. IoT devices, such as sensors and GPS trackers,
enable real-time monitoring of equipment, ensuring timely deployment where needed. AI-driven predictive analytics
help forecast demand, allowing agencies to proactively allocate resources based on historical data and current trends.
Block-chain technology ensures transparency and security, enhancing trust among agencies while preventing misuse
of resources. Additionally, cross-agency collaboration fosters a unified approach to resource sharing, enabling better
coordination and minimizing delays. However, challenges like cybersecurity risks and the complexity of managing
large-scale systems must be addressed. Despite these challenges, the long-term benefits, including cost savings and
improved response times, make the optimization of equipment sharing a vital strategy in emergency management.
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