International Journal of Research in Engineering Technology — Volume 4 Issue 5, 2019

IMPROVING EMERGENCY RESPONSE SYSTEMS USING IOT AND PREDICTIVE HEALTHCARE
ANALYTICS

'"Bhavya Kadiyala
Data Architect, CBMI at UTHSC, Memphis, TN, USA
kadiyalabhavyams@gmail.com

2G. Arulkumaran
Vel Tech Rangarajan Dr. Sagunthala R&D Institute of Science and Technology
Associate Professor
chennai,india
arulkumarang.reva@gmail.com

Abstract

Emergency response systems are crucial for timely medical intervention, yet traditional methods suffer from
delays, inefficient resource use, and a lack of real-time patient monitoring. Manual reporting and slow decision-
making often lead to preventable fatalities. While machine learning and Al-based models improve emergency
detection, they still struggle with real-time data integration, scalability, and predictive accuracy. This study
proposes an IoT-driven emergency response system that combines real-time health monitoring with predictive
analytics for early risk detection and optimized resource allocation. Unlike existing approaches, our method
integrates [oT sensor data with Al-driven anomaly detection and time-series forecasting, ensuring continuous
monitoring and proactive emergency management. Experimental evaluation shows 92% accuracy in health
event detection, 85% improvement in response time, 95% system uptime, and 90% resource allocation
efficiency, outperforming traditional and Al-based systems. Compared to rule-based and deep learning models,
our system offers superior real-time reliability and proactive intervention capabilities. By enabling faster, more
precise emergency detection and resource distribution, this approach significantly enhances patient survival
rates and healthcare efficiency. Future enhancements will incorporate blockchain for secure data transmission,
advanced Al for multi-disease prediction, and large-scale deployment to improve real-world applicability.

Keywords: IoT-based Emergency Response, Predictive Healthcare Analytics, Real-Time Health Monitoring,
Anomaly Detection, Resource Optimization

1.Introduction

Emergency response systems are critical in healthcare, as timely intervention can significantly improve patient
survival rates and outcomes[l]. Traditional emergency response relies on manual reporting, delayed
communication, and inefficient decision-making, often leading to avoidable fatalities and complications[2]. The
integration of Internet of Things (IoT) technology enhances these systems by enabling real-time health
monitoring through wearable devices, smart sensors, and connected medical equipment[3]. Additionally,
predictive analytics leverages historical and real-time data to forecast potential medical emergencies, allowing
healthcare providers to intervene before a situation becomes critical[4]. By combining IoT with machine
learning-based predictive models, emergency response systems can become more proactive, reducing delays and
improving resource utilization in hospitals and ambulance services[5].

Despite advancements in healthcare, existing emergency response systems still suffer from several inefficiencies
[6]. Many systems lack real-time patient monitoring, leading to delayed detection of critical health conditions[7].
Additionally, ineffective data integration results in poor communication between healthcare facilities and
emergency responders, causing delays in decision-making. Furthermore, limited predictive capabilities make it
difficult to anticipate high-risk cases, leading to suboptimal resource allocation in hospitals and ambulance
networks[8]. These limitations highlight the need for a smart, data-driven emergency response system that
integrates [oT and predictive analytics to enable faster, more accurate, and efficient emergency interventions[9].
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This research improves emergency response systems by combining IoT real-time monitoring with predictive
healthcare analytics for faster detection and better decision-making. Using machine learning models and an Al-
driven system, it enhances response times, resource use, and patient care. Tests with real-world healthcare data
show faster interventions and higher survival rates. Future work will focus on stronger security with blockchain
and expanding predictions for multiple diseases to create a more reliable and efficient emergency response
system.

2. Related Works

Abu-Elkheir et al[10]. developed an IoT-based emergency response system to improve real-time patient
monitoring and decision-making. The system used wearable sensors, smart ambulances, and hospital devices to
collect patient data continuously. Results showed faster emergency detection and reduced delays, improving
survival rates. However, challenges included real-time data processing and reliance on infrastructure.

Yang et al[11]. implemented machine learning models, including Random Forest, LSTM, and XGBoost, to
predict emergency cases based on real-time health data. The models demonstrated high accuracy in early
emergency detection, reducing response times and improving resource allocation. Despite the promising results,
limitations included high computational requirements and data imbalance issues.

Gasmelseid et al[12]. proposed an Al-driven decision support system (DSS) to automate ambulance dispatch,
hospital resource management, and alert mechanisms. Their study reported faster response times and optimized
emergency services, ensuring timely medical intervention. However, the Al-based system struggled with biases
in training data and lacked adaptability to diverse emergency scenarios.

Kodali et al[13]. evaluated their IoT-enabled framework using real-world healthcare datasets, measuring
performance in accuracy, response time reduction, and resource optimization. The results indicated a significant
improvement in emergency detection and medical response efficiency. However, the system’s scalability and
interoperability with existing hospital infrastructures remained a concern.

Enrique et al[14]. demonstrated how loT-driven predictive analytics can revolutionize emergency response
systems by making them data-driven and proactive. The integration of sensor-based monitoring and Al
prediction models led to improved emergency forecasting. Despite these advancements, data security and patient
privacy risks were identified as major challenges.

Li et al[15]. highlighted data security vulnerabilities in IoT-based emergency response frameworks, including
risks of unauthorized access and data breaches. To address these issues, encryption and authentication
mechanisms were proposed. However, implementing strong security protocols increased system complexity and
processing delays, affecting real-time responses.

Wang et al[16]. suggested blockchain technology to ensure secure data transmission and tamper-proof patient
records in IoT healthcare systems. Their findings indicated enhanced data integrity and reduced cyber threats.
Despite these benefits, blockchain-based systems require high computational power and may introduce latency
in emergency responses.

Qadir et al[17]. recommended further research on multi-disease emergency prediction models and edge
computing for real-time processing. Enhancing Al-driven decision-making and optimizing [oT infrastructure
were suggested to improve system efficiency. However, the integration of advanced Al and IoT technologies
still faces cost, regulatory, and ethical challenges in large-scale implementation.

3. Problem Statement

Traditional emergency response systems in healthcare face delays, inefficient resource use, and a lack of real-
time patient data, leading to slower interventions and higher mortality rates[6]. Current methods rely on manual
processes and reactive approaches, limiting their ability to predict and respond to emergencies proactively[9].
The lack of IoT integration and Al-driven analytics results in poor decision-making and slow response times. To
address these issues, a smart emergency response system using IoT for real-time monitoring and machine
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learning for predictive analytics is needed to enable early detection, automate decision-making, and optimize
resource allocation, ultimately improving response efficiency and patient survival rates.

4. Proposed Methodology
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Figure 1: Workflow for IoT-Based Emergency Response

This Figure 1 shows the process of data collection, preprocessing, feature extraction, and predictive analytics in
an loT-based healthcare emergency response system. It highlights the key steps, including anomaly detection
and time-series forecasting, along with evaluation metrics used to assess system performance.

4.1. Data Collection

The IoT-Based Health Monitoring System[18] collects real-time physiological and environmental data from
wearable sensors, hospital IoT devices, and ambulance tracking systems. Wearables like smartwatches, ECG
monitors, and pulse oximeters track vital signs such as heart rate, blood pressure, oxygen saturation (SpO2), and
body temperature. Hospital IoT sensors provide ICU patient monitoring, while ambulance IoT systems collect
GPS location, real-time traffic data, and estimated arrival times. Additionally, electronic health records (EHRs)
contribute historical patient data, including chronic diseases and previous emergency incidents, to enhance
predictive analytics. Traffic and weather APIs further aid in response time optimization. The collected data is
anonymized, preprocessed, and stored in a cloud-based system for real-time monitoring and predictive
healthcare analytics. The IoT-based health monitoring system collect raw data from multiple sources as shown in

Equation 1:

:{ 1s 2500 } (1)
4.2. Data Preprocessing
4.2.1. Missing Data Handling
Missing sensor values occur due to connectivity issues or sensor failures. Let = { 1, ,,.., }be the collected
time-series data. If a missing value  occurs at time , it is imputed using linear interpolation as shown in
Equation 2:

= _;+ % ()
4.2.2. Noise Removal

IoT sensors often introduce noise due to movement artifacts. We apply a Butterworth low-pass filter to remove
high-frequency noise from signals such as ECG or heart rate. The Butterworth filter transfer function as shown
in equation 3:
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Where: is the signal frequency, is the cutoff frequency, is the filter order.
For ECG signals, a typical value of is 0.5 — 50 Hz.
4.2.3. Data Normalization

Sensor values collected from different devices may have different scales, so we normalize the data using Min-
Max scaling as shown in Equation 4:

e min (4)

max™ min
where ' is the normalized value, i, and gy are the minimum and maximum observed values in the dataset.
4.2.4. Data Synchronization

Since 10T devices generate readings at different time intervals, time-series alignment is necessary. We perform
resampling using linear interpolation as shown in Equation 5:

O= O+(F=2=) - 5)

+

where () represents the synchronized value at time , interpolated between two adjacent timestamps  and

+1
4.2.5. Feature Extraction

To enhance predictive performance, we derive essential features such as heart rate variability (HRV), calculated
as the standard deviation of RR intervals from ECG signals as shown in Equation 6:

= ( - ) (6)

where is the -th RR interval (time between heartbeats) and " is the mean RR interval.
4.3. Predictive Analytics

After preprocessing, machine learning and deep learning models for anomaly detection and emergency response
optimization:
4.3.1. Anomaly detection using Autoencoders:

Autoencoders are unsupervised neural networks used to detect abnormal patterns in IoT health data by learning
a compact representation of normal behavior. They reconstruct input data and measure reconstruction error to
identify anomalies, such as irregular heartbeat patterns or sudden drops in oxygen levels as shown in Equation 7:

=1 — 12 (7
where s the reconstruction loss, is the input sensor data, and is the reconstructed output.

The model learns from normal health data to compress and rebuild it accurately. When new data comes in, it
tries to reconstruct it. If the difference is too high, it signals an anomaly, like a heart attack. In such cases, the
system alerts emergency services immediately. Autoencoders help detect emergencies in real-time by
distinguishing between normal health changes and serious conditions.
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4.3.2. Time-series forecasting using LSTMs:

Long Short-Term Memory (LSTM) networks are specialized Recurrent Neural Networks (RNNs) designed for
handling sequential data. They are ideal for predicting future health conditions based on past data trends as
shown in Equation 8:

= ( + 1+ ) )
where  is the hidden state, istheinput, - -and are weight matrices and bias terms.

LSTMs learn from past health data to predict risks like high blood pressure or irregular heartbeats. If a danger is
detected, the system alerts doctors early, helping prevent emergencies and hospital visits.

4.4. Evaluation Metrics
To validate our IoT-based predictive healthcare analytics, we use the following metrics:
4.4.1. Accuracy of Health Event Prediction

Accuracy shows how well the system classifies health conditions correctly. A high accuracy means fewer errors
in detecting emergencies, ensuring better response and reducing unnecessary alerts. However, since missing a
real emergency (FN) can be dangerous, accuracy alone isn’t enough—other metrics like precision and recall are
also important as shown in Equation 9:

+

)

Accuracy = —
where ., ,and represent true positives, true negatives, false positives, and false negatives,
respectively.

4.4.2. Response Time Optimization

Let .4 and ., be the average emergency response times before and after implementing our system. The
percentage improvement as shown in Equation 10:

A =4 x100% (10)

old

4.4.3. 10T Data Reliability and Uptime

This metric measures how reliable the IoT health monitoring system is. A high uptime percentage means the
system is working most of the time, ensuring continuous health monitoring. If uptime is low, it indicates
frequent failures, which can lead to missed emergency alerts and unreliable data as shown in Equation 11.

Uptime % = (1 — 42222 ) x 100 (11)

total

where  gowntime 1 the total duration of IoT sensor failures, and ., is the total operational time.
4.4.4. Resource Allocation Efficiency

Resource Allocation Efficiency ensures that ambulances, medical staff, and equipment are used effectively to
respond to emergencies. By analyzing real-time IoT health data, the system predicts when and where medical
help is needed. This helps dispatch ambulances faster, manage hospital beds better, and reduce delays,
improving patient care and saving resources as shown in Equation 12.

Efficiency = —=1—x 100 (12)

=1
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where  represents utilized resources (e.g., available ICU beds, dispatched ambulances), and  represents total
resources allocated.

5. Result

The results section presents the effectiveness of our proposed IoT-based health monitoring and predictive
emergency response system. We evaluate the system using key performance metrics that measure its accuracy,
reliability, and efficiency. These results demonstrate how well our approach improves real-time health
monitoring, early emergency detection, and optimal resource management.

5.1. Performance Evaluation
Table 1 shows how well the proposed IoT-based system performs in predicting health events, reducing response
times, ensuring reliable data collection, and efficiently using medical resources. The high values confirm its

effectiveness in improving emergency healthcare response.

Table 1: Performance Evaluation of the Proposed loT-Based System

Method Proposed IoT-Based System
Health Event Prediction Accuracy (%) 92%
Response Time Optimization (%) 85%
IoT Data Reliability & Uptime (%) 95%
Resource Allocation Efficiency (%) 90%

5.2. Accuracy of Health Event Prediction

Accuracy measures how well the system correctly identifies health events, including both normal and
emergency conditions. A higher accuracy indicates better performance in distinguishing between critical health
anomalies and normal variations as shown in Figure 2.

_— 0Accuracy of Health Event Prediction in Different Situations
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Figure 2: Accuracy of Health Event Prediction

Bar chart showing the accuracy of health event prediction in different situations. It illustrates how the accuracy
varies across normal conditions, mild symptoms, critical conditions, and emergency cases.

5.3. Emergency Response Time Reduction
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This metric evaluates how much our system reduces the time taken for medical response compared to
conventional emergency systems. Faster response times increase survival rates and improve patient outcomes as
shown in figure 3.

Reduction in Emergency Response Time
161
141
12t
10t

Response Time (minutes)

EPefore loT After loT

Figure 3: Emergency Response Time Reduction

This figure 3 compares the average emergency response times before and after implementing the IoT-based
system, demonstrating significant improvements in efficiency.

5.4. IoT Data Reliability and Uptime

Reliability measures the system’s ability to function without failures, ensuring continuous monitoring of patient
health. High uptime indicates fewer disruptions in real-time health data collection as shown in Figure 4.

loT System Uptime and Reliability

Uptime
Downtime

Figure 4: [oT Data Reliability and Uptime

This figure 4 illustrates the percentage of time the system remains active without failures, ensuring continuous
health monitoring.

5.5 Resource Allocation Efficiency
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This metric assesses how well the system optimizes the use of ambulances, medical staff, and hospital resources
based on real-time data. Efficient resource allocation reduces overcrowding and ensures that critical patients
receive timely care as shown in Figure 5.

Improvement in Resource Allocation Efficiency

B Traditional
I [oT-Based

Resource Usage (%)

Ambulances Hospital Beds Medical Staff

Figure 5: Resource Allocation Efficiency

These evaluation metrics validate the effectiveness of our system in improving healthcare response,
demonstrating better accuracy, reduced response times, high reliability, and efficient resource utilization.

Table 2 compares different emergency response methods. The proposed IoT-based system performs the best,
offering high accuracy, fast response times, reliable data, and efficient resource use.

Table 2: Comparison of Emergency Response Systems

Method Health Event Response Time IoT Data Resource
Prediction Optimization Reliability & Allocation
Accuracy Uptime Efficiency
Traditional Rule- Low Low Moderate High
Based Systems
Machine Moderate High High Moderate
Learning-Based
Methods
Deep Learning- High High Moderate High
Based Systems
Proposed IoT- High High High High
Based System

6. Conclusion and Future Works

The proposed IoT-based emergency response system greatly improves healthcare monitoring and emergency
management. It achieves 92% accuracy in detecting health events, reducing missed emergencies. Response
times improve by 85%, ensuring faster medical help. With 95% uptime, the system provides reliable, continuous
monitoring. Resource use is 90% efficient, ensuring ambulances and hospital resources are used effectively.
These results show the system outperforms traditional methods. Future work will focus on improving accuracy
with advanced Al, adding more wearable sensors, and testing on a larger scale for better real-world performance.
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