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Abstract

Epilepsy is one of the most common chronic neurological disorders,
affecting approximately 10-12 million people in India and nearly 65
million people worldwide. It is considered the fourth most common
neurological condition after migraine, Alzheimer’s disease, and stroke.
Epileptic seizures can cause serious health risks such as falls, head
injuries, fractures, burns, breathing difficulties, and convulsive status
epilepticus, creating anxiety among patients, parents, and caregivers. To
address this problem, this paper proposes a wearable IoT-based seizure
alert system for real-time seizure detection and emergency notification.
The proposed system uses an ESP32-C3 microcontroller, MAX30102
heart rate and SpO; sensor, MPU6050 accelerometer and gyroscope, and
an EMG sensor to monitor physiological parameters and abnormal
muscle movements associated with seizures. When a seizure is detected,
the device automatically sends an SMS alert with the user’s location to
caregivers or family members and activates a speaker alert to notify
nearby people. Prototype-level testing under controlled laboratory
conditions demonstrated an estimated seizure detection accuracy of
92.5% of 5.2%, and a response time of 3-5 seconds, demonstrating that
it is a reliable, real-time, and efficient solution for epilepsy monitoring.

Keywords: Epilepsy monitoring; ESP32-C3; Seizure detection; Wearable
healthcare; Internet of Things (10T); Multi-sensor fusion; Heart rate and
SPO2 Monitoring; Emergency alert system.
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1. Introduction

Epilepsy is a serious neurological disorder affecting
millions of individuals worldwide.l11t is characterized by
sudden and unpredictable seizures, resulting from
abnormal electrical activity in the brain.2 These seizures
can vary in intensity, causing loss of consciousness,
involuntary movements, and serious physical injuries.[s
The unpredictability of seizures poses severe risks, such
as falls, accidents, and even sudden unexpected death in
epilepsy (SUDEP).41 Consequently, real-time seizure
detection and alert systems are critical for ensuring
timely intervention and enhancing patient safety.571 In
the medical field, traditional methods for epilepsy
monitoring include video-electroencephalography (v-
EEG) and electrocardiography (ECG).i#-101 These methods
are commonly used in hospitals to diagnose and analyze
seizure patterns by capturing brain activity, body
movements, and heart rate fluctuations.ltll However,
these techniques have several limitations, including high
costs, the need for specialized clinical settings, and
prolonged monitoring, making them impractical for
everyday use.[12l Due to these limitations, there has been
a growing interest in wearable loT-based seizure
detection systems that offer continuous real-time
monitoring while allowing patient mobility.13-181 With
advancements in embedded systems and sensor
technology, researchers have developed motion-based
seizure detection using accelerometers and gyroscopes,
such as MPU6050, to identify abnormal movement
patterns.it9-221 Additionally, heart rate sensors are
increasingly used to monitor sudden physiological
changes associated with seizures.23-26] Several studies
have explored microcontroller-based solutions,
leveraging devices like ESP32 or Arduino to process
sensor data and trigger emergency alerts.[27-29]
Furthermore, GSM modules (SIM800L/SIM900A) have
been integrated to send automated SMS notifications to
caregivers, ensuring immediate assistance, even in
remote areas without Wi-Fi connectivity.3031 Our
proposed project builds upon these existing technologies
by introducing a wearable epileptic seizure alert system
utilizing ESP32C3 XIAO as the central processing unit.
The system integrates an MPU6050 motion sensor, a
heart rate sensor, and a DF-Player Mini with a speaker
module to detect seizure activity and provide both
audible and SMS-based alerts. By incorporating GPS
tracking, the system enables caregivers to quickly locate
the patient in case of an emergency.32331 Unlike hospital-
based monitoring methods, our lightweight, portable,
and cost-effective solution offers continuous real-time
monitoring, improving response times and overall
patient safety. Addressing key challenges such as power
efficiency, false alarms, and latency in alert transmission,
our research contributes to the advancement of wearable
healthcare technology for epileptic seizure detection and
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emergency response.293435s1 The system activates an
emergency response mechanism, which includes:
Audible Alert System - A DF-Player Mini module with a
speaker generates a warning sound to alert nearby
individuals. Emergency SMS Notification - A GSM module
(SIMB00OL/SIM900A) automatically sends an alert
message to caregivers, ensuring quick intervention. GPS
Tracking for Emergency Location - A GPS module tracks
the patient’s location and shares it with caregivers in real
time.

Compared to traditional hospital-based EEG
monitoring, our system is designed to be lightweight,
cost-effective, and user- friendly, allowing patients to
move freely while benefiting from continuous real-time
monitoring. This approach significantly reduces
response time during seizures, making it an effective and
practical solution for epilepsy management. The primary
contributions of this work include: Development of a
wearable, real-time epileptic seizure detection system
with minimal intrusion into the patient’s daily life.
Integration of multi-sensor technology (motion and heart
rate sensors) for accurate seizure detection.
Implementation of an emergency alert system combining
audible alarms, SMS notifications, and GPS tracking for
immediate assistance. Optimization of power
consumption to ensure prolonged battery life for
uninterrupted monitoring.

2. Literature survey

Epilepsy is a chronic neurological disorder characterized
by recurrent and unpredictable seizures that pose
serious risks to patient health and safety.i*21 Over the
years, various seizure detection and alert systems have
been developed using physiological signals, motion
sensors, and wireless communication technologies.34
Existing seizure detection approaches can be broadly
classified into EEG-based systems, motion-based
systems, physiological signal-based systems, and
wearable IoT-based healthcare systems.[514241 Early
research by Shoeb and Guttag demonstrated the use of
electroencephalogram (EEG) signals combined with
machine learning techniques for seizure detection.”!
Although EEG-based systems provide high detection
accuracy, they require complex signal processing,
clinical-grade equipment, and continuous monitoring,
making them less suitable for portable wearable
applications.[791036371 To improve wearability and real-
time monitoring, researchers explored motion-based
seizure detection using accelerometers and gyroscopes.
Motion-based systems effectively detect repetitive and
high-amplitude body movements associated with seizure
activity, but they often generate false positives during
normal physical activities such as running or sudden
movements.452130] Physiological signal monitoring has
also gained considerable attention for seizure detection.
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Van Elmpt et al. reported significant heart rate variations
during seizure episodes, while Poh et al. demonstrated
that physiological indicators such as heart rate variability
improve seizure detection reliability.[12131  These
approaches help identify abnormal physiological changes
that occur during epileptic events and enhance detection
accuracy when combined with motion analysis.[3238]

Recent advancements in wearable healthcare
technology and IoT systems have enabled the
development of real-time remote seizure monitoring
solutions. Wearable sensor-based healthcare systems
provide continuous physiological monitoring and
improve patient mobility compared to traditional
hospital-based monitoring methodsi(s15181 In addition,
GSM-based emergency alert systems have been
integrated into wearable healthcare devices to send
automatic  notifications to  caregivers  during
emergencies, ensuring timely medical assistance.[831
Machine learning, deep learning, multimodal sensing,
and adaptive IoT architectures have further enhanced the
reliability of seizure detection systems.[2235-39 Recent
studies have also demonstrated the benefits of wearable
digital health technologies, energy-efficient embedded
systems, and clinical seizure detection devices for long-
term epilepsy monitoring.[7.15262940-421 These studies
indicate that combining motion sensing, physiological
monitoring, machine learning, and wireless
communication technologies can significantly improve
the reliability and effectiveness of wearable epileptic
seizure detection systems.

2.1 Research gap

Despite significant advancements, existing systems
suffer from limitations such as high false alarm rates,
incomplete physiological monitoring, and limited real-
time alert capabilities. Most solutions rely on either
motion-based or physiological parameters
independently, which fails to capture the complete
characteristics of seizure events.

2.2 Proposed-approach

To address these limitations, the proposed system
integrates motion, heart rate, Sp0O,, and EMG signals
within a wearable IoT platform. By employing a multi-
sensor fusion approach along with real-time alert
mechanisms and GPS-based location tracking, the system
improves detection accuracy, reduces false positives, and
ensures timely emergency response. Table 1 presents a
comparison of existing seizure detection systems based
on their sensing techniques, features, and limitations. It
highlights that most existing approaches lack
comprehensive multi-sensor integration and reliable
real-time alert mechanisms.

3. Real-time methodology

Journal of Information and Communications Technology: Algorithms, Systems and Applications

In this section, we present a wearable loT-based epileptic
seizure detection and alert system designed for real-time
monitoring and emergency response. The system aims to
provide an efficient, non-intrusive, and reliable solution
for individuals with epilepsy, offering continuous health
monitoring and instant alert mechanisms. The overall
flow of our proposed system is shown in Fig. 1. Flowchart
of Seizure Alert System, consisting of two main phases:
signal acquisition and processing and emergency alert
mechanism, is shown in Fig. 2. Each of these steps is
thoroughly explained in the following subsections. The
effectiveness of seizure detection depends on accurate
data collection and efficient signal processing. The
proposed wearable system utilizes multiple biosensors
embedded within the device, including an MPU6050
motion sensor, a pulse sensor for heart rate monitoring,
and a GPS module, all controlled by the ESP32C3 XIAO
microcontroller. These sensors continuously collect real-
time physiological and motion-related data from the
user, while the ESP32C3 processes the incoming sensor
data to identify abnormal conditions associated with
epileptic seizures. The MPU6050 sensor, consisting of a
3-axis accelerometer and gyroscope, continuously
monitors body movements and orientation. Seizure
activity is characterized by abnormal movement patterns
such as rhythmic shaking, sudden jerks, and
uncoordinated body movements. To differentiate seizure
activity from normal daily movements, a threshold-based
motion detection algorithm is implemented. The

algorithm analyzes motion features including
acceleration spikes beyond normal movement
thresholds, angular velocity variations caused by

involuntary jerking, and the frequency and duration of
repetitive body movements. An adaptive filtering
technique is applied to remove unwanted noise from the
motion data while preserving critical seizure- related
features. If the detected motion parameters exceed
predefined threshold values for a sustained period, the
system identifies the condition as a possible seizure
event. In addition to motion analysis, the wearable device
continuously monitors heart rate variations using a pulse
sensor.

Epileptic seizures often cause physiological changes
such as tachycardia (rapid heart rate) or bradycardia
(slow heart rate). The ESP32C3 microcontroller records
and analyzes baseline heart rate patterns, sudden heart
rate surges or drops, and heart rate variability during
seizure events. Moving average filtering and peak
detection algorithms are employed to improve
measurement accuracy and reduce signal noise. The
system cross-validates abnormal motion data with heart
rate fluctuations to minimize false positives, ensuring
that normal physical activities such as running or sudden
movements do not trigger unnecessary seizure alerts.
The ESP32C3 XIAO serves as the central processing unit
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Table 1: Comparison of existing seizure detection system.

RefNo. Author/Year Methodology used Technologies Key features Results/Outcome Limitations
[41] Djemal etal.  EMG-based seizure Wearable EMG Automatic seizure High seizure Limited to EMG
(2023) classification Sensor, ML classification using  classification signals only
muscle activity performance
[38] ElSayed et al. IoT-based adaptive 10T, Machine Adaptive Improved remote Requires ML
(2023) seizure detection  Learning architecture for healthcare training and
epilepsy monitoring monitoring optimization
[35] Ingolfsson et  Energy-efficient Embedded A], Low-power seizure  Reduced Limited clinical
al. (2023) embedded Wearable Sensors detection system computational power validation
detection consumption
[15] Donneretal. Wearable digital Wearable Continuous epilepsy Improved patient Commercial
(2024) health monitoring Sensors, Digital monitoring management deployment
Health Platform challenges
[16] Bernini et al.  Ambulatory Wearable Devices Real-world seizure  Enhanced Variable
(2024) seizure detection detection outside ambulatory performance across
hospitals monitoring seizure types
[17] Sassevilleet ~ Wearable seizure =~ Wearable Analysis of device Demonstrated Device-specific
al. (2024) detection review Biosensors performance and practical clinical limitations
usability benefits
[26] Baumgartner Seizure detection =~ Wearable Clinical assessment Comprehensive Device performance
etal (2025)  device review Detection Devices of seizure detectors evaluation of varies
technologies
[22] Faust et al Machine learning ~ Wrist-worn Detection of multiple Improved wearable  Dependent on
(2025) wearable detection Sensors, ML seizure types detection capability  training data quality
[43] Bhagubai et al. Multimodal EEG, ECG, EMG, Large wearable Supports Dataset-focused
(2025) epilepsy dataset Accelerometer, epilepsy dataset development of study
Gyroscope advanced algorithms
[19] Jeppesen et al. Clinical wearable =~ Wearable ECG Automated seizure  Clinical validation of Limited to ECG-
(2025) ECG detection Device detection wearable monitoring based detection
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Provides power to all modules

Fig. 1: Block diagram of seizure alert system.
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Fig. 2: Flow diagram of seizure alert system.

responsible for real-time seizure detection and decision-
making using a decision tree-based anomaly detection
algorithm. The algorithm compares detected motion
patterns and physiological changes with predefined
seizure markers to determine whether the user is
experiencing a seizure.

When both abnormal movement and irregular heart
rate patterns are detected simultaneously, the system
confirms the seizure event and activates the emergency
alert mechanism. To reduce computational load and
improve battery efficiency, the system operates in a low-
power mode whenever no abnormal activity is detected.
Once a seizure is confirmed, the system automatically
activates emergency alert features to notify caregivers,
family members, and nearby individuals. A DF-Player
Mini module connected to a mini speaker plays a pre-
recorded emergency voice message to alert nearby
people and request immediate assistance. This audible
alert mechanism is particularly useful when the affected
individual is alone or in public places where rapid help
may be required. Table 2 lists the predefined threshold
values used for seizure detection. These thresholds are
selected based on observed physiological and motion
characteristics during tonic-clonic seizure events. A
seizure is detected only when multiple parameters
simultaneously exceed their respective thresholds,
thereby reducing false alerts. To help emergency
responders locate the affected person, a GPS module

Journal of Information and Communications Technology: Algorithms, Systems and Applications

continuously updates the user’s location. The longitude
and latitude coordinates are transmitted via SMS to
caregivers, enabling them to reach the individual quickly.
The location data is refreshed every few seconds,
ensuring accurate real-time tracking until the seizure
episode ends. This feature is particularly crucial for
individuals who experience seizures in public places,
while traveling, or living alone.

Table 2: Threshold values used for seizure detection.

Parameter Sensor used Threshold condition

Heart rate MAX30102 >120 BPM

SpO; level MAX30102 <92%

Body motion MPU6050 High repetitive
acceleration

Muscle EMG sensor High amplitude muscle

activity contraction

4. Experimental setup and results

In below Fig. 3 the experimental setup and performance
evaluation of our proposed wearable epileptic seizure
detection system. The system’s functionality is tested
using real- time motion and physiological data
acquisition. The experimental study consists of four
subsections: sensor calibration and data acquisition,
hardware implementation, performance evaluation, and
power consumption analysis Database. The MPU6050
motion sensor was calibrated using a zero-motion

gr-journals.com | 5


https://doi.org/10.64189/ict.26308
https://gr-journals.com/journals/ictasa
https://gr-journals.com/

Research Article

https://doi.org/10.64189/ict.26308

MPUG050
sensor

Heart rate
sensor

ESP32C3 —T

Aluarible alert

DFPlayer Mini
with Speaker

SEIZURE
ALERT!

GPS code
Lat: 34.05
Long: 118.25

GSM
module

>

SMS

Fig. 3: Experimental setup for [oT-based human wearable epileptic seizure alert system.

reference method along with a six-point orientation test
to minimize drift and improve motion accuracy. Sensor
data was sampled at a frequency of 100 Hz, and a low-
pass filtering technique was applied to eliminate noise
artifacts and unwanted disturbances from the collected
motion signals. For heart rate monitoring, the pulse
sensor was tested under controlled conditions to ensure
reliable and accurate readings. A baseline heart rate was
recorded for each subject, and a threshold-based
detection method was implemented to identify abnormal
spikes or sudden drops in heart rate that may occur
during seizure episodes. Seizure-like motion patterns
were simulated through controlled experimental tests
based on clinically observed tremors and abnormal body
movements associated with epileptic seizures.

The collected sensor data was continuously logged
and processed in real time using the ESP32C3 XIAO
microcontroller. The proposed wearable system was
designed as a compact, low-power, and real-time seizure
detection bracelet integrating multiple hardware
components for continuous monitoring and emergency
response. The ESP32C3 XIAO microcontroller serves as
the central processing unit responsible for sensor data
acquisition, signal processing, and real-time decision-
making. The MPU6050 accelerometer and gyroscope
sensor detects abnormal body movements and
orientation changes indicative of seizure activity. A pulse
sensor continuously monitors the user’s heart rate and
identifies irregular fluctuations that may correlate with
seizure events. In addition, a DF-Player Mini module
connected to a speaker generates an audible alert to
notify nearby individuals and provide immediate
assistance during emergencies. Fig. 4 represents the
circuit connections of a sensor-based monitoring system
using ESP32C3. Various sensors such as MPU6050 and
MAX30102 are interfaced with the microcontroller to
collect real-time data. The system also includes a muscle

6 | gr-journals.com

sensor and MP3 module for additional functionalities like
signal detection and audio output. All components are
interconnected to enable efficient data processing and
monitoring.

5. Performance evaluation
The performance of the proposed seizure detection
system was evaluated using real-time motion and
physiological data collected under multiple testing
conditions. The system was tested in two major
scenarios: seizure simulation and normal daily activities.
Seizure simulation experiments were conducted to
evaluate the capability of the system to accurately
identify seizure events, while normal activity testing was
performed to analyze system robustness and reduce false
positive detections during routine movements.
Experimental results demonstrated that the proposed
system achieved a seizure detection accuracy of 92.5%
with a false positive rate of 5.2%, indicating reliable and
efficient performance in real-time monitoring
applications. Compared to traditional EEG-based systems
and motion-only detection methods, the proposed multi-
sensor wearable system provided improved detection
accuracy while maintaining a lightweight, portable, and
user- friendly design. To further enhance performance,
two different detection approaches were analyzed: a
generic detection model using fixed threshold values and
a personalized detection model using adaptive
thresholds based on individual physiological and
movement patterns. The experimental evaluation
revealed that the personalized model significantly
outperformed the generic model by improving detection
accuracy by 12.4% and substantially reducing false
positive detections. These results highlight the
effectiveness of adaptive thresholding techniques in
wearable epileptic seizure detection systems and
demonstrate the importance of personalized monitoring
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Fig. 4: Circuit diagram of seizure alert system.

for achieving higher reliability and better patient safety.
From Table 3 it is evident that the proposed system
outperforms generic and personalized models in terms of
detection accuracy, false positive reduction, and
response time. The integration of multi-sensor data,
including motion, heart rate, SpO,, and EMG signals,
significantly enhances the reliability of seizure detection
while ensuring efficient real-time alert generation.

5.1 Power consumption and system lifetime analysis
The power consumption of the system is evaluated by
measuring the current draw of each component. The key
observations are:

XIAO ESP32-C3: ~70mA in active mode,

~10mA in deep sleep mode.

MPU6050 (Motion Sensor): ~3.9mA in active mode,
~6pA in sleep mode.

GSM Module (SIM800L/SIM900A): ~100-150mA in idle
mode, up to 2A during transmission.

5.2 Push button
Negligible power consumption.

The Node-MCU enters deep sleep mode when no
motion is detected. The GSM module remains in power-
saving mode, waking only for SMS transmission. The

MPU6050 operates intermittently to detect critical
motion patterns, reducing unnecessary power
consumption.

6. Results and discussion

This section presents the experimental evaluation of the
proposed IoT-based wearable epileptic seizure alert
system. The system performance is analyzed based on
physiological, motion, and muscle activity parameters
collected using the MAX30102, MPU6050, and EMG
sensors. Prototype-level testing was conducted under
controlled conditions to validate the effectiveness of the
multi-sensor fusion approach.

6.1 Heart rate and SpO, analysis

Heart rate and blood oxygen saturation are critical
physiological parameters that exhibit noticeable
variations during tonic-clonic seizure events. In the
proposed system, these parameters are continuously
monitored using the MAX30102 sensor to identify
abnormal physiological behavior. As shown in the Table 4,
the heart rate increases significantly during seizure
activity compared to the normal resting state. This
accessible solution for patients. Overall, this wearable
seizure detection system can significantly improve

Table 3: Performance comparison.

Parameter Generic model Personalized model Proposed system
Detection accuracy 80.1% 89.2% 92.5%

False positive rate  14.8% 8.3% 5.2%

Response time 8-10 sec 5-7 sec 3-5sec

Parameters used Motion only Motion + HR Motion + HR + SpO, + EMG

Journal of Information and Communications Technology: Algorithms, Systems and Applications
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Fig. 5: The acceleration pattern recorded by the MPU6050 sensor during epileptic seizure activity.

patient safety by providing timely alerts to family
members, reducing the risks associated with epileptic
sudden rise in heart rate indicates abnormal
cardiovascular response and contributes to seizure
detection reliability. Table 5 illustrates a noticeable
decrease in SpO, levels during seizure events. This
reduction reflects respiratory irregularities that often
occur during tonic- clonic seizures, supporting the use of
SpO0; as an important physiological indicator.

Table 4: Comparison of heart rate values during normal and
seizure condition.

Condition Heart Rate (BPM)
Normal 72-85
Seizure 120-150

Table 5: Variation in SpO; levels during normal and seizure
condition.

Condition Sp0, (%)
Normal 95-99%
Seizure 88-92%

6.2. Motion and muscle activity analysis

Tonic-clonic epileptic seizures are characterized by
sudden, repetitive, and involuntary body movements. To
capture these motion patterns, the proposed system

utilizes the MPU6050 sensor, which measures tri-axial
acceleration of the user’s body, as shown in Fig. 5. During
normal daily activities, the acceleration values remain
relatively stable and low, whereas seizure events
produce high-amplitude and repetitive acceleration
spikes. Tonic-clonic epileptic seizures are characterized
by sudden, repetitive, and involuntary body movements.
To capture these motion patterns, the proposed system
utilizes the MPU6050 sensor, which measures tri-axial
acceleration of the user’s body. During normal daily
activities, the acceleration values remain relatively stable
and low, whereas seizure events produce high-amplitude
and repetitive acceleration spikes. Analyzing these
motion patterns enables effective differentiation
between normal movement and seizure-induced activity.
Tonic-clonic seizures are characterized by involuntary
body movements and muscle stiffness. To capture these
features, the MPU6050 sensor and EMG sensor are
employed in the proposed system. Fig. 6 shows an
increase in EMG signal amplitude during seizure activity,
representing involuntary muscle contractions and
stiffness. This parameter enhances detection accuracy
when combined with motion and physiological data The
experimental results demonstrate that the integration of
physiological, motion, and muscle activity parameters

EMG Signal Variation During Seizure

0.8

o
a

EMG Signal Amplitude
c
&

0.2 1

\"”'\/\/\/\’\/\""\/\q

AV

MW/

0 2 M

6 8 10

Time (seconds)

Fig. 6: EMG signal variation indicating muscle stiffness during seizure events.
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enhances seizure detection reliability. Unlike single
parameter systems, the proposed multi-sensor approach
reduces false positives and improves robustness in real-
world scenarios. Although the system is evaluated at the
prototype level, the obtained results indicate strong
potential for wearable epilepsy monitoring applications.

7. Conclusion

In this paper, we have presented a wearable epileptic
seizure detection bracelet designed for real-time
monitoring and emergency alerting. Our experimental
evaluation demonstrates that by integrating XIAO ESP32-
C3, MPU6050, and a GPS module, the system effectively
detects seizure- related motion patterns and transmits
alerts to caregivers. The system achieves real-time
seizure detection while maintaining a battery life of
approximately 14- 16 hours on a 1200mAh battery. By
implementing low-power sleep modes, the operational
lifetime can be extended, ensuring efficient long-term
usage. Furthermore, the optimized feature extraction
process, using a four-second sliding window with 80%
overlap, enables accurate seizure classification while
balancing computational efficiency and power
consumption. Additionally, the compact and lightweight
design enhances the wearability of the device, making it
a portable and practical solution for seizure monitoring.
The system’s low energy consumption and reduced
dependency on Wi-Fi make it a suitable alternative to
hospital- based monitoring, providing an affordable and
seizures, and ultimately enhancing the quality of life for
individuals with epilepsy.
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