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Abstract : Healthcare has increasingly turned to Internet of Things technology over the past several years,
opening the door to constant, remote tracking of patients and anyone who needs safety supervision. This paper
introduces VitalGuard, a smart loT-driven health and safety monitoring setup built to keep watch over key
physiological signals and step in quickly whenever an emergency arises. Built around an Arduino Nano board,
the system pulls together several sensors that together measure heart rate and blood oxygen levels, pick up on
motion and sudden falls, and flag nearby obstacles.

Whenever something goes wrong — vital signs slipping outside the normal range, a fall being detected, or the
user pressing the SOS button by hand — the device pulls its current GPS coordinates and fires off alert texts to
contacts set up in advance, using a GSM module. A buzzer also sounds locally so anyone nearby can hear and
respond. Because the whole unit runs on battery power and is built to be carried around, it suits continuous,
everyday use, which makes it a strong fit for elderly care, ongoing patient monitoring, and general personal
safety. Testing results show the setup delivers dependable, budget-friendly performance for real-time health
tracking and emergency response through loT technology.

Keywords : Internet of Things (loT), Smart Health Monitoring, Arduino Nano, Fall Detection, GSM Communication,
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1. INTRODUCTION:

The Internet of Things (IoT) has expanded rapidly in recent years, and healthcare is one of the fields that has benefited
the most from it. Networks of connected sensors and embedded hardware now gather physiological data and pass it
along to doctors or caregivers, cutting down the need for constant hospital visits and making patient safety easier to
maintain [10], [15].

Conventional health-monitoring approaches lean on scheduled clinic visits, and for elderly people, patients dealing
with chronic illness, or anyone living alone, that schedule often isn't tight enough to catch problems in time. Wearable
and portable monitoring devices have stepped in to close this gap, keeping constant watch over indicators such as
heart rate, oxygen saturation, and physical activity [4], [5]. Because these tools never stop watching, they catch
abnormal conditions early and cut down the odds of a serious medical emergency slipping through unnoticed.

VitalGuard was built to fill exactly this role — a smart IoT health and safety system meant to track vital signs in real
time and step in during emergencies. An Arduino Nano sits at the centre of the design, chosen for its small footprint,
modest power draw, and the ease with which it connects to a range of sensors [1], [3]. On the biomedical side, a pulse
oximeter sensor handles heart rate and blood oxygen readings, while an accelerometerand-gyroscope combination
takes care of spotting motion and falls [6], [7]. Pairing these sensor types this way boosts both the accuracy and the
dependability of detecting a genuine health event.
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Beyond simply monitoring health, knowing where the user is and being able to communicate wirelessly matter just
as much in any emergency-response setup. GPS gives the system a way to pin down location instantly, and GSM-
based messaging means alerts still get through even where no internet connection is available [8], [9]. Together, these
two pieces guarantee that both health readings and location details reach the right contacts without delay:.

In short, VitalGuard's goal is to bring [oT, embedded electronics, and wireless messaging together into one affordable,
portable, and trustworthy safety package. Since it supports both automatic detection and a manual SOS option, the
design adds an extra layer of personal protection and shows how IoT concepts can be put to practical use within
modern healthcare monitoring.

2. TOOLS AND TECHNOLOGY :

Building VitalGuard called for pairing the right hardware with the right software so the system could track health
readings, pinpoint location, and generate emergency alerts, all in real time. Every component was picked with
reliability, low power draw, straightforward integration, and affordability in mind.

Hardware Components :

A. Arduino Nano
The Arduino Nano sits at the heart of VitalGuard, acting as its central processor. Its job is to pull in data from
every connected sensor, run the decision logic, and control outputs such as the GSM module and the buzzer.
Because it handles both analog and digital signals efficiently and supports serial as well as I*C
communication, several components can run at once without conflict. Its small footprint and modest power
needs make it a natural choice for a portable device meant to monitor health around the clock.

' Fig.2.1 : Arduino Nano

B. SIM900A GSM Module

For sending emergency SMS alerts, VitalGuard relies on the SIM900A GSM module. It runs on dualband
frequencies (900/1800 MHz) and talks to the Arduino Nano over UART serial. Once triggered, it packages
up the user's live GPS coordinates and vital-sign readings and fires them off as a text message to a pre-set
mobile number. A steady 3.7—4.2V supply from the Li-ion battery keeps it running reliably, and it relies on
AT commands to send and receive messages. Since it doesn't depend on Wi-Fi, it can still get data through
even in places with no internet access.

Fig.2.2 : SIM900A GSM Module
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C. MAX30102 Pulse Oximeter Sensor

Continuous tracking of heart rate and blood oxygen saturation (SpO-) falls to the MAX30102 sensor. It shines red and
infrared light through the skin and reads how that light bounces back, since blood flow changes the reflection pattern.
Internal processing then converts these signals into usable biomedical readings. Built with wearable use in mind, it
sips very little power, so the system can run for extended stretches without needing frequent recharging..

|

Fig.2.3 : MAX30102

D. MPU6050 Motion Sensor
The MPU6050 packs a 3-axis accelerometer and a 3-axis gyroscope into one module, capturing linear

acceleration, angular velocity, and shifts in orientation. Within VitalGuard, its main job is catching sudden
movement and falls. By keeping constant tabs on motion patterns, the system can pick out unusual behaviour
— a hard impact or an odd posture — and use that to set off an emergency alert.

Fig.2.4 : MPU6050

E. NEO-6M GPS Module
The NEO-6M module handles real-time location tracking, pulling in signals from several GPS satellites at

once to work out the user's latitude and longitude with solid accuracy. That location data becomes critical the
moment an emergency hits, since it lets caregivers or first responders find the user without delay. It keeps

running continuously, refreshing the location at set intervals.

Fig.2.5 : NEO-6M GPS Module
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F. TP4056 Battery Charging Module
A compact linear charging and protection circuit, the TP4056 module is built for single-cell 3.7V Li-ion
or Li-Po batteries. It guards against overcharging, over-discharging, and short circuits, which keeps the battery
both safe and long-lived. Power comes in through a microUSB port, and the module puts out a regulated
charging current suited to portable gear. Here, it charges the battery and, through a boost converter that steps
voltage up to 5V, powers the Arduino Nano and the sensors — keeping the system's power supply stable and
portable throughout.

Fig.2.6 : TP4056

G. Ultrasonic Sensor (HC-SR04)
Distance between the device and whatever is nearby gets measured by the ultrasonic sensor, which sends out
high-frequency sound pulses and works out distance from how long the echo takes to return. Within
VitalGuard, this sensor adds another layer of safety by picking up obstacles or hazards close to the user, giving
the system a read on its surroundings.

Fig.2.7 : HC-SR04

H. Push Button
A push button gives the user manual control over the SOS function, letting them fire off an emergency
alert on demand no matter what the sensors happen to be reading. That matters most in situations where
someone feels unsafe or unwell but the automatic detection hasn't picked up on anything yet. Having this direct
control adds another layer of dependability to the whole emergency-response setup.

Fig.2.8 : Puch Button
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L. Battery (Li-ion 3.7V) -
Power for the whole system comes from a rechargeable 3.7V Li-ion battery, which stores enough energy to keep things
running over long stretches. The TP4056 module charges it, and from there it feeds power straight to the SIM900A
module while also running a boost converter that supplies the Arduino and sensors at 5V. Given its high energy density,
reusability, and compact size, it's a natural fit for mobile or wearable devices, and it keeps VitalGuard portable and
functional even when no external power source is around.

|

Fig.2.9 : Lio-ion 3.7V

Software Components :

A. Arduino IDE

Writing, compiling, and uploading code to the Arduino Nano all happens through the Arduino IDE, a straightforward
environment for building embedded applications. It handles serial communication and debugging, and it supports
pulling in the external libraries needed to interface with the sensors and communication modules.

B. Embedded C/C++ Programming

C/C++ programming forms the backbone of the system's logic — covering sensor data collection, comparing readings
against thresholds, detecting emergencies, handling GPS data, formatting GSM messages, and triggering alerts. Writing
this efficiently keeps the system responsive in real time and its behaviour dependable.

C. I’C Communication Protocol

Communication between the Arduino Nano and sensors such as the pulse oximeter and the motion sensor runs over the
I2C protocol. Because it lets several devices share one communication bus, wiring stays simpler and the system runs
more efficiently overall.

D. Serial Communication

The GPS and GSM modules connect to the microcontroller through serial communication, which supports realtime
data transfer between them. This keeps location data accurate and ensures emergency alert messages get sent reliably.

3. METHODOLOGY
Designing, testing, and fine-tuning VitalGuard followed a structured process, broken down into the steps outlined below.

Component Selection and Procurement

Hardware and software components were chosen to satisfy the system's functional and reliability needs. The Arduino
Nano runs the show as the main controller, sensors handle vital-sign monitoring plus motion and fall detection plus
location tracking, a GSM module takes care of emergency communication, and supporting parts — the push button,
buzzer, and rechargeable battery — keep the system portable and safe.

Circuit Design and System Development

All the sensors and communication modules were wired into the Arduino Nano through a circuit built for the purpose.
Power regulation and communication protocols were set up to keep everything running steadily, and the control logic
was written to support ongoing monitoring plus automatic emergency alert generation.
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Prototype Construction

A working prototype was put together based on the finished circuit design, with compactness, portability, and solid
hardware integration as the main priorities. Power management parts were built in to allow the system to keep running
continuously.

Testing and Performance Analysis

Testing on the prototype checked sensor accuracy, how reliably motion and falls were detected, and how well
communication performed. Location tracking and alert delivery were confirmed, and battery performance was assessed
under continuous use.

Result Evaluation and System Optimization

Once the results were in, performance got reviewed and adjustments were made to sharpen accuracy and speed up
response. Threshold values and the underlying logic were tuned to cut down on false alerts and make emergency
response more efficient.

Fig. 3.1: Working Flowchart
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The system starts when power is supplied from the battery module.

The Arduino Nano initializes all required libraries, sensors, and communication modules, including GSM and GPS.
The system reads heart rate and blood oxygen saturation (SpO:) values from the MAX30102 sensor.

Motion and fall-related data are collected from the MPU6050 sensor.

The system checks for abnormal conditions such as abnormal vital signs, fall detection, or obstacle detection.

If no abnormal condition is detected, the system checks whether the SOS push button is pressed.

If neither an abnormal condition nor SOS activation is detected, the system continues monitoring by returning to the
sensor reading process.

7. If an abnormal condition or SOS button press is detected, the system enters the emergency mode.

8. The GPS module fetches the current real-time location of the user.

9. An alert message is compiled containing vital data, fall/obstacle status, and a GPS location link.

10. The compiled alert message is sent to predefined emergency contacts via the GSM module using SMS.

11. After sending the alert, the system returns to continuous monitoring mode to repeat the process.

Sk W=

4. RESULTS AND DISCUSSION

Testing on the finished VitalGuard prototype, built from all the integrated hardware pieces, went smoothly. Running off
the 3.7V Li-ion battery paired with the TP4056 charging module, the system kept a steady power supply going through
continuous operation.

Heart rate and SpO: readings from the MAX30102 sensor came through accurately and in real time, staying stable and
updating continuously enough to give a solid picture of the user's vital signs. Both the motion sensor and the ultrasonic
sensor reacted correctly to changes in movement and proximity, picking up on abnormal conditions and obstacles
reliably.

Outdoor testing showed the GPS module locking onto real-time location data successfully, with latitude and longitude
values coming through accurately and getting folded correctly into the emergency alert message. Whenever an abnormal
reading or an SOS button press came up, the GSM module consistently got the SMS alert — vitals and GPS location
included — out to the pre-set contact numbers.

Pressing the push button by hand set off an emergency alert immediately every time, which confirms the SOS
mechanism works as intended. After each alert went out, the system dropped back into monitoring mode without
interruption, showing it can keep running continuously.

Taken together, these results back up the idea that this IoT-based health and safety system holds up under realtime
conditions. Running multiple sensors alongside the Arduino Nano let the system watch health readings, motion, and
environmental safety all at once, without any noticeable processing lag.

Running on battery power boosted the system's portability, which matters for anything wearable or mobile. The
TP4056 module kept charging safe and efficient, supporting longer use, and GSM communication held up even
without an internet connection nearby — something that counts for a lot in genuine emergencies.

That said, testing did turn up a few limitations. GPS signal acquisition took longer indoors, which could delay location
updates, and GSM message delivery times shifted somewhat depending on network conditions. Future versions could
tackle both issues through assisted GPS techniques and better-tuned communication protocols.

Taking everything together, the system showed accurate sensing, dependable alert delivery, and effective emergency
response — supporting the case that this design is a workable option for real-time health monitoring and personal safety.
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Fig. 4.: Fully Assembled Prototype

4. CONCLUSION:

This project set out to design and build an IoT-based smart health and safety monitoring system centred on an Arduino
Nano and a set of integrated sensors, and it succeeded on that front. The finished system keeps track of vital health
parameters such as heart rate and blood oxygen saturation, catches abnormal motion and emergency situations, and
delivers real-time location tracking.

Testing results point to dependable sensor performance, accurate data collection, and emergency alerts getting through
the GSM connection successfully. Adding a manual SOS button gives the system another layer of reliability by letting
users trigger alerts themselves, and running on battery power with an efficient charging module keeps it portable and
able to monitor continuously.

All told, what's been proposed here is an affordable, dependable, and practical way to handle real-time health monitoring
and personal safety — well suited to elderly care, patient monitoring, and everyday individual safety. Its modular build

also leaves room for future upgrades, so it can grow alongside more advanced healthcare and IoT-based safety
technology.
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