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[bookmark: _Toc215916189]ABSTRACT
The science of our time continues to push the boundaries of what was once thought impossible. From AI-driven diagnostics to wearable biosensors, technology continues to redefine how we understand and deliver healthcare. Yet as innovation accelerates, entire communities remain on the margins—excluded not by time, but by infrastructure, geography, or cost. Access to real-time health monitoring should not be a privilege; it should be a right. It should be simple, affordable, and universal—capable of working where the internet does not always reach, and where resources are scarce. The growing burden of cardiovascular disease, especially in rural and low-income regions, demands solutions that are not only intelligent but also accessible. This project explores one such solution: a low-cost, Arduino UNO R4 Wi–Fi–based heart rate monitoring system using the HW-827 Pulse Sensor (PulseSensor Amped) and a 0.96-inch OLED display. The device measures cardiac activity in real time and sends automated emails and alerts when readings fall outside normal ranges. Originally built around a Raspberry Pi and a GSM module, the design evolved after real-world testing revealed hardware compatibility issues, the global decline in 2G GSM support, and high power consumption. By leveraging the UNO R4’s integrated WIFI and low-power architecture, this system demonstrates that essential healthcare technologies can remain both practical and inclusive. Although it relies on Wi-Fi for email alerts, its modular structure enables future adaptation to LTE or NB-IoT, providing complete offline functionality. This work represents a small but significant step toward making digital health monitoring accessible to all.
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[bookmark: _Toc215916191]SECTION 1: INTRODUCTION 
Cardiovascular disease continues to pose one of the most significant public health challenges worldwide [1]. The ability to monitor heart rate regularly and identify abnormalities early can make a life-saving difference, yet the tools to do so remain out of reach for many. In much of the developing world—and even in rural areas of developed nations—medical monitoring devices are scarce, costly, or dependent on constant internet connectivity [9].
The rise of open-source hardware has changed that landscape. Microcontrollers, such as the Arduino Uno R4 WIFI, have opened new pathways for affordable, adaptable health technologies that do not rely on complex, proprietary systems. Compared to single-board computers such as the Raspberry Pi, microcontrollers offer lower power consumption and simpler architectures suited to continuous medical sensing [8], [12], [14].
The UNO R4 WIFI combines a modern 32-bit Renesas processor with an integrated ESP32-S3 wireless module, allowing sensing, processing, and communication to coexist on a single compact board. Paired with the HW-827 Pulse Sensor (PulseSensor Amped) and a small OLED display, it becomes a complete, low-power platform for local monitoring and remote alerts.
This project aims to design and implement a standalone heart rate monitoring system that continuously measures cardiac activity, displays readings on an OLED screen, and automatically sends email notifications when the heart rate rises above safe thresholds. The focus is on reliability, low cost, and adaptability—attributes that make it suitable for both community healthcare and educational purposes [21].
The project began with a different vision: a Raspberry Pi system using the MAX30102 optical sensor and SIM800L GSM module to send SMS alerts in disconnected environments. However, during practical experimentation, three significant limitations emerged that made the original configuration unfeasible:
· Sensor library reliability — although several community repositories claimed to support the MAX30102 sensor on Raspberry Pi, none were maintained or verifiable. Existing studies highlight similar challenges when using MAX30102 modules without stable filtering algorithms or reliable firmware support [2]–[4]. The available Python libraries were obtained from unverified sources and failed to produce stable or accurate readings, rendering consistent operation impossible.
· Network obsolescence — with the gradual shutdown of 2G GSM services across Europe — has made GSM-based medical communication systems increasingly impractical [5], [10]. As a result, the SIM800L module cannot reliably transmit SMS alerts.
· Power inefficiency — the Raspberry Pi’s higher current draw and need for active cooling have been noted as drawbacks in embedded medical applications [12], [14]. These limitations made it unsuitable for a small, continuous-use device intended to operate quietly and independently.
Given these constraints, the project transitioned to the Arduino UNO R4 WIFI platform, which provides native analog sensing, stable PulseSensor library support, significantly lower power consumption, and integrated Wi-Fi communication for cloud-based alerting.
🔹 Project Aim
The aim of this project is to develop a low-cost, standalone heart-rate monitoring system using the Arduino UNO R4 WIFI that can detect abnormal heart-rate patterns and provide both local and remote alerts.
🔹 Project Objectives
· To interface the HW-827 pulse sensor with the Arduino UNO R4 WIFI for real-time heart-rate acquisition.
· To process and stabilize BPM readings using averaging and threshold-detection algorithms.
· To display live heart-rate data on a 0.96-inch OLED screen for immediate visual feedback.
· To implement automated high-BPM alert logic based on sustained threshold violations.
· To integrate the system with Arduino IoT Cloud for remote monitoring and email/push notifications.
· To evaluate the system’s performance, reliability, usability, and potential for future extensions.
[bookmark: _Toc215916192]SECTION 2: LITERATURE REVIEW
The development of a low-cost, Wi-Fi–enabled heart rate monitoring system using the Arduino UNO R4 WIFI and the HW-827 Pulse Sensor aligns with a growing body of research on accessible, real-time, and portable healthcare technologies. This section reviews relevant literature across biosensing, communication technologies, and open-source system design, establishing both the technical foundation and the social motivation behind the project.
2.1 Global Health Context
Heart disease continues to take more lives than any other condition, and the burden is not shared equally. In many parts of the world, people lack access to the tools necessary for regular heart health monitoring [1]. Devices that can track vital signs in real-time exist, but they are often designed for users who already have access to good healthcare and a reliable internet connection. In communities where these advantages are absent, even a simple device that detects an irregular pulse and sends a timely alert could make a significant difference. This is where affordable, stand-alone systems—small, reliable, and independent of complex infrastructure—play a fundamental role.
2.2 Biosensor Technologies for Heart Rate Monitoring
The HW-827 Pulse Sensor (PulseSensor Amped) used in this project operates on the principle of photoplethysmography (PPG), a non-invasive optical technique that measures variations in blood volume under the skin. Similar to the MAX30102 sensor discussed by Andriani et al. [3], it combines an LED and a photodiode to detect pulse waveforms. While the MAX30102 supports dual-wavelength sensing for oxygen saturation (SpO₂), researchers have noted recurring challenges in maintaining signal stability and accuracy due to motion artefacts and inconsistent library support [2], [4].
Several studies demonstrate the potential and constraints of optical heart rate sensors. Andriani et al. [3] achieved a 97% accuracy rate when comparing their MAX30102-based system with medical-grade oximeters; however, their design lacked remote communication capabilities. Similarly, the IERJ study [4] implemented a local alert mechanism using LEDs and buzzers but provided no connectivity beyond the device itself. These examples demonstrate that while optical sensors can deliver reliable readings, their effectiveness depends heavily on the quality of firmware libraries and signal-filtering methods—a recurring challenge encountered during early experiments with the MAX30102 on the Raspberry Pi. Given these constraints, the HW-827 pulse sensor offers a practical and stable alternative. Unlike the MAX30102, which relies on third-party libraries that are inconsistent, the HW-827 integrates seamlessly with the Arduino through the official PulseSensor Playground library, ensuring dependable performance and long-term support. Its analog output allows the Arduino UNO R4 to acquire the signal directly, without complex drivers or unstable dependencies, enabling accurate, low-latency monitoring suitable for real-world testing and demonstrations.
2.3 Communication Technologies in Health Monitoring
The integration of communication modules in patient monitoring systems has long been a focus of biomedical research. Early low-cost implementations often used GSM technology to send vital-sign alerts via SMS. Ali et al. [5] demonstrated a GSM-based patient monitoring system that reliably transmitted heart rate and temperature data when abnormal conditions were detected. Similar designs, such as those by Mahmud et al. [10], expanded functionality by incorporating geolocation, allowing caregivers to track patients in emergencies. While these systems proved conceptually sound, their dependency on 2G GSM made them vulnerable to evolving infrastructure. By 2024, many European mobile carriers, including Vodafone, O2, and Three UK, had begun decommissioning 2G services, which limited the feasibility of GSM-based health systems. This project, therefore, adopts an updated communication model based on Wi-Fi and email transmission, supported natively by the Arduino UNO R4’s integrated ESP32-S3 module. The change retains the original intent of remote notification while using a sustainable, currently supported technology. In the academic literature, alternative communication approaches include IoT-based patient monitoring systems [4], Wi–Fi–connected telehealth devices [9], and Bluetooth-enabled wearable devices [17]. While these typically rely on smartphone applications or cloud platforms, the present system uses the Arduino Cloud for automated email alerts and the Arduino IoT Remote App for push notifications, enabling real-time patient monitoring via a simplified cloud-based communication framework.
Additional Related Work
Miah et al. [25] developed a comparable Arduino-based health-monitoring prototype that simultaneously measures heart rate and body temperature and transmits results to an Android device over Bluetooth. Their system demonstrated how low-cost microcontrollers can provide continuous physiological monitoring without dependence on clinical infrastructure. However, as the authors noted, Bluetooth communication restricts data range and requires active smartphone pairing, limiting use in unattended or remote environments. The present Wi-Fi–based approach addresses this constraint by enabling direct Cloud and email connectivity, eliminating the need for intermediary mobile applications. Both studies share the goal of enhancing healthcare accessibility through open-source hardware, yet differ in their connectivity strategies—highlighting the transition from short-range local networks to IoT-integrated, autonomous monitoring platforms.
2.4 Signal Processing and Data Interpretation
Accurate heart rate detection relies not only on sensor hardware but also on efficient signal processing. Yuliani and Nugroho [6] explored the use of fuzzy logic to classify hypoxemia using data from the MAX30102, demonstrating that algorithmic refinement can significantly improve interpretability. Jeong et al. [11] further addressed motion artefacts through time-domain filtering and neural network models. Although such advanced techniques are beyond the scope of this initial prototype, they inform future directions for enhancing stability and reducing noise in real-time bio signal acquisition.
The PulseSensor Playground library used in this system employs a moving-average filter and adaptive thresholding. This provides sufficient accuracy for early-stage prototypes while minimizing computational load. For real-world applications, additional filtering or adaptive learning algorithms can enhance accuracy, especially in environments with high motion.
2.5 Energy Efficiency and Hardware Design
Wearable and portable medical devices require energy-efficient operation to ensure continuous functionality. Zhao et al. [12] emphasize optimizing power consumption through low-duty-cycle operation and sleep modes. This principle is particularly relevant for microcontroller-based systems. The Arduino UNO R4 WIFI benefits from a 32-bit architecture and lower idle power consumption compared to single-board computers such as the Raspberry Pi [14]. Its integrated wireless interface further eliminates the need for external GSM modules, reducing current spikes and improving system stability.
Raspberry Pi–based medical projects, such as the ECG monitoring system developed by Obeidat and Alqudah [14], demonstrate the versatility of single-board computers. Furthermore, highlights challenges such as heat generation and high energy demands. These limitations contributed to the decision to adopt the UNO R4, which delivers sufficient processing power for real-time sensing while maintaining efficiency and simplicity—both critical for community-level healthcare devices.
2.6 Ethical and Privacy Considerations
Data privacy and ethical responsibility are fundamental to the development of healthcare technologies. Benjumea et al. [13] highlight that many mobile health applications lack transparent standards for user consent and data protection. In response, the present system is designed to operate without storing or transmitting personal identifiers, ensuring that email alerts contain only essential information—such as heart rate values and timestamps—to preserve user anonymity. This ethical stance aligns with the broader paradigm of responsible, privacy-conscious data design in healthcare, emphasizing restrained data collection and limited storage, and using secure Arduino Cloud services solely for communication.
2.7 Comparison with Commercial Wearable Devices
Commercial wearables such as the Apple Watch, Fitbit Charge, and Garmin Vivosmart series offer advanced heart rate and wellness tracking capabilities [16–18]. While accurate and user-friendly, they depend heavily on companion smartphones, proprietary algorithms, and stable internet access. Their high cost and limited transparency make them unsuitable for research replication or deployment in low-resource settings.
As Piwek et al. [19] note, older adults and users in low-digital-literacy settings often struggle to interpret wearable data effectively. Moreover, Evenson et al. [17] and Bent et al. [18] observed reduced accuracy during physical activity due to motion artefacts. The present Arduino-based system addresses these challenges by prioritizing transparency, affordability, and simplicity. Users receive readable, immediate feedback on the OLED screen and automatic notifications, eliminating the need to interpret complex app data.
2.8 Software Development and Methodology
The Software Development Life Cycle (SDLC) provides a structured approach for building reliable and maintainable systems. For this project, an iterative Waterfall model was followed to allow refinement after each implementation stage. This approach mirrors the methodologies described by Ashraf et al. [21] for open-source health systems, ensuring modularity and traceability throughout the design, testing, and deployment phases.
1. Requirements Analysis — System goals were defined based on accessibility, independence, and reliability. The device must measure heart rate, evaluate thresholds, and send alerts automatically without relying on proprietary ecosystems.
2. Design — The system integrates the HW-827 pulse sensor with the Arduino UNO R4 WIFI and an OLED display. The board’s built-in Wi-Fi is used for transmitting email alerts, eliminating the need for external GSM components.
3. Implementation — Firmware development in the Arduino IDE employs the PulseSensor Playground library for heart rate acquisition and integrates with Arduino Cloud services for email and push notification delivery. The design favors modular functions for sensor reading, threshold evaluation, and communication.
4. Testing and Verification — Output readings are compared with a fingertip pulse oximeter to validate accuracy. Email notifications are tested for reliability under normal Wi-Fi conditions.
5. Maintenance and Future Work — The modular architecture of the system facilitates future enhancements, including SpO₂ (oxygen saturation) monitoring, integration of cloud-based data logging, and LTE-enabled connectivity. This flexibility supports long-term scalability and adaptability to emerging healthcare monitoring needs.
This structured process supports both scientific rigor and practical implementation, aligning the project with current academic and engineering standards for low-cost biomedical systems [14], [21].
2.9 Summary
Existing literature demonstrates steady progress in portable heart rate monitoring systems, yet most remain constrained by either connectivity requirements or hardware complexity. GSM-based solutions [5], [10] addressed early communication needs but now face obsolescence due to infrastructure changes. Commercial devices offer advanced analytics but lack openness and affordability. Open-source microcontroller systems—like the Arduino UNO R4 WIFI used here—combine the strengths of both worlds: transparent design, low cost, and sufficient processing capacity for meaningful, real-time monitoring. By integrating the HW-827 sensor, OLED display, and Wi-Fi–based alerting, this system extends the existing body of work toward a more accessible, ethical, and sustainable form of cardiac monitoring suitable for low-resource environments.
[bookmark: _Toc215916193]SECTION 3: ANALYSIS
The system’s analysis establishes the technical foundation and operational behavior of the Arduino-based heart rate monitoring system. The primary goal is to design a simple, low-cost, and self-contained monitoring solution capable of real-time data acquisition and automatic alerting. Unlike earlier versions that relied on GSM communication via the SIM800L, this updated design uses the Arduino UNO R4 WIFI and the Arduino IoT Cloud to enable secure, wireless alert transmission via email and mobile push notifications. The system integrates the HW-827 pulse sensor, which provides an analog output directly readable by the Arduino’s ADC pins, and is supported by official Arduino libraries that ensure stable data acquisition and simplify signal handling. An OLED display provides immediate visual feedback, while the Arduino Cloud dashboard enables users to monitor heart rate trends in real-time remotely.
[bookmark: _Toc215916194]3.1 Functional Requirements
Functional requirements specify what the system must achieve. In this project, the objective is to detect abnormally high heart-rate activity and issue an immediate alert. The functional requirements describe the essential operations the system must perform:
· FR1: The system continuously measures heart rate using the HW-827 analog pulse sensor.
· FR2: It processes sensor data in real time to identify abnormal readings when the heart rate exceeds 150 BPM.
· FR3: When a critical threshold is breached, the system automatically sends email alerts and push notifications through the Arduino IoT Cloud.
· FR4: The OLED display presents the live BPM value and a status indicator (“Normal” or “High”).
· FR5: The Arduino Cloud Dashboard displays the current BPM, the system status, and a live BPM history graph, as shown in the dashboard screenshot.
· FR6: The device powers on and begins monitoring automatically, without requiring user configuration.
· FR7: System parameters, including alert thresholds, can be modified directly in the Arduino Cloud interface or through code adjustments.
[bookmark: _Toc215916195]3.2 Non-Functional Requirements
These requirements define the overall performance and usability expectations:
· NFR1: The system must operate continuously with a reliability of over 95%.
· NFR2: It should transmit data securely through the Arduino IoT Cloud using encrypted connections.
· NFR3: The delay between detecting an abnormal reading and sending an alert should not exceed 5 seconds.
· NFR4: Power consumption must remain below 1.5W to support extended use from USB or power bank sources.
· NFR5: The system must remain easy to replicate using standard, off-the-shelf Arduino components.
· NFR6: Alerts and readings should be viewable both locally (via OLED) and remotely (via mobile app or web dashboard).
· NFR7: The design must maintain user privacy, transmitting only non-identifiable data.
[bookmark: _Toc215916196]3.3 Use Case Description
The system interactions can be represented as follows:
Participants:
· The User: powers on and uses the device; receives notifications.
· System (Arduino UNO R4 WIFI): monitors signals, processes readings, displays results, and sends alerts.
· Arduino Cloud: Manages communication, dashboards, and notifications.
Use Cases:
· Start and monitor heart rate measurement.
· Detect abnormal readings (>150 BPM).
· Display live BPM locally on the OLED.
· Send cloud-based alerts and push notifications.
· Log BPM history in the Arduino IoT Cloud dashboard.
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Figure 1. System Data Flow Diagram
This diagram illustrates the flow of data and the system interactions among the user, the Arduino hardware, and the Arduino Cloud services. The HW-827 pulse sensor captures analog heart rate signals, which the Arduino UNO R4 WIFI processes. Processed data is displayed locally on the OLED and transmitted via Wi-Fi to the Arduino Cloud dashboard for visualization, logging, and automated alert generation.
[bookmark: _Toc215916197]3.4. System Requirements
This section outlines both Hardware and Software required for system operation.
[bookmark: _Toc215916198]3.4.1. Hardware Requirements
These components were selected based on availability in the UK market, low cost, and compatibility with open-source platforms. The total hardware cost remains under £80, aligning with the project's objective of affordability.
Table 1.Hardware Requirements
	

	Component
	Specification
	Purpose

	1
	Arduino UNO R4 WIFI
	32-bit microcontroller, Wi-Fi-enabled
	Main processing and communication

	2
	HW-827 Pulse Sensor
	Analog output PPG sensor
	Heart rate signal acquisition

	3
	OLED Display (0.96")
	I2C communication
	Displays BPM and status

	4
	Breadboard and Jumper Wires
	Standard prototyping kit
	Electrical connections

	5
	USB Cable / Power Bank
	5V power input
	Power supply for Arduino



[bookmark: _Toc215916199]3.4.2. Software Requirements
The software component provides the functional logic that enables the hardware to operate as an integrated heart rate monitoring system. In this project, the Arduino UNO R4 WIFI acts as the central controller, executing a lightweight firmware that continuously reads signals from the HW-827 pulse sensor, computes the user’s heart rate, and communicates the results both locally and online. The program is developed in the Arduino IDE and relies on a small set of officially supported libraries. The PulseSensor Playground library processes the analog input from the HW-827 sensor, converting minor voltage variations—caused by blood flow during each heartbeat—into a beats-per-minute (BPM) value. These readings are smoothed to minimize noise caused by motion or light interference before being displayed in real time on the OLED module.
The Arduino connects to the internet via its built-in Wi-Fi module, which is automatically configured via the Arduino IoT Cloud connection libraries. Through this link, BPM values are transmitted to a personalized cloud dashboard that visualizes readings in real time and records recent history. When the system detects a heart rate above 150 BPM, the Arduino Cloud automatically triggers both an email and a push notification, ensuring alerts are received even when the local display is not being observed.
All libraries used in this implementation—covering Wi-Fi connectivity, OLED display control, and pulse sensing—are sourced from verified providers such as Arduino and Adafruit to ensure compatibility and stability. This approach avoids one of the limitations encountered in earlier Raspberry Pi versions, where reliance on unofficial libraries led to inconsistent sensor performance. The software architecture remains modular and easily maintainable, requiring no complex installations or external servers. Consequently, the setup can be readily replicated using only an Arduino board and a standard internet connection. Together, these components form a reliable, real-time, and user-friendly cardiac monitoring system capable of generating autonomous alerts.




Table 2. Software Requirements
	
	Software
	Purpose
	Notes

	1
	Arduino IDE / Web Editor
	Programming and deployment
	Used for firmware upload

	2
	Arduino IoT Cloud
	Cloud management, alert system
	Enables dashboard, email, and push notifications

	3
	PulseSensor Playground Library
	Reads and processes analog data from HW-827
	Officially supported; ensures stable BPM readings

	4
	Adafruit_SSD1306 + GFX Libraries
	Controls OLED display
	Handles text and graphical output

	5
	Arduino IoT Cloud Connection Libraries
	Manages network connectivity
	Automatically configures Wi-Fi for the UNO R4 WIFI board

	6
	Arduino Cloud Variables
	Synchronizes BPM and alert status
	Automatically updates dashboard widgets in real time



[bookmark: _Toc215916200]3.5. Risk Analysis
Every practical project presents its own unique challenges, particularly when hardware, software, and wireless communication are combined. Understanding potential risks early makes it easier to plan for them and improve the system’s reliability. This section outlines the main risks identified during development and the measures taken to reduce their impact.
1. Sensor Sensitivity and Reading Accuracy
The HW-827 pulse sensor is quite basic and can be easily affected by light, finger pressure, and movement. Even small changes in how the sensor is placed can cause the readings to fluctuate or become inaccurate.
Mitigation: The system uses short averaging in the software to smooth out sudden spikes. Gently placing a finger and remaining still during readings improves output. In future versions, a more advanced sensor or signal-filtering algorithm could further enhance stability.
2. Network Connectivity Problems
Because the device relies on Wi-Fi to communicate with the Arduino IoT Cloud, a weak or unstable connection may delay or prevent data updates and alerts.
Mitigation: The Arduino automatically retries connections if Wi-Fi drops. Even if the network fails temporarily, the OLED display continues to display live readings locally, allowing the user to keep monitoring their heart rate.
3. False or Missed Alerts
Due to slight variations in sensor readings, the system could occasionally trigger a false alarm or fail to send one when expected.
Mitigation: The code checks for several consecutive readings above the 150 BPM threshold before sending an alert. This helps confirm that the spike is real and not caused by noise or motion.
4. Power Supply Stability
Both the Arduino UNO R4 WIFI and the HW-827 pulse sensor operate safely on a 5 V input, allowing them to be powered directly from the Arduino board’s built-in USB port. During testing, the entire system ran reliably when connected to a standard laptop USB port, showing no signs of instability or data loss. This confirms that the setup is power-efficient and does not require an external supply.
Mitigation: Although the system performs well on USB power, users should ensure they use a quality cable and avoid unstable USB hubs. A portable 5V power bank can also serve as an alternative power source for mobile operation.
5. Software or Cloud Downtime
Although the Arduino Cloud is generally stable, temporary maintenance or connectivity issues could affect email and push notifications.
Mitigation: The device continues to function locally even without a cloud connection. All critical logic, including threshold detection and OLED updates, runs directly on the Arduino itself.
6. Privacy and Security of Health Data
Although the system only transmits BPM values without personal information, any online transmission should still be handled with care.
Mitigation: The Arduino IoT Cloud uses encrypted connections (TLS), which secure data between the device and the cloud. No identifying data or storage is involved, reducing the risk of misuse.
7. Component Reliability and Availability
Electronic components, such as sensors and displays, can vary slightly from batch to batch, and replacements may not perform identically.
Mitigation: Only verified and widely available components (from Arduino and Adafruit) were used. The system is fully open-source, allowing parts to be easily replaced or upgraded as needed.
8. Environmental Conditions
Factors such as temperature, lighting, or humidity can affect sensor performance, especially since the HW-827 is not enclosed.
Mitigation: The sensor was tested in moderate indoor conditions. Future designs may include a small enclosure to shield the sensor from direct light and improve consistency.

Table 3. Risks Summary Table
	
	Risk
	Impact
	Mitigation

	1
	Sensor sensitivity and inaccuracy
	May cause fluctuating or false BPM readings
	Ensure proper finger placement

	2
	Network connectivity problems
	Delayed or failed cloud updates and alerts
	Automatic Wi-Fi reconnection; local OLED still active

	3
	False or missed alerts
	Could send unnecessary or missing notifications
	Require multiple consecutive readings before alerting

	4
	Power interruptions
	Device resets or data loss
	Use stable USB power or a power bank

	5
	Cloud downtime	
	Alerts or data not delivered
	Local monitoring remains operational

	6
	
Data privacy
	Risk of interception
	Encrypted TLS communication; no personal data stored

	7
	Component variability
	Inconsistent performance
	Use verified Arduino and Adafruit components

	8
	Environmental factors
	Sensor affected by light or temperature
	Operate indoors; future enclosure planned



[bookmark: _Toc215916201]SECTION 4: DESIGN
The implementation phase transformed the proposed design into a working prototype using the Arduino UNO R4 WIFI, the HW-827 pulse sensor, and an OLED display. This section outlines the system's physical construction, programming, testing, and refinement to achieve reliable real-time heart rate monitoring and automated alerts via the Arduino IoT Cloud.
[bookmark: _Toc215916202]4.1 Hardware Setup
The hardware setup serves as the physical foundation of the system, integrating the Arduino UNO R4 WIFI, the HW-827 pulse sensor, and a 0.96-inch OLED display into a compact, reliable prototype. All components were connected on a standard breadboard, allowing stable wiring and flexibility during testing.
The HW-827 pulse sensor was responsible for detecting the user’s heartbeat through photoplethysmography (PPG). It outputs an analogue voltage signal proportional to the blood-flow variation at the fingertip. The sensor was wired to the Arduino as follows:
· VCC → 5 V (power supply for the sensor)
· GND → GND (standard ground connection)
· Signal → A0 (analog input for heart-rate signal acquisition)
This configuration enabled the Arduino’s analog-to-digital converter to continuously sample the sensor's voltage signal. The built-in LED on the sensor blinked with each detected pulse, providing a quick visual indication that the signal was being read correctly.


The OLED display (Adafruit SSD1306, 128×64 pixels, I²C interface) was connected to the Arduino’s dedicated I²C pins, requiring only two data lines in addition to power:
· VCC → 3.3 V
· GND → GND (shared with the sensor and Arduino)
· SDA → A4 (SDA)
· SCL → A5 (SCL)
Before uploading the main program, the OLED display’s communication address was verified using an I²C scanner sketch. The device was detected at address 0x3C, confirming correct wiring and ensuring the software could communicate with it reliably.
All components shared a common ground to prevent signal noise or voltage fluctuations. The entire circuit was powered via the Arduino’s USB connection to a laptop, which provided a stable 5 V supply at approximately 500 mA—sufficient for both modules. No external power regulators or voltage dividers were required.
To enhance visibility during testing, the Arduino's built-in LED (on pin 13) was programmed to blink in rhythm with each detected heartbeat. This feature served as a simple yet effective feedback mechanism confirming live pulse detection.
The final wiring configuration is illustrated in Figure 5.1, showing the complete connection between the Arduino UNO R4 WIFI, the pulse sensor, and the OLED display.
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Figure 2. Hardware wiring diagram of the Arduino-based heart rate monitoring system
Before proceeding to software implementation, each connection was verified using the Arduino Serial Monitor and test sketches. The analog input values from the sensor fluctuated in sync with the heartbeat, and the OLED display successfully responded to test messages. Once confirmed, the main program was uploaded, and the system began displaying real-time BPM readings while transmitting data to the Arduino IoT Cloud.
[bookmark: _Toc215916203]4.2 Software Environment
The software side of the system brings everything together — it collects data from the pulse sensor, processes it into a readable heart-rate value, and sends that information to the Arduino Cloud for viewing and alerting. All programming was done using the Arduino IDE and the Arduino IoT Cloud, which work seamlessly with the Arduino UNO R4 WIFI.
Using the Cloud meant the board could connect directly to the internet and share data without any extra hardware or complicated setup. Once the device was registered, it automatically sent live BPM readings to the Cloud dashboard. It could trigger both email and phone notifications whenever the heart rate remained elevated for more than 10 seconds.
[bookmark: _Toc215916204]4.2.1 Arduino IoT Cloud Integration
The system was connected to the Arduino IoT Cloud, which provided both a live dashboard and automated notification capabilities. Within the Cloud interface, a dedicated “Thing” was created to represent the project. Two key variables were defined:
· bpm_value_cloud (Integer, Read/Write): Stores and updates the heart rate value calculated from the sensor in beats per minute (BPM).
· email_alert_cloud (Boolean, Read/Write): Changes state when the BPM remains above 150 for more than ten seconds, triggering email and push notifications.
These variables synchronize automatically between the hardware and the Cloud, allowing real-time visualization of heart rate trends on the user’s dashboard. The dashboard included a BPM gauge, a status indicator, and a historical chart displaying data changes over time.
The Arduino Cloud app on a smartphone received push notifications, while the associated email account received automated alerts. This dual-channel setup ensured that warnings were delivered instantly, even when the user was not physically near the device.
[bookmark: _Toc215916205]4.2.2 Libraries and Dependencies
The system relied on a small number of carefully selected official libraries to ensure reliability and reproducibility. These were:
· PulseSensor Playground: Handles analog signal acquisition and pulse detection logic. It processes the voltage variations from the HW-827 sensor and converts them into BPM values.
· Adafruit GFX Library: Provides basic graphics functions (text, lines, shapes) for the OLED screen.
· Adafruit SSD1306 Library: Manages communication with the OLED display via the I²C interface.
· Arduino IoT Cloud and Arduino_ConnectionHandler: Integrated automatically through the thingProperties.h file; these libraries enable the UNO R4 WIFI to connect to the Arduino Cloud platform and synchronize data variables securely.
· Wire Library: Handles low-level I²C communication between the Arduino and the OLED display.
The snippet below demonstrates the initialization of the PulseSensor Playground, OLED display, and Arduino IoT Cloud libraries. The automatically generated thingProperties.h file configures cloud variables and network connectivity, enabling the UNO R4 WIFI to transmit sensor data securely to the Arduino Cloud dashboard.
Listing 1: Initialization of key Arduino libraries and hardware components
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All libraries were installed directly through the Arduino Library Manager to ensure version consistency and minimize compatibility issues. Unlike the Raspberry Pi implementation, which relied on unverified third-party Python drivers, the Arduino environment provides officially maintained, well-documented libraries. This ensures long-term reliability, better performance, and reproducible results.
[bookmark: _Toc215916206]4.2.3 Programming Logic and Workflow
The program controlling the system was written as an Arduino sketch using the Arduino IDE. The code initializes the connected components, reads the analog signal from the pulse sensor, processes it into beats per minute, and then sends the data to both the OLED display and the Arduino Cloud.
The main loop follows a simple structure:
· Reads the analog signal from the pulse sensor.
· Calculates and averages the BPM value.
· Displays the result on the OLED screen.
· Sends the BPM value to the Cloud dashboard.
· Triggers an alert if the BPM remains above 150 for more than ten seconds.
If no pulse is detected for more than five seconds, the display shows “NO PULSE, Touch Sensor” reminding the user to adjust finger placement.
[bookmark: _Toc215916207]4.2.4 Cloud Dashboard Configuration
The Cloud dashboard, shown in Figure 3, displays the key system data in a clear and responsive layout:
· A gauge showing the real-time BPM.
· A status indicator reflecting the alert variable.
· A line chart showing recent heart rate history.
The dashboard automatically updates whenever new readings are sent from the device, and notifications are triggered if the alert condition becomes true. This setup makes the system accessible and informative for users, requiring no technical knowledge to operate.
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Figure 3. Arduino IoT Cloud dashboard displaying real-time BPM, alert indicator, and historical graph
In summary, the software environment combines local signal processing with cloud-based alerting to create a responsive, reliable, and easily replicable monitoring solution. The use of official Arduino tools and libraries ensured smooth communication between hardware, display, and Cloud services, aligning with the project’s goal of simplicity and accessibility.
[bookmark: _Toc215916208]4.3 Sensor Data Acquisition
The heart of the system’s functionality lies in how it collects and interprets data from the HW-827 pulse sensor. The sensor operates on the principle of photoplethysmography (PPG), which detects tiny changes in light reflection caused by pulsing blood in the fingertip. These changes are translated into an analog voltage signal that the Arduino continuously reads and processes.
In the setup, the sensor’s signal pin is connected to the Arduino’s analog input A0, allowing real-time acquisition of the user’s pulse waveform. The PulseSensor Playground library is used to detect individual beats, calculate beats per minute (BPM), and filter noise from natural finger movement or slight pressure variations.
Because the sensor output can fluctuate with motion or lighting, a smoothing algorithm was implemented to stabilize readings. The program averages several consecutive BPM samples to produce a steady and more realistic output on both the OLED display and the Arduino IoT Cloud dashboard. This method significantly improves the reliability of the displayed heart rate, even during minor hand movements.
When a heartbeat is detected, the BPM value is immediately updated on the OLED screen in large, clear text. The exact value is sent to the bpm_value_cloud variable in the Arduino Cloud, which updates the live dashboard and stores recent readings for later review. This allows users to view both current and historical heart-rate data remotely.
The system also includes a safeguard to handle cases where the sensor does not detect a valid pulse. If no heartbeat signal is received for five seconds, the program automatically resets the BPM value to zero and displays a clear message on the OLED screen:
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Figure 4. OLED display showing “NO PULSE” message when no heartbeat is detected.
At the same time, the serial monitor prints:
No pulse detected for more than 5 secs.
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Figure 5.  Arduino Serial Monitor output confirming no pulse detection.
This ensures that the user is aware of a loss of contact with the sensor and can adjust their finger position accordingly. Once a valid signal is detected again, normal operation resumes automatically, with the BPM value updating in real time and Cloud synchronization continuing without interruption.
The integration between the pulse sensor, OLED display, and Arduino Cloud provides a simple but effective data flow: from raw analog input to processed BPM output, displayed locally and monitored remotely. Despite occasional sensitivity to movement and light, the overall data acquisition system performs consistently and delivers responsive heart-rate readings suitable for demonstration and educational use.
[bookmark: _Toc215916209]4.4 Threshold Monitoring and Alert Mechanism
The second core function of the system is continuous heart-rate monitoring and automatic detection of abnormally high pulse levels. Once the heart-rate data is smoothed and averaged, the program evaluates it against a predefined threshold of 150 BPM. This value was selected to represent a potential cardiac risk level, suitable for demonstration purposes and general awareness rather than medical diagnosis.
When the average heart rate exceeds 150 BPM, the program starts a 10-second timer. If the heart rate remains above the threshold for that entire period, the system classifies it as a critical condition. In response, it performs three simultaneous actions:
1. Displays an on-screen warning:
The OLED display is cleared and replaced with a clear message, such as:
ERROR: BPM above 150
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Figure 6. The OLED screen displays a warning
This provides immediate local feedback to anyone viewing the device.
2. Sends a Cloud alert:
The system sets the email_alert_cloud variable to true. This automatically triggers a push notification and an email alert through the Arduino IoT Cloud, notifying the user’s linked account and mobile app dashboard. This feature enables remote awareness of potentially dangerous readings, even if the user is away from the device.
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Figure 7. Cloud and email alert on the selected device
3. Logs the event in the Serial Monitor:
A line is printed stating:
ERROR: BPM above 150 for over 10 seconds!
[image: ]
Figure 8. Serial Monitor displays an error message
This confirms the alert was generated and helps track behaviour during testing.
If the heart rate later falls back below the threshold, the system automatically resets to its normal monitoring state. The OLED display resumes showing the live BPM value, and the email_alert_cloud flag resets to false, preventing unnecessary notifications. This self-resetting logic ensures that the system responds dynamically to real-time conditions without requiring manual intervention.
The 10-second confirmation period is essential for filtering out false positives caused by short spikes in BPM readings, which can result from hand movement, sensor repositioning, or momentary signal noise. Only sustained high heart-rate events trigger the alert, striking a balance between responsiveness and reliability.
This dual feedback mechanism — combining on-device visual alerts with remote IoT notifications — ensures that both local users and remote observers can react promptly to potential cardiac irregularities. It also demonstrates how a simple open-source embedded system can bridge physical sensing with real-time cloud-based communication, offering an accessible form of telemonitoring.
[bookmark: _Toc215916210]4.5 User Interface
The system provides clear, accessible feedback through two interfaces: a local OLED display and a remote Arduino IoT Cloud dashboard. These components present information rather than control the device, keeping user interaction intuitive and straightforward.
4.5.1 OLED Display
The 0.96-inch SSD1306 OLED offers immediate, high-contrast feedback directly on the device. During operation, it continuously displays the current heart-rate value in beats per minute (BPM). When no valid pulse is detected, the display automatically switches to a prompt instructing the user to reposition their finger. If the heart rate exceeds the safety threshold for a sustained period, the screen displays a brief warning message before returning to live monitoring once the values return to normal.
This minimal layout ensures clarity without distracting graphics, making it suitable for quick-glance monitoring in both home and clinical settings.
4.5.2 Arduino IoT Cloud Dashboard
The Arduino IoT Cloud interface complements the OLED by extending visibility beyond the device. Through automatically updated variables—bpm_value_cloud for live BPM readings and email_alert_cloud for abnormal-rate notifications—users can view real-time data and receive push or email alerts on their connected devices.
The web and mobile dashboards display these readings through configurable widgets such as numeric indicators and simple line graphs, offering a remote overview of heart-rate trends without technical setup.
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Figure 9. Mobile push notifications confirming abnormal BPM detection through Arduino IoT Cloud.
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Figure 10. An email alert received via Arduino IoT Cloud shows a timestamped abnormal BPM notification.


Together, the OLED display and IoT dashboard provide a balanced mix of local awareness and remote supervision, making the system usable in both standalone and network-connected environments.
SECTION 5: IMPLEMENTATION
[bookmark: _Toc215916211]5.1 Hardware Implementation
The hardware was assembled according to the wiring layout described in Section 4.1 (Hardware Design), integrating the Arduino UNO R4 WIFI, the HW-827 pulse sensor, and the SSD1306 OLED display on a shared breadboard. Once connected, each component was individually verified to ensure stable communication and correct voltage operation.
The OLED module was detected at address 0x3C using an I²C scanner, confirming successful connection. Similarly, the pulse sensor produced a consistent analog waveform on pin A0 when monitored through the Serial Plotter, verifying correct signal input. The built-in LED on the sensor blinked in sync with each detected pulse, visually confirming operation.
The complete system was powered through the Arduino’s USB interface, which provided a steady 5V supply suitable for continuous testing. After verifying component functionality, the main program was uploaded, and the device successfully displayed live BPM readings on the OLED screen while transmitting synchronized data to the Arduino IoT Cloud dashboard.
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Figure 11. Assembled hardware prototype showing the Arduino UNO R4 WIFI, HW-827 pulse sensor, and SSD1306 OLED display.
The system is powered via USB and displays the “NO PULSE” message on the OLED when no heartbeat is detected, confirming successful component integration and program execution.
[bookmark: _Toc215916212]5.2 Software Environment
Software development was carried out entirely within the Arduino IoT Cloud platform, which provided both the programming interface and a cloud dashboard for live data monitoring. The Arduino Web Editor was used to write and upload the sketch directly to the Arduino UNO R4 WIFI, allowing fast iteration and testing without local configuration.
The platform automatically generated the necessary connection and variable setup code, linking the board to the IoT Cloud through secure WIFI credentials. This structure simplified integration and ensured reliable synchronization between the hardware and the online dashboard.
A small number of verified, official libraries were imported through the Library Manager to support specific hardware components, including:
· PulseSensor Playground – to handle pulse signal acquisition and processing.
· Adafruit GFX and Adafruit SSD1306 – to control the OLED display output.
· Arduino IoT Cloud – to manage communication and data updates between the board and the Cloud.
This cloud-based approach reduced dependency on local files or manual configurations. It also enabled seamless testing and debugging via the built-in Serial Monitor, allowing all software components to be adjusted and validated directly online.
Note: A full breakdown of the source code, including complete listings and detailed explanations of each functional block, is provided in Appendix A – Code Structure.
[bookmark: _Toc215916213]SECTION 6: TESTING AND VALIDATION
System testing was performed to verify that each component functioned as expected and that the integrated system met its design objectives. Testing followed a staged process: individual hardware verification, integrated operation, and validation of alert conditions under simulated scenarios.
[bookmark: _Toc215916214]6.1 Module Verification
Each module was tested separately before integration. The HW-827 pulse sensor was checked using a serial monitoring script to confirm that analog readings varied in response to pulse activity. The onboard LED blinked in sync with the heartbeat, confirming correct input on pin A0. The OLED display was tested using the Adafruit example sketch to ensure proper initialization and I²C communication. Its address was confirmed as 0x3C using an I²C scanner. The WIFI connection and Arduino IoT Cloud link were validated by establishing that both dashboard variables updated correctly when test values were sent from the board.
Table 4. Module Verification Results
	Module
	Test Description
	Expected Outcome
	Observed Result
	Status

	
HW-827 Pulse Sensor
	Checked using the Serial Monitor to verify that analog readings respond to heartbeat changes
	Voltage signal fluctuates in sync with pulse; onboard LED blinks.
	Analog values varied consistently with finger placement; LED blinked with pulse.
	

Pass

	
OLED Display (SSD1306)
	Tested with Adafruit example sketch to confirm I²C communication and pixel response.
	Display initializes and shows sample text at address 0x3C.
	Display detected at 0x3C and rendered text correctly.
	

Pass

	
Wi-Fi / Cloud Connectivity
	Connected the board to Arduino IoT Cloud and updated variables
	Successful device connection and variable synchronization
	Cloud dashboard received test data without delay
	
Pass

	
Power Supply
	Verified 5V stability via USB connection during operation
	Continuous operation without voltage drop or resets
	No instability or brown-outs observed
	
Pass



[bookmark: _Toc215916215]6.2 System Integration and Functional Testing
After individual verification, all modules were connected, and the central sketch was uploaded through the Arduino IoT Cloud Web Editor. The board was powered via USB, and system behaviour was monitored through both the OLED and the Serial Monitor.
Testing confirmed that the system correctly displayed live heart-rate readings on the OLED and synchronized them with the bpm_value_cloud variable in real time. Temporary disconnection of the pulse sensor caused the expected “no pulse” state to appear, validating the program’s error-handling routine. The system resumed regular operation immediately upon restoration of the signal.
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Figure 12. Serial Monitor output showing live BPM updates during system testing.
[bookmark: _Toc215916216]6.3 Alert Condition Validation
The high heart-rate alert was verified by manually adjusting the threshold to a lower test value to simulate an elevated pulse. When the reading remained above the threshold for 10 seconds, the OLED displayed an error message, and the email_alert_cloud variable was set to “true,” triggering both a push notification and an email alert from the Arduino IoT Cloud.
Once the readings returned to normal, the alert reset automatically, confirming that both the detection and recovery mechanisms operated as intended.
[image: ]
Figure 13. Live BPM fluctuation and notification confirmation via Arduino IoT Cloud dashboard.
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Figure 14. Abnormal BPM alert triggered in Arduino Cloud at 207 BPM.
The results illustrated in Figures 13 and 14 confirm that the system correctly recognized a sustained high-BPM state and activated the corresponding alert functions. The seamless transition between abnormal and normal readings validates the reliability of both detection and recovery logic in real-time operation.




Table 5. Alert Condition Validation Tests
	Test Case
	Threshold Condition
	Duration
	Expected Behaviour
	Observed Result
	Status

	
Normal Operation
	
≤ 150 BPM
	
_
	OLED shows live BPM; no alert
	Display updates normally; email_alert_cloud = false
	
Pass

	
Simulated High BPM
	
> 150 BPM
	
≥ 10 s
	OLED shows “ERROR: BPM above 150”; Cloud variable = true; alerts sent
	Error message displayed; email_alert_cloud = true; alerts received
	
Pass

	
Signal Restored
	
≤ 150 BPM
	
_
	System returns to normal; Cloud variable reset = false
	Display resumed normal BPM; alert cleared
	
Pass

	
Sensor Disconnected
	
BPM = 0
	
> 5 s
	OLED shows “NO PULSE”; no alert triggered
	“NO PULSE” displayed; email_alert_cloud = false
	
Pass



[bookmark: _Toc215916217]6.4 Reliability Testing
Extended observation confirmed stable system performance during continuous operation. The USB power source provided consistent voltage without resets or connectivity loss. BPM readings remained responsive and consistent, though minor fluctuations were noted due to finger pressure and ambient light — expected behaviour for an entry-level optical sensor.
Overall, the hardware and cloud communication proved stable, and the prototype met all functional objectives within the scope of this project.
Table 6. Reliability Observation Summary
	Duration of Continuous Test
	
Key Observations
	Wi-Fi Connection
	Power Stability
	
Result

	
2 Hours
	Continuous BPM tracking; responsive OLED updates; no resets or lag
	
Maintained
	
Stable
	
Pass

	
4 Hours
	Minor BPM fluctuations caused by movement and ambient light; no connectivity loss
	
Maintained
	
Stable
	
Pass

	
6 Hours
	Long-term run completed without data dropouts or overheating; consistent cloud synchronization
	
Maintained
	
Stable
	
Pass



[bookmark: _Toc215916218]SECTION 7: EVALUATION
[bookmark: _Toc215916219]7.1 Personal Evaluation
The development of this heart-rate monitoring system provided a valuable, at times demanding, learning experience that extended well beyond technical implementation. At the start of the project, I envisioned a straightforward integration between the Raspberry Pi and the MAX30102 heart rate sensor. However, the reality proved considerably more complex. Over several weeks, I encountered repeated hardware failures—three separate sensors malfunctioned or became unresponsive during testing. These failures were not simply the result of handling errors but highlighted how fragile specific biosensors can be when exposed to inconsistent wiring voltages or unregulated current. This experience significantly deepened my appreciation for the importance of electrical stability and careful component testing before software integration.
One of the most persistent challenges was locating a reliable software library to interface the MAX30102 sensor with the Raspberry Pi. Many of the libraries found online were incomplete, outdated, or from unverified sources that lacked documentation. Even the seemingly compatible ones failed to produce stable readings or required dependencies that were incompatible with the Raspberry Pi’s current operating system. I spent considerable time exploring GitHub repositories, technical forums, and online research papers, hoping to find a working implementation. The process was both frustrating and illuminating—it showed that open-source ecosystems, while powerful, also require critical evaluation of software sources and compatibility. This phase taught me how to differentiate between trustworthy and unreliable technical documentation, and more importantly, how to recognize when to pivot rather than persist with a failing solution.
The transition from the Raspberry Pi to the Arduino UNO R4 WIFI marked a turning point in the project. After weeks of troubleshooting driver conflicts and signal inconsistencies, I decided to reframe the system architecture around a more straightforward, yet more dependable, platform. This decision, while not planned initially, became the foundation of the project’s success. The Arduino offered native support for analog signal acquisition, stable communication protocols, and—most importantly—an official and well-documented library for the HW-827 pulse sensor. Within a short time, I achieved results that had taken weeks to approximate on the Raspberry Pi. This confirmed the importance of choosing technology not based on popularity or computational power, but on suitability and ecosystem maturity.
The transition also represented a personal learning milestone. It reinforced that practical engineering often involves flexibility and strategic compromise. By moving to Arduino, I had to redesign parts of the circuit and rewrite the firmware logic, which improved my confidence in debugging and embedded coding. The use of the Arduino IoT Cloud added another dimension by connecting the hardware to the digital world through push notifications and email alerts. Setting up the cloud dashboard, defining variables, and testing network communication provided a practical introduction to Internet of Things (IoT) systems that directly aligned with real-world healthcare applications.
The experience also reshaped my understanding of system reliability and user experience. While I initially focused primarily on technical functionality, testing made it clear that usability mattered just as much. Even small interface elements, such as the OLED display showing “NO PULSE” when no finger was detected, transformed the prototype from a mere technical circuit into a communicative device that could support users with minimal technical knowledge. Seeing the system respond autonomously and display live data was one of the most rewarding moments in the project.
In retrospect, the most valuable outcome of this journey was learning how to navigate uncertainty. Hardware projects rarely follow a linear path, and this one was no exception. Each setback—whether a damaged sensor, a non-functional library, or a failed data transmission—became an opportunity to strengthen analytical and problem-solving skills. I also learned to document each step systematically, which proved essential when switching hardware platforms and debugging recurring issues.
Looking forward, I recognize that future improvements could focus on data reliability, power optimization, and more sophisticated filtering algorithms. Yet beyond the technical aspects, this project has shaped how I approach engineering challenges in general. It has taught me persistence, adaptability, and the ability to balance ideal design goals with practical feasibility. In the end, despite the obstacles, I am proud of the system I created and the growth it represents—both as an engineer and as a researcher committed to making healthcare technology more accessible.
[bookmark: _Toc215916220]7.2 System Evaluation
The final prototype achieved its primary objectives. It successfully monitored heart rate using the HW-827 sensor, displayed readings on the OLED, and synchronized data with the Arduino IoT Cloud. The system reliably detected when the user’s heart rate exceeded the 150 BPM threshold for more than ten seconds and triggered both email and push notifications. It also handled “no pulse” conditions correctly, displaying a clear on-screen message and resetting automatically once contact was restored.
Reliability and Accuracy:
The prototype performed reliably during repeated tests, maintaining a steady Wi-Fi connection and stable operation without resets or data loss. Power delivery via USB was sufficient to drive all components. However, accuracy was limited by the sensor’s analog nature; readings varied with movement, ambient light, and finger positioning.
Usability and Responsiveness:
The device responded promptly to input changes, with visible updates on the OLED occurring in real time. The intuitive visual feedback, combined with automatic notifications, demonstrated a well-balanced design that balanced simplicity and functionality.
Overall Assessment:
While the system is not intended as a medical-grade device, it effectively demonstrates the feasibility of a low-cost, real-time monitoring system for educational or proof-of-concept use. It met the core performance expectations, maintained consistent stability, and provided clear visual and digital feedback throughout testing.
[bookmark: _Toc215916221]SECTION 8: FURTHER ENHANCEMENT
The current system demonstrates a functional, low-cost solution for real-time heart-rate monitoring and alerting. While effective as a proof of concept, several opportunities exist to expand its performance, reliability, and adaptability—especially for deployment in remote or resource-limited environments. The following subsections outline key areas for future improvement.
[bookmark: _Toc215916222]8.1 Sensor Upgrade and Signal Accuracy
While the HW-827 pulse sensor achieved the project’s core objectives, its analog nature introduces instability—readings vary with ambient light, finger pressure, and motion artefacts. To enhance precision and robustness, future versions could employ a digital optical sensor such as the MAX30105 or MAX30205. These sensors include integrated LED drivers and digital filtering; although the MAX30105 is marketed for smoke detection, its photoplethysmography (PPG) capability is widely adapted for bio-sensing applications [22].
If the existing analog approach is retained, accuracy can still be improved through software-based filtering. Adaptive algorithms such as Kalman filters can dynamically estimate and correct noisy measurements in real time. Shah et al. demonstrated that adaptive Kalman filtering significantly stabilizes PPG-based heart-rate and respiration estimates under motion [24]. Implementing similar filtering would smooth BPM variation and suppress artefacts caused by movement or inconsistent contact.
Adding a short calibration routine—asking users to remain still for several seconds before measurement—could further refine signal thresholds and improve repeatability. Together, sensor and algorithmic upgrades would enhance measurement stability and move the prototype closer to clinical-grade reliability.
[bookmark: _Toc215916223]8.2 Local Data Logging and Long-Term Analysis
At present, all measurements are transmitted to the Arduino IoT Cloud and displayed in real time. To enable longitudinal analysis, future iterations could incorporate local data storage using an SD card or EEPROM module. Storing timestamped readings would allow users or clinicians to review daily and weekly trends, providing insight into resting-rate variability or recurring tachycardia events. A configurable sampling interval (e.g., every 10 s–1 min) could balance detail with memory use. When storage reaches capacity, automatic overwriting or scheduled upload to the Cloud would maintain continuous operation. Combining local logging with Cloud synchronization would create a hybrid solution that preserves data even during network interruptions.
[bookmark: _Toc215916224]8.3 Offline Alert and Feedback Mechanisms
Because the prototype relies on Wi-Fi for push notifications and email alerts, it cannot currently warn users when the network is unavailable. Introducing a local alert feature—such as a piezo buzzer, vibration motor, or bright indicator LED—would ensure immediate feedback during abnormal conditions. For example, the device could emit a tone for 10 seconds when BPM > 150.
In remote areas, optional expansion with a GSM or LoRa module could enable SMS-based or radio-based alerts. This hybrid alert model would preserve usability in both connected and disconnected contexts, aligning with the project’s original aim of serving underserved regions.
[bookmark: _Toc215916225]8.4 Power Efficiency and Portability
The current design relies on a USB connection to a laptop, limiting portability. Adding a rechargeable Li-ion battery and charging circuit (e.g., TP4056) would allow several hours of autonomous operation. Power-management techniques such as sleep-mode scheduling or adaptive sampling could reduce energy consumption when no pulse is detected. Enclosing the hardware in a lightweight 3D-printed casing would improve durability and usability. A small handheld enclosure with a clear sensor window would protect the electronics and make the system easier to carry for field use or mobile clinics.
[bookmark: _Toc215916226]8.5 Security and User Personalization
In its current form, the IoT dashboard is publicly accessible without authentication. Implementing user login controls would protect data integrity and comply with privacy requirements.
Future versions could support multiple user profiles, assigning unique identifiers to each patient so their heart-rate history can be stored separately. Encrypting stored or transmitted data would prevent unauthorized access and align the device with modern standards for managing personal health information.
[bookmark: _Toc215916227]8.6 Integration with Healthcare Infrastructure
As telemedicine expands, interoperability becomes increasingly valuable. The system could interface with Electronic Health Record (EHR) systems using open standards such as FHIR (Fast Healthcare Interoperability Resources). This would enable clinicians to retrieve live or archived readings directly within their workflows.
Further enhancement could involve AI-driven analysis hosted on the Cloud: algorithms could identify irregular heart-rate patterns, issue predictive warnings, or compile periodic summaries for clinicians. Such functionality would elevate the project from a stand-alone educational prototype to a connected health-monitoring node within a larger smart-care ecosystem.
[bookmark: _Toc215916228]8.7 Educational and Research Applications
Beyond practical healthcare use, the system holds strong potential as an educational platform. Its reliance on open-source hardware and libraries makes it ideal for teaching embedded programming, IoT connectivity, and bio signal processing.
By modifying the sensors or software, students could extend the same setup to measure respiratory rate, temperature, or galvanic skin response. The system therefore serves as both a working prototype and a flexible teaching tool for biomedical engineering and computer-science courses.
In summary, the Arduino-based heart-rate monitor provides a solid foundation for developing accessible, connected healthcare solutions. The proposed enhancements—covering sensor precision, data handling, offline resilience, power autonomy, security, and interoperability—would transform the design from a prototype into a portable, reliable device. These refinements would not only enhance technical performance but also extend the project’s real-world impact, supporting continuous, inclusive healthcare monitoring in both urban and rural environments.
[bookmark: _Toc215916229]SECTION 9: CONCLUSION
This project successfully developed and demonstrated a functional, low-cost heart-rate monitoring system using the Arduino UNO R4 WIFI, the HW-827 pulse sensor, and a 0.96-inch OLED display. Through the Arduino IoT Cloud, the prototype achieved continuous heart-rate tracking, live visualization, and automated email and push notifications when readings exceeded safe limits. Despite initial setbacks with the Raspberry Pi platform and unsupported sensor libraries, the Arduino environment provided a stable, well-documented framework that enabled reliable data acquisition and real-time connectivity.
The system’s testing confirmed consistent performance in detecting pulses, displaying accurate readings, and generating alerts under high-BPM conditions. While not intended for medical-grade diagnostics, the prototype demonstrated that accessible, open-source hardware can deliver meaningful physiological monitoring capabilities at minimal cost.
Equally important, the project offered valuable practical experience in embedded system design, sensor integration, and IoT-based communication. The iterative troubleshooting process—addressing wiring noise, sensor sensitivity, and Cloud synchronization—highlighted the importance of calibration, data smoothing, and user feedback in bio signal systems.
Although certain limitations remain—such as analog noise and dependence on network connectivity—the groundwork has been laid for substantial improvement. The Further Enhancement section identified clear next steps, including sensor upgrades, local data logging, offline alerting, improved power management, and enhanced data security. Implementing these refinements would transform the current prototype into a portable, semi-autonomous health-monitoring device suitable for both personal and community-based applications.
Ultimately, this project demonstrates how modern open-hardware platforms can help bridge the technological gap between affordability and functionality in health monitoring. By combining simplicity, connectivity, and adaptability, the Arduino-based heart-rate monitor contributes meaningfully to the growing field of accessible digital healthcare innovation.
[bookmark: _Toc215916230]SECTION 10: APPENDICES
[bookmark: _Toc215916231]Appendix A: Code Structure
Listing A1 – Lines 1–16 (Arduino IoT Cloud Auto-Generated Header Block)
Listing A1.Autogenerated sketch header and introductory comments (Lines 1–16)[image: ]
This section contains metadata automatically generated by the Arduino IoT Cloud platform. It documents the cloud “Thing” linked to the sketch and describes how cloud-synchronized variables are handled. The comments identify two key variables:
· bpm_value_cloud – an integer representing the current BPM sent to the cloud
· email_alert_cloud – a Boolean flag that triggers cloud notifications
These variables are automatically synchronized between the device and the Arduino IoT Cloud dashboard. The block also explains that READ/WRITE cloud variables have callback functions appended to the end of the sketch. No executable code appears here; it is purely descriptive documentation produced by the platform.
Listing A2 – Lines 17–48 (Library Imports, Display Setup & Global Variables)
Listing A2. Library imports, display object, and global variable declarations (Lines 17–48)
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This listing imports all required libraries:
· thingProperties.h enables cloud connectivity and variable synchronization.
· PulseSensorPlayground.h provides beat detection and BPM calculation.
· Adafruit_GFX.h and Adafruit_SSD1306.h control the OLED display.
· Wire.h handles I²C communication.
The OLED display parameters are defined using constants for screen width and height. The following global variables configure the sensor and system behaviour:
· PulseWire – the analog input pin for the HW-827 sensor
· LED – built-in LED used to indicate heartbeat pulses
· Threshold – PPG signal threshold for beat detection
· A smoothing buffer (BUFFER_SIZE, bpmBuffer[], bufferIndex) averaging BPM to reduce noise
· Error-handling variables: bpmThreshold, duration, lastHighTime, and aboveThreshold
· lastBeatDetected and noBeatTimeout provide a “no pulse detected” fail-safe
These variables are used throughout the program and define how the system interprets sensor data and triggers alerts.
Listing A3 – Lines 49–89 (Setup Function: Cloud, Sensor, OLED Initialization)
Listing A3. Setup function: sensor, Cloud, and OLED initialization (Lines 50–89)
[image: ]
This part of the program runs once at startup. It performs four essential initialization tasks:
1. Serial communication setup
Serial.begin(115200);
This enables debugging through the Serial Monitor, allowing real-time observation of BPM values and system behaviour.
2. Arduino IoT Cloud initialisation
· initProperties() loads Cloud variable bindings.
· ArduinoCloud.begin() establishes the Wi-Fi/Cloud connection.
· Debug level is set with setDebugMessageLevel(2) and diagnostic information is printed.
This prepares the device for cloud synchronisation.
3. Pulse sensor configuration
The HW-827 pulse sensor is initialised:
· Input pin is selected (analogInput(PulseWire)),
· The built-in LED is linked to heartbeat detection (blinkOnPulse(LED)),
· The detection threshold is applied (setThreshold(Threshold)),
· pulseSensor.begin() confirms successful startup.
4. OLED display initialisation
· The screen is initialised at I²C address 0x3C.
· A default message (“Hello OLED”) is printed to confirm that the display is working before entering the main loop.
Listing A4 (Part 1) – Lines 92–126 (Loop Function: Beat Detection, Averaging, Display Output)
Listing A4. Main loop: beat detection, BPM calculation, smoothing, display, and alert logic (Lines 92–144) /PART 1(Lines 92-126)/
[image: ]
This is the beginning of the main program loop, executed continuously.
· The cloud is updated using ArduinoCloud.update() to synchronise variables.
· pulseSensor.sawStartOfBeat() detects the rising edge of a heartbeat.
· getBeatsPerMinute() retrieves the instantaneous BPM reading.
· The timestamp lastBeatDetected is updated to prevent false “no pulse” messages.
The program keeps the most recent five BPM readings in an array.
Each time a new reading arrives, it is placed in the next position of the array.
When the end of the array is reached, the index loops back to the beginning.
This rolling behaviour provides a stable average by preventing momentary fluctuations from affecting the displayed BPM.
The averaged BPM is:
· Printed to the serial monitor
· Sent to the cloud (bpm_value_cloud = avgBPM)
· Displayed on the OLED screen using enlarged white text
This part of the code ensures stable, readable BPM output both locally and remotely.
Listing A4 (Part 2) – Lines 126–144 (High BPM Alert Logic)
Listing A4.1. Main loop: beat detection, BPM calculation, smoothing, display, and alert logic (Lines 92–144) /PART 2(Lines 127-144)/
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This part of the loop implements the system’s high-BPM safety mechanism, based on a threshold of 150 BPM.
1. When avgBPM > bpmThreshold, the program checks whether this is a new event or an ongoing high-BPM condition.
2. If the threshold has just been exceeded, the system records the start time by setting lastHighTime = millis().
3. If the heart rate remains above the threshold for 10 seconds or longer, the system triggers a full alert response, which includes:
· printing a warning message to the Serial Monitor,
· setting email_alert_cloud = true to activate a Cloud notification,
· setting the local email_alert flag to true (used to control OLED behavior).
The OLED display is then cleared and updated with the message:
“ERROR: BPM above 150”
This ensures the user receives an immediate on-device visual alert.
If the BPM returns below the threshold, all alert-related variables (email_alert_cloud, email_alert, and aboveThreshold) are reset. This prevents unnecessary notifications and allows the system to re-arm itself for future events.
Overall, this code block provides the device’s core sustained high-BPM detection and alert functionality, ensuring that short spikes do not trigger false alarms.
Listing A5 – Lines 145–173 (No Pulse Detection & Display Reset)
Listing A5. No-pulse detection and recovery logic (Lines 145–173)
[image: ]
This section handles cases where no pulse has been detected for more than 5 seconds. When this timeout occurs, the BPM value is reset to zero, and a message is printed to the Serial Monitor to indicate loss of signal.
The OLED display is then updated with a three-line prompt:
NO PULSE
Touch
sensor...
The code intentionally prints each word on a separate line.
This is not only for readability but also because the SSD1306 OLED requires careful text positioning. If the entire message were placed on a single line of code (e.g., "NO PULSE Touch sensor..."), the display would produce a misaligned or visually distorted output.
By structuring the text across multiple println() statements, the message appears properly centered and clearly readable on the physical OLED screen, improving the user experience and ensuring the device communicates status effectively.
A short delay(20) is included at the end of the loop iteration to maintain smooth operation.
Listing A6 – Lines 174–193 (Cloud Callback Functions)
Listing A6. Cloud callback functions and READ/WRITE variable handlers (Lines 175–193)
[image: ]
These functions are mandatory placeholders generated by the IoT Cloud system for READ/WRITE variables:
· onBpmValueCloudChange()
· onEmailAlertCloudChange()
In this project, they are intentionally left empty because the system does not require actions triggered from the cloud—only to the cloud.
However, they enable easy future expansion, such as changing threshold values or display settings remotely.
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#include "thingProperties.h”
#include <PulseSensorPlayground.h>
#include <Adafruit_GFX.h>

#include <Adafruit_sSD13@6.h>
#include <Wire.h>

#define SCREEN_WIDTH 128
#define SCREEN_HEIGHT 64
Adafruit_SsD13@6 display(SCREEN_WIDTH, SCREEN_HEIGHT, &Wire, -1);

// Variables

const int PulseWire = 0 // PulseSensor PURPLE WIRE connected to ANALOG PIN ©
const int LED = LED_BUILTIN; // Built-in LED blinks with heartbeat

int Threshold = 356; // Adjust based on Serial Plotter (~baseline + 18-20)

PulseSensorPlayground pulseSensor;

// BPM smoothing buffer
const int BUFFER_SIZE = 5;
int bpmBuffer[BUFFER_SIZE];
int bufferIndex = 6;

// Error detection

const int bpmThreshold = 150;

const unsigned long duration = 10068; // 10 secs
unsigned long lastHighTime = 6

bool aboveThreshold = false;

//variables if the sensor does not read data for more than 5 secs
unsigned long lastBeatDetected =
const unsigned long noBeatTimeout

5000; // 5 seconds
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loud_Variables_oct01a.ino = ReadMe.adoc H thingProperties.h =+

Sketch generated by the Arduino IoT Cloud Thing "Untitled”
https://create.arduino.cc/cloud/things/fc255453-3bbd-4c64-bef7-f4e250d5b93a

Arduino IoT Cloud Variables description
The following variables are automatically generated and updated when changes are made to the Thing

int bpm_value_cloud;
bool email_alert_cloud;

Variables which are marked as READ/WRITE in the Cloud Thing will also have functions
which are called when their values are changed from the Dashboard.
These functions are generated with the Thing and added at the end of this sketch.
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#include "thingProperties.h"
#include <PulseSensorPlayground.h>
#include <Adafruit_GFX.h>
#include <Adafruit_SSD1306.h>
#include <Wire.h>

#define SCREEN_WIDTH 128
#define SCREEN_HEIGHT 64

Adafruit_SSD1386 display(SCREEN_WIDTH, SCREEN_HEIGHT, &Wire, -1);

// Variables

const int PulseWire = 9;
const int LED = LED_BUILTIN;
int Threshold = 350;

PulseSensorPlayground pulseSensor;

// BPM smoothing buffer
const int BUFFER_SIZE = 5;
int bpmBuffer[BUFFER_SIZE];
int bufferIndex = 9;

// Error detection

const int bpmThreshold = 156;
const unsigned long duration =
unsigned long lastHighTime = 0;
bool aboveThreshold = false;

//Variables if the sensor does not read data for more than 5 secs

unsigned long lastBeatDetected = 0;

const unsigned long noBeatTimeout = 5600; // 5 seconds

// PulseSensor PURPLE WIRE connected to ANALOG PIN ©
// Built-in LED blinks with heartbeat
// Adjust based on Serial Plotter (~baseline + 18-20)

10000; // 10 secs
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O Cloud_variables_oct01a.ino = ReadMe.adoc H thingProperties.h

void setup() {

Serial.begin(115200);

// Defined in thingProperties.h
initProperties();

// Connect to Arduino IoT Cloud
ArduinoCloud.begin(ArduinoIoTPreferredConnection);

/%
The following function allows you to obtain more information
related to the state of network and IoT Cloud connection and errors
the higher number the more granular information you'll get.
The default is @ (only errors).
Maximum is 4

*/

setDebugMessagelLevel(2);

ArduinoCloud.printDebugInfo();

//Pulse sensor setup
pulseSensor.analogInput(PulseWire);
pulseSensor.blinkOnPulse(LED);
pulseSensor.setThreshold(Threshold);
if (pulseSensor.begin()) {

Serial.println(“We created a pulseSensor Object!");

}

//Display setup

if (!display.begin(SSD1386_SWITCHCAPVCC, ©x3C)) { // change to @x3D if
Serial.println(F("SSD1386 allocation failed"));
for (53):

}

//Set default text when display starts

display.clearDisplay();

display.setTextSize(2);

display.setTextColor(SSD1386_WHITE);

display.setCursor(e, 0);

display.println(“Hello OLED");

display.display();

needed
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91

92 boolean email_alert = false;

93

94 void loop() {

95 ArduinoCloud.update();

96 // Your code here

97 if (pulseSensor.sawStartOfBeat()) {

98 int myBPM = pulseSensor.getBeatsPerMinute();
99 lastBeatDetected = millis();

100

101 // Put BPM into smoothing buffer

102 bpmBuffer[bufferIndex] = myBPM;

183 bufferIndex = (bufferIndex + 1) % BUFFER_SIZE;
104

185 // Calculate average BPM

106 int sum = 0;

107 for (int i = 8; i < BUFFER_SIZE; i++) {

108 sum += bpmBuffer[i];

109 }

110 int avgBPM = sum / BUFFER_SIZE;

111 //set cloud variable "bpm_value_cloud" value
112 bpm_value_cloud = avgBPM;

113

114 //Printing BPM

115 Serial.print("v BPM: ");

116 Serial.println(avgBPM);

117

118

119 //Display last read value on OLED Display
120 display.clearDisplay();

121 display.setTextSize(2);

122 display.setTextColor(SSD1366_WHITE);

123 display.setCursor (e, 0);

124 display.print("BPM: "); display.println(avgBPM);
125 display.display();

126
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// High BPM error detection
if (avgBPM > bpmThreshold) {

if (!aboveThreshold) {
aboveThreshold = true;
lastHighTime = millis();

} else if (millis() - lastHighTime >= duration ) {
Serial.println(” 4 ERROR: BPM above 158 for over 18 seconds!
email_alert_cloud = true;
email_alert = true;

//Display error message on OLED Display
display.clearDisplay();
display.setTextSize(2);
display.setTextColor(SSD1366_WHITE);
display.setCursor(e, 0);
display.println("ERROR: BPM above 158");
display.display();
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}

// If no beat detected for >5s,
if (millis() - lastBeatDetected > noBeatTimeout) {

}

} else {
//Set variable to default values
email_alert_cloud = false;
email_alert = false;
aboveThreshold = false;

}

if (bpm_value_cloud != 8) {
bpm_value_cloud = @;

reset BPM to @

H thingPr

Serial.println(“No pulse detected for more than 5 secs.”);

display.clearDisplay();
display.setTextSize(2);
display.setTextColor(SSD1306_WHITE);
display.setCursor(e, 0);
display.println("NO PULSE");
display.println(“Touch");
display.println(“sensor...");
display.display();

}

delay(20);
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175 /*

176 Since BpmValueCloud is READ_WRITE variable, onBpmValueCloudChange() is
177 executed every time a new value is received from IoT Cloud.

178 */

179 void onBpmValueCloudChange() {

180 // Add your code here to act upon BpmValueCloud change

181 }

182

183

184

185

186

187 /*

188 Since EmailAlertCloud is READ_WRITE variable, onEmailAlertCloudChange() is
189 executed every time a new value is received from IoT Cloud.

190 */

191 void onEmailAlertCloudChange() {

192 // Add your code here to act upon EmailAlertCloud change

193 }
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