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I ABSTRACT

This paper details the development of a multifunctional, cost-effective wearable designed to
measure critical medical and environmental variables from the user’s wrist. The device integrates
sensors for directly acquiring heart rate, blood oxygen, body temperature, local weather condi-
tions, and acoustic signals. After collection, the data is wirelessly transmitted via Bluetooth to an
Android application, where further analysis is performed to generate insights into the user’s well-
being, including health trends and predictions. This device embodies the fusion of environmental
and health telemetry in an affordable, accessible format. The report also explores the device’s po-
tential to enhance group care in settings like nursing homes by facilitating the continuous remote
monitoring of residents.

II INTRODUCTION

Designed to be worn on the body, wearable technology has become increasingly prevalent in
healthcare in recent years. These devices offer several benefits, including real-time data collection,
improved convenience, and continuous tracking of various health metrics. By providing constant
access to detailed health data, wearables promote greater awareness and proactive management of
health issues, allowing users to make informed health decisions and enabling healthcare providers
to monitor patients more effectively. Moreover, wearable technology has demonstrated its ability
to encourage healthy behaviors and mitigate the risk of chronic conditions such as cardiovascular
disease and diabetes [1].

Building on the widespread adoption and benefits of this technology, this report details the
development of HomeFlow, a minimal, cost-effective, and user friendly wearable health monitor.
This wrist-mounted device is designed to monitor both critical medical metrics and local weather
conditions, a feature seldom found in current wearable technologies. The device integrates a suite
of sensors, enabling the monitoring of heart rate, blood oxygen, body temperature, local tempera-
ture, barometric pressure, relative humidity, indoor air quality, movement, and noise levels. This



combination facilitates a comprehensive approach to health and environmental monitoring.

The user interface is designed to be simple, allowing the wearable to provide advanced func-
tionality while maintaining ease of use. To enhance both functionality and usability, an Android
application was developed alongside the device. This application communicates with the device via
Bluetooth, presenting the health metrics collected by HomeFlow in a clear and accessible format
and archiving this data for subsequent analysis and retrospective review. This seamless integration
of the wearable and application ensures that users of all experience levels can operate the system
with ease.

This report also explores HomeFlow’s potential for deployment in group care facilities. In these
environments, each resident can be equipped with a device capable of monitoring and analyzing
their individual medical and environmental status in real-time. The metrics collected by these de-
vices can be accessed by medical staff continuously, enabling immediate responses to urgent health
issues. Additionally, healthcare providers can review this data during regular assessments or other
interactions with the resident, ensuring that their decisions are informed by comprehensive, up-
to-date information. HomeFlow’s integrated monitoring and analysis capabilities offer a proactive
approach to communal medical care, enhancing the quality of support provided in such situations.

III' WEARABLE DEVICE DESIGN

A. Hardware Components

The HomeFlow wearable includes a carefully selected array of peripherals, chosen based on
their capability, compactness, cost-efficiency, and power consumption. These considerations en-
sure that the device operates effectively across various environments while maintaining conve-
nience and user comfort. The following passage provides detailed descriptions of each component
and its key characteristics and functionalities. Fig. 1 depicts the device’s architecture, including
the communication protocol used to interface with each component.

1) NRF52840: Serving as the wearable’s core processor, the nRF52840 microcontroller fea-
tures an ARM Cortex M4 CPU and is equipped with onboard Bluetooth Low Energy technology
for straightforward and efficient wireless communication. The SOC’s support of I12C, SPI, UART,
GPIO, and ADC operations is essential, enabling the integration of a diverse range of sensors and
peipherals [2].

2) TMP117: The TMP117 is a high-precision digital temperature sensor employed to de-
tect the user’s body temperature. Specifically designed to meet accepted standards for electronic
medical thermometers, it provides a temperature result with an accuracy of 0:1°C across a range
of 20°C to 50°C without requiring calibration. This sensor was selected for its superior perfor-
mance, [2C compatibility, and extreme power efficiency.

3) BMEG688: The BMEG68S is an 12C-capable integrated environmental sensor capable of
measuring temperature, barometric pressure, relative humidity, and volatile organic compounds
(VOCs) [3]. The data provided by this sensor is critical for assessing air quality, which can have
drastic effects on a wide array of health conditions, according to [4]. This sensor is ideal for



applications with power and space constraints [3].

4) MAX32664: The MAX32664 is a specialized microcontroller that simplifies the operation
and processing of data from biometric sensors. As described by [5], this ’sensor hub” efficiently
performs heart rate and blood oxygen saturation computations, offloading these tasks from the main
processor and preserving computational resources. The MAX32664 is capable of 12C communi-
cation and uses this protocol to communicate with both the NRF52840 and MAX30101, described
in (1) and (5), respectively.

5) MAX30101: The MAX30101 is a compact sensor engineered for pulse oximetry and heart
rate monitoring in medical devices. It functions by emitting light from onboard LEDs and detecting
variations in light absorption by the blood using photodetectors. This module is managed via [2C
by the MAX32664, which processes the raw captured data and transmits the computed metrics to
the NRF52840 [6].

6) LSM9DS1: The LSM9DSI is an inertial measurement unit (IMU) that integrates a 3D
accelerometer, gyroscope, and magnetometer to facilitate precise motion detection. It utilizes
10 MHz SPI communication to achieve fast and reliable data transfer, which is essential for im-
plementing real-time step tracking and fall detection. This IMU’s minimal footprint and power
consumption render it ideal for activity tracking in wearable applications [7].

7) ST7789V: The ST7789V is a compact display controller that supports LCD panels up to
320 240 pixels in resolution with an 18-bit color depth. It communicates through its SPI interface
at a 4 MHz frequency, providing sufficient display refresh rates to support dynamic content and
consistent updates [8].
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Figure 1: Hardware Block Diagram



8) LM393: The LM393, a dual differential comparator, functions as the primary compo-
nent in the wearable’s noise level sensor. When paired when an omnidirectional microphone, this
component delivers an analog output proportional to the intensity of detected acoustic signals [9].

9) VCO0834B011F: The VC0834BO011F is miniature coin vibration motor with a diameter of
8 mm and a thickness of 3:4 mm, powered by a 3V DC supply. Its small size, moderate voltage
requirement, and quiet operation make it an excellent choice for providing user notifications in a
wearable device, where space is limited and discretion is valued [10].

10) EN10: The ENI10, a rotary encoder that offers rotational measurement, has a body diame-
ter of 10 mm and a mechanical lifespan of over 100,000 cycles. With its compact design, low torque
requirement, and tactile feedback, the EN10 embodies a simple and reliable user interface [11].

11) Battery: We employed two 3:7V, 150 mAh lithium polymer batteries connected in series
to power the wearable device. This configuration provides a total voltage of 7:4V, which was reg-
ulated down to a stable 5V before being passed into the microcontroller.

B. Printed Circuit Board (PCB) Design

With dimensions of 35 mm by 50 mm, the PCB for this project is designed to accommodate all
necessary components while maintaining a slim profile suitable for incorporation into the wearable
device. As detailed in Table 1, this 6-layer board utilizes a stackup specifically chosen to optimize
electrical performance while minimizing electromagnetic interference (EMI). The principles used
in designing our circuit are outlined in the passages below.

Table 1: 6-layer stackup for wearable device PCB [12]

Layer Material | Thickness | Dielectric Constant
1 Top Signal Layer Copper 0.035 mm N/A
1.1 Prepreg 1 2116%2 0.233 mm 4.16
2 Upper GND Plane Copper 0.03 mm N/A
2.1 Core 1 Core 0.15 mm 4.6
3 | Internal Signal Layer | Copper 0.03 mm N/A
2.1 Prepreg 2 2116*2 0.218 mm 4.16
4 Power Plane Copper 0.03 mm N/A
4.1 Core 2 Core 0.15 mm 4.6
5 Lower GND Plane Copper 0.03 mm N/A
5.1 Prepreg 3 2116%2 0.233 mm 4.16
6 | Bottom Signal Layer | Copper 0.035 mm N/A

1) Embedded Capacitance and Decoupling Strategies: Many high-speed PCB designs are
prone to I noise, also known as ground bounce. While, discrete decoupling capacitors are fre-
quently employed to mitigate this noise and preserve circuit functionality, they require substantial
surface area on the board and offer a limited effective frequency range. [13]. Embedded capaci-
tance provides a superior alternative by utilizing the inherent capacitance between closely spaced
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