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1.0 Component Analysis:

We plan to incorporate the following hardware components for HydraWise: a microcontroller, a heart rate sensor, a conductivity sensor, and a battery. The microcontroller will have built-in Bluetooth to send and receive data from the connected phone. As for the conductivity sensor, it will be measured on the user’s command from the phone app. The heart rate sensor will be continuously monitoring and measuring the users heart rate, the actual heart rate will be processed on the sensor, and then sent to the phone app over Bluetooth to be displayed to the user in the app. The last major component, the battery, will be the supply to all the components on the device.

1.1 Analysis of Component 1: Microcontroller

Choosing a microcontroller for HydraWise was easily narrowed down on the basis of size. As we want our packaging to comfortably fit on the user’s wrist, we looked to find a microcontroller that was small enough to be placed on the wrist. Our additional constraints include reliable Bluetooth wireless transmission that is continuous. Prior knowledge in our team involves working with the STM32. However, this microcontroller is bulky and doesn’t have Bluetooth. Meanwhile, the ESP32 has become a popular choice among embedded systems engineers as it supports Bluetooth functionality and has multiple ports for the different interfaces we plan to incorporate into our project including ADC, I2C, and Bluetooth. The ESP32 also comes with extensive documentation, making it easy to understand any model that we choose to use in terms of functionality and implementation. 
	Feature
	STM32F091RCT6[1]
	ESP32-WROOM-32E
[2]
	ESP32-MINI-H2
[3]

	Clock Speed
	48 MHz
	40 MHz
	48 MHz

	GPIO Pins
	52
	26
	19

	Dedicated UART Channels
	2
	2
	2

	Flash Memory
	128-256 KB
	4-16 MB
	2 MB or 4 MB

	SRAM
	32 KB
	520 KB
	320 KB

	ADC Channels
	16
	16
	5

	I2C Channels
	2
	2
	2

	DAC Channels
	2
	2
	-

	Timers
	12
	8
	4

	Embedded Bluetooth
	-
	Bluetooth V4.2 BR/EDR and Bluetooth LE specification
	• Bluetooth Low Energy (Bluetooth 5.3 certified)
• Bluetooth Low Energy long range (Coded PHY, 125 Kbps and 500 Kbps) 

	Selection
	Too big, no BLE
	CHOSEN
	Hard to solder



The STM32F091RCT6 has a ton of flash memory and GPIO pins but it does not have Bluetooth. When considering the ESP32-WROOM-32E and the ESP32-MINI-H2, the WROOM has a lot more ADC channels and timers, which will be beneficial for when we incorporate our sensors. Additionally, it will be safer for HydraWise if we choose the microcontroller with larger flash memory capacity. This is crucial for when we flash data between the microcontroller and our app via Bluetooth when displaying heart rate and hydration data. The WROOM conveniently has amazing documentation which will be extremely beneficial to us. 

1.2 Analysis of Component 2: Heart Rate Monitor

Similarly to choosing a microcontroller, size played a large role in determining what kind of heart rate monitor we selected. Another important consideration was the method we were using to obtain the heart rate reading and the location on the body we would be getting the readings from. Since our device will be worn on the wrist as opposed to the finger, upper arm, or chest for example, we decided to use a optical heart rate sensor since they are the most common for this type of application. Due to these constraints, we were pretty limited in terms of our options. The two sensors in contention at the end for use were the MAX30101 and MAX30102 from Maxim Integrated. Both devices are very similar in their specifications, mainly differing in the technology used to capture the heartrate reading. Both devices house an ADC to convert the data format and use the same SDA and I2C processes to send the data to the microcontroller. They also contain the same software for removing noise from the readings and other data preprocessing features. 

	
	MAX30101 [4]
	MAX30102 [5]

	Supply Voltage
	5.0V (Green LED)
	3.3V (Red LED)



The MAX30101 utilizes green LED light to capture heart rate while the MAX30102 captures the heart rate with red LED light. Green light is generally considered more effective at measuring heart rate because green light is better absorbed by the blood, which allows a stronger signal to be detected when measuring changes in blood volume [6]. Because they’re nearly identical in all aspects other than the method of obtaining a measurement, we opted to choose the MAX30101 as it offers a better ability to get accurate measurements with little to no consequences.


1.3 Analysis of Component 3: Conductivity Sensor

In selecting the conductivity sensor, multiple approaches were considered, including off-the-shelf commercial sensors, custom-built solutions using a voltage divider, and conductivity probe-based sensors. The selected component, IST LFS1K0.1107.2I.B.070-6.S, was compared against these alternative methods based on multiple parameters and analyzed under our design constraints. 
The custom voltage divider sensor operates by using the user’s sweat as a resistor to measure the voltage differential across it, from which resistance and conductivity can be calculated. However, its accuracy is highly dependent on careful calibration, and it is susceptible to noise. Additionally, its response time can vary, as the sensor may require additional filtering to stabilize fluctuating readings. With the increased complexity of the sensor (to build and implement), added to it being less reliable and requiring more data processing, our team decided to move in another direction.
The conductivity probe sensor, which measures electrical conductivity in a solution, was found to be inadequate for wearable applications. While conductivity probes seemed effective for measuring the conductivity of sweat [8], its large size and need for maintenance and cleaning for unaltered readings made it impractical for a wearable device, such as a wristband.
The IST LFS1K0.1107.2I.B.070-6.S is designed for low-conductivity liquid analysis, making it a strong candidate for sweat analysis. It provides high sensitivity with an accurate, fast response (< 1s) while maintaining low power consumption [7]. Since it is a pre-calibrated MEMS-based sensor, it offers a plug-and-play solution that minimizes the need for recalibration and signal processing.
After evaluating the three options, the IST LFS1K0.1107.2I.B.070-6.S was selected as the most reliable and practical solution for obtaining conductivity data. It meets key requirements for accuracy, low power consumption, and integration ease while offering a durable and low-maintenance design.
	Feature
	IST LFS1K0.1107.2I.B.070-6.S
	Custom Sensor
	Conductivity Probes

	Conductivity Range
	10 µS/cm to 200 mS/cm
	Depends on design
	5 µS/cm to 200 mS/cm


	Response time
	Fast (< 1s)
	Moderate, Depends on design
	Fast (< 1s)

	Dimensions
	11.4 mm x 7 mm x 0.63 mm
	Moderate, Depends on design
	12mm x 12mm x 84mm






1.4 Analysis of Component 4: Battery

Just like all of the other components on the device, size is the biggest constraint, as we want to be able to package it all on a wristband style device. A downfall of needing a small battery size is that you will not get as much power. However, based on how this device is configured and designed, there will be minimal power consumed on the board, as this was designed specifically for that because we were aware power would become an issue if the devices in the system were power hungry. Based on these constraints we narrowed our battery choices down to two Lithium ion polymer batteries, one with 1250 mAh and one with 3000 mAh.

The only difference between these two options are the total power, and the physical size of the battery. We wanted to make sure that the device was as compact as possible, and the location of the battery was to be mounted right next to the PCB. Also, knowing that our device will be super efficient on power consumption, it’s known that 1250 mAh will be enough for our use case, which is a few hours of use at a time. As a result, although more power storage would be an upside, size is a bigger constraint, and 1250 mAh will still be enough power for our use case.
	
	MIKROE-4474
[9]
	LP503562JU+PCM+2 WIRES 50MM
[10]

	Nominal Voltage
	3.7V
	3.7V

	Current Limit
	1.5A
	250 mA

	Power Limit
	3000 mAh
	1250 mAh

	Size
	2.2”W x 2.4”L
	1.37”W x 2.44”L

	Cycle Life
	300 cycles
	300 cycles

	Rechargeable?
	Yes
	Yes

	Chemistry
	Li-ion Polymer
	Li-ion Polymer
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