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1.0 Component Analysis:

The Fairway Finder’s major components include the microcontroller, Bluetooth module, motor controller, power regulation system, and GPS module. 
 
The STM32F746ZG microcontroller serves as the core of the robot and was chosen primarily based on all our familiarity with it. The HM-10 Bluetooth Low Energy module enables wireless communication between the user's mobile device and the robot. We selected it for its simple UART interface integration and sufficient range. The DRV8874 H-Bridge Motor Controller manages the robot's drivetrain with MOSFET-based control, providing current handling for the DC motors while maintaining a cost-effective and hand-solderable solution. The AP63205/5 Buck Converter efficiently steps down the 12V battery supply to the required 3.3V and 5V levels for the electronics and also has a practical TSOT26 package for hand soldering. The SAM-M8Q GPS/GNSS module provides precise location tracking with high accuracy and low power consumption. We had this module recommended from a previous successful project implementation. 

1.1 Analysis of Component 1: Microcontroller 

The Microcontroller or MCU might be the most important part of our project because it is the component that will bring everything together. Our project is essentially an autonomous robot with the main objective of following a target. For this, we need an MCU that is capable of doing a lot of things at once. For example, communicate with a Bluetooth module, control the PWM to the wheels, communicate with ultrasonic sensors for obstacle avoidance, and much more. 

To do this, our team considered multiple options for the MCU:

· STM32: https://www.st.com/en/microcontrollers-microprocessors/stm32-32-bit-arm-cortex-mcus.html 
· Expressif ESP32: https://www.espressif.com/en/products/socs/esp32 
· Nordic nRF52: https://www.nordicsemi.com/Products/Development-hardware/nRF52-DK 
In Week 2 of class, Professor Walters talked about popular MCUs that have been used in the past in this class. The three he mentioned are the three we considered because we appreciate an expert's opinion. From there it was our team's job to pick one of the three that will be the brains of our autonomous robot. All three had their pros. For example, the STM32 was used in ECE 362, so everyone on our team had experience with using this family of MCU. Its familiarity with the team was very appealing. Additionally, one of the key parts of our project is having the robot connect to a mobile device via Bluetooth. As a result, the ESP32 and nRF52 were appealing because they have integrated Bluetooth in the MCU. The integrated Bluetooth was appealing because it would eliminate the need for an external Bluetooth module which could help us put more time into the other components of the project like the power system, obstacle avoidance, and the Follow-Me algorithm. 

After carefully considering all three we chose the STM32 because it was a Microcontroller, we were all familiar with it and we valued our previous experience with the technology. Although it was very appealing that the ESP32 and the nRF52 had integrated Bluetooth. Our team thought it was best to use the STM32 and an external Bluetooth module because the combination of the two would count as hardware PSDR. At the time, our PSDRs were still up in the air, so locking down the STM32 helped us solidify one of our first hardware PSDRs for the project. 

After we chose the STM32, we had to find which variant we wanted to use. In the STM32 family there are over 20 options to choose from, each having their own strengths and weaknesses. To help with our decision we first looked at which development boards were available to be checked out in the lab. There were several options, so I decided to take the time to learn the naming convention of the STM32 family so I could make a more educated decision.
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I used the above picture to help better understand the options. The first thing we considered was the type of processor, there were a couple of different options available. For example, F which stood for foundation, L for low-power, and H for high performance. The next thing we considered was the Core count, which ranged anywhere from 0 to 7. The next was the number of pins available and lastly was the flash size. 

After better understanding the key characteristics, we decided we wanted to find an option that had a high core count for high performance, a large pin count, and a high flash memory size. After looking at our options, we decided on the STM32F746ZG. This MCU had 7 cores which ensured high performance, a high pin count, and a high flash memory size. It met everything we were looking for and used the same ARM software architecture that we all have experience with. So, it seemed like the best option for our project. 


STM32F746ZG: https://www.st.com/en/microcontrollers-microprocessors/stm32f746zg.html 

1.2 Analysis of Component 2: Bluetooth Module

The Fairway Finder system requires a Bluetooth Low Energy (BLE) module to act as a bridge between the user’s mobile device and the robot itself. Core functionality for this module includes low power operation, compact, and most importantly, easy to integrate. We evaluated three candidates: the HM‑10 module (TI CC2541) [9], Bluefruit LE (Nordic nRF51822) [7], and Nordic nRF52832‑based modules [8]. We compared power consumption, interface simplicity, and overall performance. The HM‑10 module was selected because it best meets our design constraints and application requirements for reliable microcontroller-to-PC communication.

	Feature
	HM-10
	nRF51822
	nRF52832

	BLE Version
	4
	4
	4

	Power Consumption
(Active)
	19.6mA
	16mA
	7.5mA

	Range
	10m - 50m
	10m - 50m
	10m - 50m

	Data Rate
	1Mbps
	1Mbps
	1Mbps

	Compatibility
	UART, AT
	SPI, I2C, UART, PWM
	SPI, I2C, UART, PWM, PDM, I2S, NFC

	Form Factor
	4 Pin IC
	Solderable IC
	Solderable IC

	Cost
	$15
	$7.95
	$9.95


Table 1: Bluetooth Module Comparison

The HM-10 module, based on the TI CC2541, was selected as it provides the simplest integration path, leveraging a UART interface with AT command support, making it highly compatible with the STM32 microcontroller. Additionally, the HM-10 maintained a balance between power efficiency and range. It is listed to consume approximately 8.5mA during active transmission while supporting a configurable range of up to 50 meters, which is much like the other chips researched in this process.

Integration into the Fairway Finder system will involve establishing a UART driven connection between the HM-10 and the STM32 microcontroller at a >100k baud rate. This connection will facilitate the reception of control commands from the mobile app and the transmission of critical mobile system updates, such as tracking status and error notifications. To ensure robust and reliable communication, error-checking mechanisms, including a basic checksum validation system, will be implemented. Additionally, the module will support dynamic mode switching, allowing the user to transition seamlessly between autonomous and manual control via the mobile interface.

Ultimately, we selected the HM-10 module due to its robust compatibility and modular support with the STM32 microcontroller, combined with its proven BLE performance. The compatibility and ease in adjusting and testing the system will ensure that we can efficiently prototype our robot.



1.3 Analysis of Component 3: DRV8874 H-Bridge Motor Controller

	The group’s drivetrain calculations and practically available DC motors drove the requirements for our motor controller. This led to specifying DC motors that would require close to 2 amps of continuous current with a stall current in excess of 4-5A, while running at least 12V. H-bridge motor controllers were recommended during ECE477 lectures, as well as controlling the switching transistors using pulse width modulation. These controllers are best for this projects application because they have low resistance MOSFETs meaning high efficiency. Knowing these specifications research was completed between 3 capability levels of H-bridge controllers. As seen below the DRV8874 is the controller that best meets the specifications required by our project. The L298’s peak current is too low as the stall current of our DC motors could easily damage it. Not to mention its higher cost & low efficiency relative to the other controllers. On the other hand the VNH5019 matches or exceeds all the features of the DRV8874 but it has capabilities that we simply do not need for the extra ~$6.5. Therefore, because the DRV8874 controller is cheap, hand-solderable, and is efficient the group has selected it for our project.  
	Features
	L298
	DRV8874
	VNH5019

	Voltage Input Range
	4.5-46V
	4.5-37 V
	5.5-24V

	Continuous Current
	1A
	3A
	12A

	Peak Current
	2A
	6A
	30A

	Efficiency
	50-60%
	85-90%
	90%

	Current Limitation
	External circuit req.
	Built-in
	Built-in

	Package
	DIP-15
	HTSSOP-20
	PowerSO-30

	Cost
	$11.78
	$2.45
	$9.22



Table 2: Motor Controller Comparison




1.4 Analysis of Component 4: AP63205/5 Buck Converter

The drivetrain (motor controllers & DC motors) for this project requires a 12VDC source. Many of our sensors & microcontrollers require a voltage of 3.3V at up ~320mA and 5V at ~100mA. Therefore the robot’s 12V battery must be reduced to those levels. The group first considered multiple options to create this lower voltage. Such as linear voltage regulators, low dropout regulators, buck converters, and flyback converters. Flyback converters are too complex for our application, we are only going to be doing DC voltage conversion and do not want to have an external transformer on the PCB. Linear & low drop regulators as can be seen below (with low efficiencies) have high resistive losses and heat creation which the team wanted to avoid. Especially using limited battery power. Buck converters, with their high efficiency and potentially built in overvoltage protection were the clear choice of regulator for our project. As seen below the researched buck converters exceed all our current requirements and match our needed voltages. However, knowing the group will need to hand solder these components onto the PCB was the final requirement that led to the AP63203/5 being chosen. The TPS62142 was more efficient but because it comes in a QFN package it means that hand soldering it would be difficult. Therefore, the AP63203/5 coming in a TSOT26 package with overvoltage protection, and a TA recommendation was chosen by the group to fulfill these regulation requirements. 

	Features
	LM338 (Linear Regulator)
	TPS62142 (Buck)
	AP63203/5 (Buck)

	Voltage Input Range
	3-40V
	3-17V
	3.8-32V

	Voltage Output
	1.25-37V
	Adjustable 0.9-6V
	3.3V or 5V

	Continuous Current Output
	5A
	2A
	2A

	Efficiency
	30-40%
	Up to 96%
	Up to 90%

	Overvoltage Protection
	External circuit req.
	External circuit req.
	Internal feature

	Package
	TO-220
	QFN
	TSOT26

	LD1117 (Low Dropout)

	4.5-15V

	1.8V, 2.5V, 3.3V, 5V (fixed)

	800mA

	50-70%

	External circuit req.

	TO-220


Table 3: Buck Converter Comparison



1.5 Analysis of Component 5: GPS / GNSS Module

The GPS/GNSS module enables precise location tracking and navigation capabilities. Our design requires a module that offers high position accuracy, fast update rates, and low power consumption while maintaining compatibility with our STM32 microcontroller. We evaluated three candidate modules: the GT-U7 classic GPS, Arduino Pro 4G GNSS, and SAM-M8Q.

GT-U7 GPS Module - https://images-na.ssl-images-amazon.com/images/I/91tuvtrO2jL.pdf
Arduino Pro 4G GNSS Module Global - https://store-usa.arduino.cc/products/4g-module-global?srsltid=AfmBOopR8TmQtZIBVZ2ZHdJ6tj9gxdfUl5rFrfr0NQ3PKfsBUQIHIN01
SAM-M8Q - https://www.sparkfun.com/sparkfun-gps-breakout-chip-antenna-sam-m8q-qwiic.html

	Specification
	GT-U7
	Arduino Pro 4G
	SAM-M8Q

	Position Accuracy
	2.5m
	2.0m
	2.5m

	Power Consumption
	45ma
	67mA
	25mA

	Interface
	UART
	UART, I2C
	UART, I2C, SPI

	Operating Voltage
	3-3.6V
	3.3V
	2.7-3.6V

	Cost
	$15
	$70
	$40



The GT-U7 module offers basic GPS functionality with a position accuracy of 2.5m and update rates of 1-10 Hz. It operates on 3.3-5V with power consumption of 45mA and provides a simple UART interface. While its $15 price point is attractive, its limited interface options and higher power consumption made it less suitable for our needs. Although, out of all the classic GPS modules we looked at it appeared to be the most accurate. In fact, most that we researched were in the range of 5m-15m accuracy. This was simply to large of a range for us to make a confident decision to use a classic GPS module. The Arduino Pro 4G GNSS module provides slightly better position accuracy at 2.0m and supports both UART and I2C interfaces. However, its higher power consumption of 67mA and significant cost of $70 made it less appealing for our application.

Ultimately after evaluation and most importantly, valuable input from Dr. Walter, we selected the SAM-M8Q module for our Fairway Finder system. Dr. Walter connected us with a team from last semester who had successfully implemented this module in their project. This direct experience gave us confidence in the module's capabilities. Additionally, we were able to obtain the breakout board for the SAM-M8Q from the previous team, which not only saved costs but also provided us with proven hardware. The module provides 2.5m position accuracy and solid update rates of up to 25 Hz, which fits our needs. The SAM-M8Q operates on 2.7-3.6V and consumes only 25mA during active operation, significantly less than both alternatives, which helps extend our system's battery life. At $40, it represents a good balance between cost and performance. The module supports UART, I2C, and SPI interfaces, providing multiple integration options with our STM32 microcontroller. Additionally, its integrated chip antenna design reduces the overall footprint while maintaining excellent reception. These features make it a great choice for our Fairway Finder project.
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