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1.0 Utilization of Third Party Software
	Software
	Source
	Description
	Usage
	Licensing

	STM32 HAL Library
	https://www.st.com/resource/en/user_manual/um1725-description-of-stm32f4-hal-and-lowlayer-drivers-stmicroelectronics.pdf
	Hardware Abstraction Layer (HAL) for STM32 microcontrollers
	Allows for easy-to-use drivers and linking software
	Open-Source, Free for non-commercial use

	u-blox GNSS Library
	https://www.u-blox.com/en/product/ubxlib
	Provides example communication and data parsing for the SAM-M8Q GPS module.
	Used as reference code for obtaining and processing the GNSS position data
	Open-Source, Free for non-commercial use

	Bluefruit LE Connect Library
	https://github.com/adafruit/Bluefruit_LE_Connect_v2

	Bluetooth communication examples and standards
	Used for debugging, validating, and transferring BLE signals to the HM-10 Module
	Open-Source, Free for all use

	Apple Developer Program
	https://developer.apple.com/programs/

	Apple’s app developer program
	Used to develop and publish apps on the app store and TestFlight
	$99 / yr



2.0 Description of Software Components
	Component
	Type
	Description
	Development Strategy

	Microcontroller Firmware
	Embedded
	Controls core operations, including motor control, GNSS processing, Bluetooth communication, and power management
	Fully developed by the team using STM32 HAL libraries

	Motor Control
	Embedded
	Uses PWM to control motor speed and direction, integrates PID control for smooth movement
	Developed using STM32 HAL Motor Controller abstractions

	GNSS Data Processing
	Embedded
	Parses NMEA sentences from the SAM-M8Q module to extract location data
	Partially ported from u-blox GNSS example code. Custom parsing and filtering developed in-house

	Bluetooth Communication
	Embedded
	Manages Bluetooth Low Energy (BLE) communication between the robot and the mobile app
	Uses BLE communication examples as reference but implements a custom protocol for data exchange

	Follow-Me Algorithm
	Joint Mobile and Embedded Algorithm
	Processes GNSS data to determine user position relative to the robot and activates motor control to follow that user
	Developed in house using mobile and robotic GNSS data

	Mobile App
	Mobile App
	Provides a user interface for monitoring robot status, sending commands, and viewing GNSS data
	Developed in-house using Expo, React Native, and Apple’s development tools

	Power Management System
	Embedded
	Monitors battery voltage and current consumption to optimize power usage
	Developed using HAL power monitoring





3.0 Testing Plan
	Component
	Testing Description
	Priority (1 – 5, 5 is high)

	Microcontroller Firmware
	Verify that the firmware initializes correctly, runs tasks as expected, and does not crash under load. Test UART communication, task scheduling, and interrupt handling.
	5

	Motor Control
	Test PWM signal accuracy, ensure proper PID control operation, and verify that the motor responds correctly to speed and direction commands. Ensure no excessive jitter or lag in motor responses.
	5

	GNSS Data Processing
	Validate NMEA sentence parsing accuracy, check for errors in coordinate extraction, and compare output to known test locations. Test GNSS signal reception and update rates.
	4

	Bluetooth Communication
	Ensure stable BLE connection, validate data packet integrity, and test transmission/reception latency. Confirm that commands from the mobile app are correctly interpreted by the microcontroller.
	4

	Follow-Me Algorithm
	Conduct real-world movement tests to verify that the robot correctly follows the user within a reasonable error margin. Simulate GPS drift conditions to assess response accuracy.
	4

	Mobile App
	Verify UX functionality, BLE connection stability, GNSS data display, and command transmission. Test responsiveness under different mobile OS versions.
	3

	Power Management System
	Measure battery consumption under different loads, verify voltage regulation, and check low-battery detection accuracy. Ensure power-saving features work correctly.
	2
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Appendix 1: Software Component Diagram
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Diagram 1: Software Component Flowchart
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