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1.0 Software Overview

The software system for the autonomous golf bag follower integrates five primary subsystems: User Tracking System, Obstacle Detection and Avoidance, Vision Processing, Motion Control, and Mobile App Interface. 
1.1 User Tracking System
The User Tracking System processes input from dual ultrasonic receivers to determine the user's relative position. Operating at a ~40Hz sampling rate, the system implements a signal strength comparison algorithm to calculate directional information. Signal processing includes a moving average filter to reduce noise, while a Kalman filter smooths position estimates for reliable tracking. The system maintains minimum and maximum following distance thresholds and provides position updates to the motion control system at ~20Hz. 
1.2 Obstacle Detection and Avoidance
The Obstacle Detection and Avoidance system combines vision processing with path planning. The vision component processes camera feed at 30 FPS using OpenCV for real-time object detection and classification, with emphasis on differentiating between users and obstacles. The system maintains a dynamic obstacle position map relative to the robot's location. The pathfinding component implements a pathfinding algorithm that continuously updates its navigation grid based on detected obstacles. Path recalculation occurs whenever new obstacles are detected, ensuring optimal routing while considering current robot position, user location, and obstacle positions.
1.3 Motion Control System
The Motion Control System manages the robot's physical movement through two primary components. The motor control subsystem generates PWM signals for precise speed control, implementing PID control loops for smooth acceleration and deceleration. It handles differential steering for turning while monitoring motor feedback for error detection. The navigation control component fuses data from user tracking and obstacle avoidance systems to calculate optimal velocity and steering angles. This subsystem also manages smooth transitions between autonomous and manual control modes, ensuring efficient operation regardless of the control method in use.
1.4 Mobile App Interface
The Mobile App Interface provides user interaction through a BLE connection. The communication system manages connection states, handles packet transmission for control commands, status updates, and error messages. The control interface processes user input for manual control mode and manages mode switching between autonomous and manual operation. Real-time status updates include battery level, following status, error conditions, and current operation mode, ensuring users maintain awareness of the system's state at all times.

2.0 Description of Algorithms
2.1 Ultrasonic Signal-Based Tracking
The design of the robot relies on a combination of global and local localization methods to accurately follow its user. Given the inherent inaccuracies of GPS-based tracking, the primary implementation focuses on ultrasonic beacon tracking, enhanced by differential signal processing.
The robot utilizes ultrasonic receivers to detect and track a user carrying a beacon. The amplitude of the received signal provides an estimate of distance. Simultaneously, a differential signal processing method is employed using two ultrasonic sensors placed on the front of the robot at a fixed distance and angle apart. The difference in signal amplitude between the two sensors determines the direction of the user’s movement. If the right sensor detects a stronger signal, the robot turns right; if the left sensor detects a stronger signal, the robot turns left. When both sensors detect approximately equal signals, the robot moves forward.
2.2 Object Avoidance Using Camera Output
The robot employs a camera-based object avoidance system to navigate around obstacles in its environment. The camera processes visual input and distinguishes between humans and non-human objects. Any detected object that is not classified as a person is marked as an obstacle that must be avoided. A convolutional neural network (CNN) is used to classify objects in real time. If an obstacle is detected in the robot's path, it calculates an alternative trajectory to move around it, using a pathfinding algorithm, while ensuring it remains on course to follow the user. This method enhances navigation safety and ensures seamless movement in dynamic environments.
2.3 Error Compensation Techniques
To mitigate potential inaccuracies, our team is implementing a few error compensation techniques. A moving average filter smooths out noise in ultrasonic signal readings, and outliers are discarded to prevent erratic robot behavior. We’ve also considered using a Kalman filter to merge multiple sensor inputs for better localization, refining the estimated position by predicting the next probable location based on past data.

3.0 Description of Data Structures
3.1 User Tracking Data Structures
The user tracking system processes two main types of data. The first data structure contains ultrasonic signal information including signal strengths from both receivers (ranging 0-4095), timestamps for each reading, the calculated difference between receiver signals, and the estimated distance to the user. The second maintains position tracking information, storing the user's relative x and y coordinates, a confidence value (0.0-1.0) indicating tracking reliability, and timestamp data for monitoring update frequency. Together, these structures enable real-time user position tracking for the navigation system.
3.2 Vision Processing Data Structures
Vision processing uses two structures for object detection and tracking. The first stores object detection data, including object classification (person, obstacle, user, or unknown), the object's position and size in the camera frame, detection confidence values, and estimated distance from the robot. This information feeds into a second structure that organizes all detected objects within each camera frame, including frame identification numbers and timestamps for synchronization with other systems.
3.3 Communication Packets
The communication system uses standardized packet structures for reliable data transfer. The BLE protocol packet includes a header identifier (0xAA), command type, data length indicator, variable payload space (maximum 32 bytes), and error checking values. For motor control, the data structure contains left and right motor speed values (ranging from -1000 to 1000) and additional control flags for special operations.
3.4 Navigation Data Structures
The navigation system uses three main data structures. The first stores individual grid cell information, including occupation status, and pathfinding cost values. The second structure organizes these cells into a complete navigation grid with physical dimensioning and coordinate system information. The third structure supports pathfinding operations by storing coordinate positions, calculated path costs, and connections between navigation points.
3.5 System State Data
A comprehensive state tracking structure maintains the robot's operational status, including current mode (autonomous follow, manual control, idle, or error), battery information (voltage and percentage), obstacle and user detection status, and any active error codes.
3.6 Communication Protocols
The system implements multiple communication protocols with standardized error detection. SPI communication follows the four-wire standard (MOSI, MISO, SCK, CS) for sensor interfaces. I2C communication uses 7-bit addressing with standard START and STOP conditions. The BLE protocol implements asynchronous UART communication with structured packets containing header identification, command type, and variable-length payload for control commands, status updates, manual control inputs, and error reporting.
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Appendix 1: Program Flowcharts

Main Program Flow Overview:
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Autonomous Vehicle Control and Path Planning (Auto Mode General Logic)
Overall Flow (Receivers determine direction of user, camera determines obstacles):
[image: ]
Obstacle Avoidance, Object Detected Flow:
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Ultrasonic Directional Logic:
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Bluetooth Control Interrupt (Manual Mode Commands)
(Triggered when a Bluetooth command packet is received from the user's phone)
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Ultrasonic Sensor & Camera Interrupt (Obstacle Detection)
(Triggered when new sensor data arrives or when the system must process a potential obstacle)
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Appendix 2: State Machine Diagrams
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The FairwayFinder robot’s state machine is made up of the following states: System Off, Initialization, Mode Selection, Auto Navigation, Manual Control, Obstacle Avoidance, Process Control Packets, and Handle Error State.
System Off: This state represents the robot being powered down, with no active processes running. Transition to the Initialization state occurs when the system is powered on.
Initialization: Upon powering on, the robot enters the Initialization state, where it prepares the necessary components (Ultrasonic, Bluetooth, etc) and systems for operation. Once initialized, it transitions to Mode Selection.
Mode Selection: In this state, the robot determines whether to operate in Auto Navigation or Manual Control based on user input or pre-set conditions. A mode switch can occur at any time, allowing dynamic transitions between modes.
Auto Navigation: When in Auto Navigation, the robot autonomously follows a path using beacon signals. If a beacon is lost, it transitions to Handle Error State. Obstacle detection triggers a transition to Obstacle Avoidance.
Manual Control: This state allows for direct user control of the robot. It can be entered from Mode Selection and exited via a stop command or mode switch.
Obstacle Avoidance: Triggered from Auto Navigation when an obstacle is detected, this state manages the robot's response to avoid collisions. Once the obstacle is avoided, it returns to Auto Navigation.
Process Control Packets: This state handles manual control signals, ensuring the robot responds correctly to external commands.
Handle Error State: This state manages error conditions, such as lost beacons or connection issues. It ensures safe handling and recovery, potentially resetting the system to Initialization.
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