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1.0 
Overview: 
This is the documentation and introduction for future users or those continuing on this project. This document will give a list of all components used, both hardware and software, as well as any other information deemed necessary to fully understand our project details. 
1.1 
The AI ROBOT is an indoor autonomous robot set to deliver items between various hallways and classrooms. It can be given different goal states based on the user's preference. More specific details will be given below. 
1.2 This project is sponsored by our professor, Dr. Park, who has overseen this project and was done under Parktech.com company. 
1.3 Team members: 
	-Jun Park: Developer, specialized in ros2 middleware
	-Linyun Liu: Developer, specialized in object detection and camera
	-Jacobus Burger: Developer, specialized in motors and soldering
	-Josh Boelema: Developer, specialized in construction of physical parts
1.4 Our robot (working prototype)
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2.0  
Hardware components: 

	No.
	Parts
	Description
	Link

	1
	Raspberry Pi
	4th generation 8GB
	amazon

	2
	Hoverboard Motor
	DC brushless motor (standard hoverboard motor)
	AliExpress

	3
	Motor Controller
	ioRand 300W 5-50V PWM DC Brushless Electric Motor Controller
	amazon

	4
	Lidar
	RPLIDAR A1M8
	amazon

	5
	IMU
	BNO055
	Amazon

	6
	DAC
	Teyleten Robot MCP4725 12-bit I2C
	Amazon

	7
	Stop button
	Baomain Red Sign Emergency Stop
	Amazon

	8
	12 V battery & 36 V battery
	NASTIMA 12V 8Ah Rechargeable Lithium Iron Phosphate Battery & Hoverboard Motor Battery
	Amazon

	9
	DC/DC converters
	12V to 5.2V 6A (PI) and 36v ~ 12v Step Up/Down
	12-5 Amazon
36-12 Amazon





2.2
Description of Hardware Components: 

	1. Raspberry PI4
	Our central component for controlling the programming of the various hardware parts. Uses Ubuntu 20.04, not raspbian OS. 
	[image: ]

	2. Hoverboard Motor
	The standard 6.5 inch hoverboard motor used in almost every model. Has 14 poles however, not the standard 15 or 30. 
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	3. Motor controller x2
	This is to allow us to control the speed, stop, and start, and separately control the motors in a programmable way. 
	[image: ]

	4. Lidar
	Primary use of the lidar is for object avoidance and mapping of the indoor environment. Furthermore, the lidar will be used for odometry data to give us a more accurate position of the robot. 

	[image: ]

	5. IMU
	reports acceleration, orientation, angular rates, and other gravitational force. Allows us to use that information to get the direction of our robot and other data used for odometry purposes. 
	[image: ]

	6. DAC x2
	generate variable voltage inputs directly from the Raspberry Pi's digital outputs, allowing for controlling motor drivers that rely on analog signals to adjust behavior. 
	[image: ]

	7. Stop button
	A simple emergency stop button that when pressed deactivates the motors and when it is turned back the motors are reactivated but will not run again until programmed to do so. 
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	8. 12 V battery
	Our main battery source to keep all of the components charged. This includes the RPI, the motors, the motor controllers. 
	[image: ]

	     8. 36 V battery
	The battery from the hoverboard that is used to give power to the motors. 
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	9. DC/DC converter
	Converts from 12V to 5.2V 6A and is used for the 12 v battery to the raspberry pi4.
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	    9. DC/DC converter
	Converts from 36v↔12v and is used for the battery to charge the 36 v battery that is used for the motors.
	[image: ]




 
2.3

	Additional Components
	Purpose

	Relays x2
	For the stop button

	Jumpers
	Connections for various components 

	Resistors
	For LED’s, transistors, ect.

	LEDs
	For letting us know when motors are on or off




3.0 System Architecture (Jacobus):

3.1 General Circuit Diagram of whole system:
[image: ]

3.2 Circuit Diagram of General Hardware Components:

3.3 Circuit Diagram of General Software Components:

[bookmark: _3aqd2pxal4ax]4. Software Documentation
· ROS2 Configuration: Detail the ROS2 setup, including installation steps, configuration files (e.g., launch files, parameter files), and package dependencies.
· Nav2 Configuration: Document the configuration of Nav2, including path planning, localization, and obstacle avoidance settings.
· Custom Nodes and Scripts: Explain any custom ROS2 nodes, scripts, or algorithms developed for the project. Include code snippets, explanations, and flowcharts if applicable.
· Integration: Describe how the different software components are integrated and how they interact with the hardware.
[bookmark: _9ibfzlmdpy7e]5. Navigation and Control
· Localization: Explain the methods used for localization (e.g., SLAM, AMCL) and how the robot determines its position within the building.
· Path Planning: Document the path planning algorithm, how paths are generated, and how the robot follows them.
· Obstacle Avoidance: Describe the strategies used for obstacle detection and avoidance using LIDAR, camera, and other sensors.
· Motor Control: Explain how the hoverboard motors are controlled, including the use of IMU data for stabilization.
[bookmark: _i1ak1da5j8r1]6. Testing and Calibration
· Testing Procedures: Detail the tests conducted to verify the functionality of different components (e.g., motor testing, sensor calibration, navigation testing).
· Calibration: Document the calibration procedures for sensors like LIDAR, IMU, and camera.
· Performance Metrics: Include any performance metrics, such as navigation accuracy, speed, battery life, etc.
[bookmark: _ica9ed5wpewz]7.0 Troubleshooting
7.1 Major Issues:

7.2 Error Logs: Include descriptions of error messages and how to resolve them.
[bookmark: _cyxn9cgdtvg6]8.0 Appendices:
8.1 Code Repository: GitHub Link
8.2 References: 
ROS2 humble: https://docs.ros.org/en/humble/index.html
Nav2: https://nav2.org/
Slam_Toolbox: https://wiki.ros.org/slam_toolbox
RPLidar ROS: https://index.ros.org/p/rplidar_ros/
Yolov8: https://index.ros.org/p/rplidar_ros/
8.3: Literature Review:
Automaticaddison, A. (2021, April 13). How to build an indoor map using ROS and LIDAR-based SLAM – automatic addison. https://automaticaddison.com/how-to-build-an-indoor-map-using-ros-and-lidar-based-slam/
Belkin, I., Abramenko, A., & Yudin, D. (2021). Real-Time LIDAR-based localization of mobile ground robot. Procedia Computer Science, 186, 440–448. https://doi.org/10.1016/j.procs.2021.04.164
Hello from Articulated Robotics | Articulated Robotics. (n.d.). https://articulatedrobotics.xyz/
Instructables. (2023, September 6). Robust robotic platform from old hoverboards and used metal. Instructables. https://www.instructables.com/Robust-Robotic-Platform-From-Old-Hoverboards-and-U/
Liu, H., Wu, C., & Wang, H. (2023). Real time object detection using LiDAR and camera fusion for autonomous driving. Scientific Reports, 13(1). https://doi.org/10.1038/s41598-023-35170-z
Malik, S. (2023, May 4). LiDAr SLAM: The Ultimate Guide to Simultaneous Localization and Mapping. Wevolver. https://www.wevolver.com/article/lidar-slam
Rivai, M., Hutabarat, D., & Nafis, Z. M. J. (2020). 2D mapping using omni-directional mobile robot equipped with LiDAR. TELKOMNIKA (Telecommunication Computing Electronics and Control), 18(3), 1467. https://doi.org/10.12928/telkomnika.v18i3.14872
RoboFoundry. (2022, September 11). Building a robot using Hoverboard — Part1 - RoboFoundry - Medium. Medium. https://robofoundry.medium.com/building-a-robot-using-hoverboard-part1-26e1b20b2b28
Staple, D. (2021). Learn Robotics Programming - Second edition: Build and Control AI-Enabled Autonomous Robots Using the Raspberry Pi and Python. Packt Publishing.
9.0 Concluding thoughts:
In the future we, or whoever takes over this project, hope that it will be turned into a Neufeld Science Center tour robot that will be able to navigate through the whole building. We hope it will have a microphone and screen that says and displays messages that help students see where they are in the building and provide facts and other useful resources. 
[bookmark: _ph8id92n32gq]9.1 Conclusion:
In the end, we were able to get our robot to autonomously move through the hallway and therefore be able to deliver items like tea, or books to other professors in the building. We had to change our original goal which was to deliver books from Dr. Parks office to the library but there was a lot of difficulty navigating outside due to rocky roads and difficulty mapping the outside. Furthermore, our robot is currently limited to one floor as our elevator button presser idea had to be postponed due to the project coming to the end and not having enough time. Also, there is further work needed to be done with the jump that initially occurs when the motors begin moving and the drifting problem that is occurring in RVIZ2 because of our odometry data is not yet perfect. 
9.2 Acknowledgments:
We would like to thank Dr. Park for initiating this project, providing the funding for all the materials, and for the various meals generously given to us. We would also like to thank Trinity Western University for allowing us to use their office in the Science Center. 
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