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Introduction:
Robotics is a combination of engineering computer science and design. Students learn to build working robots that can autonomously or remotely perform a variety of tasks. As we explore and learn programming for robotics, we develop innovative solutions to everyday problems. Robotics is a rapidly evolving field, and through hands on project based learning and hands-on experimentation, students will develop critical thinking, problem solving, and engineering design skills. The projects listed on this site are a fun and interactive way to teach students introductory concepts in robotics and connect programming and engineering design to relate disciplines such as physics, math, computer science and engineering. These projects are also a bridge to other multidisciplinary programs offered through the MTC. This report is a collection of projects that combine knowledge from various disciplines to solve real life problems. This report looks into the tools, techniques and methodologies used in robotics projects specifically using LEGO Spike Prime platform. This platform is educational in nature and is designed to introduce programming and robotics concepts to student. Using a single Spike Prime kit, the report details the use of the hardware, software and general construction techniques involved in robotics. The report then applied this knowledge to building a basic robotics maze solver that completes the first three tasks include following a taped line around a maze, rotating around objects in the way, and solving a 3D maze to reach the end of it. These notes describe how to use a robot to solve line, Bounce and maze using three basic techniques. These notes from the basis of the project. The design section then explains what is required to build the project including the hardware and software logic using simple word blocks. The evaluation and results section record the numbers, problems encountered and what went well or could have been improved. Finally, we record our experience of what we achieved and the scope for further development.



Purpose:

The primary goals of this project are as follows:
· To design and construct a robot to complete the tasks.
· To develop a dependable line-following system.
· To develop obstacle detection and avoidance.
· To create an effective maze- solving strategy.



Background Research:
A robot is any device that (physical, electronic, mechanical, etc.) which is autonomous, it can perceive its environment, process data and make decisions, and take actions within that environment. 
In the world of robotic vacuum cleaners such as the Roomba (from iRobot), we find sensors (sonar, infrared) that guide the device autonomously across a room, around furniture and away from stairs. The robot carries out computations to determine whether it has overed the entire floor and to determine whether a particular area will require a more thorough cleaning. As robotics expert Rodney brooks, co-founder of iRobot and chief technical officer, says ‘The robot dose computations to determine the path it needs to take and as it moves about the room, it performs the actions necessary to complete its task sucking dirt from the floor’ [1]

Sensors for AGVs and AMRs come in many flavours! For mapping and obstacle detection, AGVs and AMRs commonly use Lidars and laser scanners. In addition to these cameras and proximity sensors are often used for a variety of functions, including obstacle detection, traffic management and improved navigation. Load sensors are also very common and are used to weigh a payload as well as to verify that a load is properly secured prior to moving it. There are many choices available and the correct selection of sensors depends on a variety of factors and applications. When robots are to be deployed in a warehouse for model of the environment and to detect static and moving obstacles such as shelves, carts. Using lidars scanners, Cameras are used for recognition of objects (e.g. packaging units) and for accurately determining the position of a goods. Proximity sensors help a robot to avoid objects in its path. Load sensors, on the other hand, are the unsung heroes of robot interaction. They measure the force applied to a robot’s grippers or end placing this information enables a robot to safely and efficiently pick, move and place objects within a warehouse or distribution center. AGVs and AMRs in logistics application interact with their environment intelligently and autonomously, monitoring a distribution load for weight, measuring weight and picking for packaging, controlling drive speed, and navigating around other robots and objects. [2]

A programming language is a set of instructions, or syntax, that can be told to a computer to have it perform certain actions. Python, JavaScript, and Java are all commonly used programming languages for developing websites and applications. C++ is commonly used for game development. There are hundreds of programming languages in use today. Many robotic applications are written using python, C, C++ or Java, MATLAB and Robot Operating System (ROS) are also used by robotics engineers. [3]


Project Plane:
This is a ten-week plane laid out with corresponding timeframes for each phase. Each phase is spread out over several weeks, with many attempts, tests, and integrations within each phase, as well as reviews of what went well and didn’t. They are as follows [ Introduction, Background Research, Design phase, Planning, Line tracking, Maze Navigation, Integration, Review and Evaluation, Presentation and Finalization).



Design phase:
The project has been split up into two main sections of work. The first section is the hardware design section. This section details the hardware used in the construction of the robot. The second section is the software design. In this section details are given of how the program was constructed to control the robot.




Robot Development:
First, we had to make a robot for the project video. The base of the robot is stable and moves smoothly. It also has all the necessary sensors to make the robot run properly. We chose to make a drive base type robot because it is small and could fit into very small path, often winding and filled with objects. The robot also has colour sensor, ultrasonic distance sensor and a gyro for the 3D maze challenge. In addition, we have taken advantage of these pieces to build the robot (Technic frame 11x15, Medium Motor, Large Motor, Ball cup, Ball, Large Hub, Wheel ø56, Bionicle eye, Technic 15m beam, Wire clip w/ cross hole azur, Wire clip w/ cross hole, blue, Wire clip w/ cross hole, green, Wire clip w/ cross hole, yellow, Technic 7m beam, Technic 3m beam, Beam I-frame 3x5, Double cross block, Angle element, 0 degrees (1), Cross axle 8m, Connector peg w/friction, Brick 2x4 w/ cross hole, yellow, Brick 2x4 w/ cross hole, green, Angle element, 180 degrees (2),Connector peg w/friction 3m, Micro USB cable, Distance Sensor, Colour Sensor). [4]




Design a drive base for the robot project 
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Code Development:
There are two types of coding (computer programming) that can be used to build and control a LEGO robot. One type of coding is called block-based coding, this type of coding uses per-written blocks of code that you can drag and drop into a program to create commands for your LEGO robot. The other type of coding for LEGO robots is text-based coding, this type of coding is written in languages such as Python and are typically used by more advanced programmers. At the code we use the block-based coding method. Programs we create with this method usually follow a straight line and attempt to navigate a maze. 





Implementation and Coding:
Following Line:
This little robot follows a black line through a maze navigation, as well as avoids objects in the path. The program was written using Word Blocks, which is even easier to understand than scratch. It uses the colour sensor (E) to read the black line in the floor, following it repeatedly. It uses an ultrasonic distance, and makes precise movements based on a per-programmed routine. The robot goes straight at 30% speed following the black tape with the colour (E) sensor. As soon as the distance (D) sensor pick up an object within a 5cm range, the robot stops, turns 240 degrees, then does a series of right and left turns mixed with straight travel to go around the object and then follow the black tape again. When it hits the blue (the finish zone) with the colour sensor, it stops, says ‘Dun Dun Dunn’ and speaks “Completed course “. This is our following line block code in below that we used:
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Maze Navigation:
The robot is programmed to autonomously navigate through a maze-like environment by driving forward, continuously monitoring for walls and obstacles using its distance sensor, making regular steering corrections to stay on course, and safely avoiding collisions. At the very beginning, when the program receives the wireless message “message1”, it initializes the robot by configuring motors (A and B) as the primary movement motors and setting the overall driving speed to a steady 30%. This controlled speed helps ensure stable movement and gives the sensors enough time to react effectively during navigation. Once started, the robot enters its main navigation loop and keeps moving while constantly checking its sensors. It uses Colour sensor (E) as the primary sensors to detect the red colour finish line that marks the end of the maze. A distance sensor (D) serves as the main obstacle detection sensor, triggering different avoidance behaviours depending on how close objects are. Motor (C) is used for auxiliary actions, such as rotating a sensor turret or an arm. A sensor colour sensor (E) provides final confirmation at the exit. The navigation strategy is simple but effective for beginner and intermediate maze challenge. The robot applies small, continuous steering corrections when the path is clear, performs a stronger right swerve when an obstacle is detected within 20cm and takes emergency action (stopping and turning Motor(C)) if something is extremely close within 5cm. when the robot finally reaches the red finish line, it stops, plays a (Campfire Music)  sound, and displays a fun message on the hub screen (A-MAZING) to celebrate successful maze completion. This is our Maze Navigation block code in below that we used:
[image: ]
Testing and Evaluation:
After many iterations of building and testing a physical robot, we were finally satisfied. The process was very time consuming and quite physical, first we made a detailed hardware specification for the robot, and then we connected all the electronics (including sensor cables). Our chosen strategy worked well for our robot. It allowed us to turn in any direction, which was useful in all the maze, as well as to move through small, very narrow, very- complex and mazes with many obstacles. It worked well in the physical maze run. Our main project for the night involved trying to find the optimal control code, this being able to successfully follow a line and pick up objects of specified colour. In our line following trials, the robot was often unable to continue following the line after it had made a turn. In our colour detection trials, the robot was unable to pick up the relevant colours as they were too similar to the colour of the floor. Although decreasing the robots speed to 25% improved the line following it is still far from where we would like it to be. Block-based code worked well for our maze navigation project. When working with block-based code in larger projects, you really need a very methodical, precise approach to debugging. However, by breaking up the code into manageable chunks corresponding to different actions (i.e. individual modules), the amount of time it took to debug was reduced significantly. Testing occurred more frequently.



Reflections: 
We learned a lot about robotics, programming and working with hardware for this project. Using the LEGO Spike Prime Kit improved our problem-solving skills, as well as our understanding of hardware software integration while we attempted to overcome all the obstacles that we encountered. Assembly of the entire hardware was a very time consuming and did not always produce the most consistent results. So far, my involvement in this project has been very positive. It has allowed me to work in an effective team manner, following a structured process and meeting a tight deadline. The resulting system has been successfully integrated with the hardware and is functioning well. It would also be beneficial to investigate some new robotics tools and techniques to improve how we can assemble and program. Documenting what we learned would also be very beneficial for the future.






Conclusion:
Realizing a hands-on robotics project from a theoretical standpoint was cool. We completed all aspects of the robot and gained knowledge on planning, collaboration, and problem-solving. We reached high accuracy on us in line tracking and completed a full run of the maze. We ran into some issues with our inconsistent maze navigation, but we really learned the importance of perseverance and teamwork in overcoming those kinds of obstacle, this code be further optimized for future reference by implementing more advanced techniques and test cases. I would like to thank (Divya Chidambaram) for this model and her lectures which were very informative and helped me learn a lot.
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