Introduction 
[bookmark: _Int_kWawj7iF][bookmark: _Int_nbpqmcub]The aim of this project was to design, build, and program an autonomous robot using the LEGO spike prime system in order to complete a two-stage navigation challenge. The task required the robot to operate independently, using sensors and programmed logic to interact with its environment without human control. The challenge was divided into two main stages, line following with obstacle avoidance, and maze navigation.
Autonomous navigation is a fundamental concept in robotics and artificial intelligence, involving the ability of a system to perceive its surroundings, process information, and make decisions based on that data. This project provided an opportunity to apply theoretical knowledge from computing and engineering into a practical scenario, combining programming, hardware design, and problem-solving skills.
[bookmark: _Int_7Pw2DDWk][bookmark: _Int_TcFy3k1X]In the first stage of the challenge, the robot was required to follow a predefined path marked by a line on the floor. This included navigating an object placed along the route. The robot needed to successfully avoid the obstacle and then rejoin the line to continue its path. This required accurate sensor readings and responsive control logic to maintain stability and direction.
The second stage involved navigating a physical maze, which introduced a higher level of complexity. The robot was required to explore the maze using a distance sensor, identify possible paths, avoid dead ends, and ultimately locate the correct route to the endpoint. This stage focused more heavily on decision making and adaptability, as the robot had to interpret its surroundings and respond accordingly.
The overall objective of the project was to develop a reliable and efficient robotic system capable of completing both stages autonomously. This included integrating sensor input with logical programming structures, testing and refining the robot's behaviour, and evaluating its performance. The project was completed as part of a group, with each member contributing to the development process while focusing on specific aspects of the system.

Research and Background
Autonomous robotics focuses on creating systems that can operate independently by using sensors to understand and respond to their environment. In this project, the robot was required to complete tasks involving line following and maze navigation, both of which are common problems in beginner robotics and help develop an understanding of sensor-based control systems.
Line following is a widely used technique in robotics, where a robot uses a colour sensor to detect the difference between a line and the surrounding surface. The sensor measures reflected light intensity, allowing the robot to determine whether it is on or off the line. A basic method involves using a threshold value to guide movement if the sensor is reading changes, the robot adjusts its direction to stay on track [1]. While this method is simple to implement, it may result in less smooth movement compared to more advanced techniques.
More advanced approaches, such as proportional control, allow the robot to make smoother adjustments by continuously correcting its position based on how far it has moved away from the line [2]. However, due to the limitations of time and the use of word block programming, a simpler method was more suitable for this project. 
Distance sensors are commonly used for detecting obstacles and navigating environments. These sensors measure how far away objects are, allowing the robot to avoid collisions. In this project, the distance sensor was used not only for obstacle detection but also for exploring the maze and identifying possible paths.
Maze solving is a more complex problem, as the robot must decide which direction to move without prior knowledge of the layout. One common method is the wall following technique, such as the right-hand rule, where the robot follows one side of the maze until it reaches the exit [3]. Although this method is not always the fastest, it is reliable and easy to implement in simple maze environments.
In this project, the distance sensor was mounted on a motor which created a swivel, allowing it to scan multiple directions. This improved the robot's ability to detect open paths and make better decisions when navigating the maze. Overall, the research helped guide the design choices, ensuring that the robot used simple but effective methods to complete the task.
Planning 
Before beginning the implementation stage, the group discussed several possible approaches for completing both the line following and maze navigation tasks. The project was completed in a group of three students, with each member contributing ideas and support throughout development.
[bookmark: _Int_JvrHuyZV]The planning stage was important because the robot needed to complete two different tasks using the same hardware system. To make development more manageable, the project was split into smaller stages. The first priority was designing a reliable line following system using the colour sensor. Once this was functioning consistently, obstacle avoidance was added using the distance sensor. Finally, the maze navigation system was developed and integrated into the main program.
The group also discussed how the robot should physically be designed to support both challenges. Stability and sensor placement were considered important factors, particularly for the colour sensor, which needed to remain close to the floor to maintain accurate readings. The distance sensor was mounted on a swivel mechanism so that it could scan multiple directions when navigating the maze.
A simple timeline was created to help organise the project and ensure that enough time was available for testing and improvements.
	Week
	Planned Task

	Week 1
	Research into line following and maze solving techniques

	Week 2
	Robot construction and basic line following code

	Week 3
	Obstacle avoidance and maze navigation programming

	Week 4
	Testing, debugging, and improvements



The planning process helped the group stay organised and allowed development to progress in a structured way. Simpler algorithms were chosen because they were easier to implement using word blocks and were considered more reliable within the available timeframe. Testing and sensor calibration were also identified early as important parts of development process due to the possibility of inaccurate sensor readings and navigation errors.

Although the original timeline covered the main stages of development, additional time was required for debugging and improving the robot's consistency. During later testing sessions, several issues were discovered, including the robot crashing into walls, losing the line, and occasionally becoming stuck within the maze. As a result, extra development time was spent adjusting the sensor positioning, modifying movement timings, and refining the navigation logic. This extended testing process helped improve the robot's overall performance and reliability before the final demonstration.
Overall, the planning stage helped structure the project effectively and ensured that each stage of development could be completed in a manageable and organised way.
Robot Design
[image: ]The robot was designed using LEGO spike prime components and was built with a focus on stability, sensor accuracy, and manoeuvrability. Throughout development, several changes were made to improve balance, sensor positioning, and overall movement consistency. The final design used a simple two-wheel drive system powered by motors attached to each side of the robot, allowing it to turn by varying wheel speeds.
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The colour sensor was positioned at the front underside of the robot so it could remain close to the floor and accurately detect the line during the first stage of the challenge and during the end of the maze when the robot was needed to stop. This placement was important because inaccurate readings would cause the robot to move away from the line or fail to respond correctly to curved sections. Keeping the sensor low to the ground improved reliability and helped maintain more consistent line following performance.
The distance sensor was mounted above the colour sensor on a raised LEGO structure connected to an additional motor. This created a swivel mechanism that allowed the sensor to rotate and scan multiple directions while navigating the maze. Rather than using a fixed position sensor, the rotating design allowed the robot to collect more environmental data before deciding which direction to move. This was particularly useful during the maze stage because the robot needed identify open paths and avoid dead ends.
The raised sensor structure also introduced some balance issues during early testing. Due to the height and weight of the distance sensor assembly, the front of the robot became heavier, which occasionally affected movement and turning accuracy. To solve this problem, additional weight was added to the back section of the robot to improve balance and stability. This adjustment reduced instability during movement and helped prevent the robot from tilting forward during turns.
The overall chassis design was kept compact to improve movement within the maze and reduce the chance of collisions with walls. Cable management also became an important consideration during development, as loose wires occasionally interfered with wheel movement or sensor rotation. As a result, the cables were repositioned and secured more effectively in the final version of the robot.
Several design improvements were made throughout development because of testing. Sensor positions were adjusted multiple time to improve reading accuracy, and movement speeds were adjusted to reduce collisions. These enhancements helped improve the overall reliability of the robot and allowed it to perform more consistently during both stages of the challenge.
Implementation and Coding
The robot was programmed using the LEGO spike prime word blocks. The code was split into two sections to match the two stages of the challenge. The first section controlled the line following and obstacle avoidance, while the second section controlled the maze navigation.
[image: ] 
Stage 1 – Line following
The robot used the colour sensor underneath the front of the robot to detect the red line on the course. A repeat loop was used so the robot could continuously check the sensor reading while moving. If the sensor detected the red line, the robot continued to move across the course adjusting slightly to stay on track. If the sensor moved away from the line, the robot corrected its direction by turning left or right.
The distance sensor was also used during this stage to detect the obstacle. When the obstacle was detected within a certain distance, the robot performed a series of turns and forward movements to move around the object before continuing along the red line.
When the robot then approached the maze and detected the green marker at the start, it displayed a face on the hub and switched over to the maze navigation section of the program.
Stage 2 – Maze Navigation
The maze navigation section of the program used the rotating distance sensor to scan both sides to scan both left and right sides of the maze and decide which direction the robot should move. The distance sensor was attached to a motorised swivel mechanism, allowing it to rotate left and right to collect distance readings from different directions. This allowed the robot to gather more information about its surroundings instead of only detecting objects directly in front of it. 
The robot compared the distance values collected from each side and then turned towards the direction with the most available space. To improve the accuracy of the turns, a gyro-based turning block was implemented within the program. This helped the robot perform more controlled and consistent turns, which reduced navigation errors during testing and improved overall movement within the maze.
The maze logic continuously repeated this process while the robot moved through the course. During navigation, the colour sensor was also checking for the final red marker placed at the end of the maze. Once the red marker was detected, the robot stopped moving, displaying another face on the hub, and played a sound effect to indicate that the maze had been completed successfully. 
Testing and Evaluation
Testing was carried out throughout the project to improve the robot's reliability and overall performance. Each stage of the system was tested separately before combining the full program together. Early testing focused mainly on the line following system and obstacle avoidance, while later testing concentrated on the maze navigation stage and the rotating distance sensor. The process helped identify a couple problems within both the robot design and the program logic.
During testing, the robot occasionally crashed into walls, became stuck inside the maze, or lost the line after avoiding the obstacle. These issues were mainly caused by inaccurate distance readings and inconsistent turning angles. To improve performance, adjustments were made to movement speed, turning values, wait times, and sensor positioning. These changes improved the robot's navigation accuracy and made its movements more consistent during repeated test runs.
Overall, the robot successfully demonstrated autonomous navigation using both colour and distance sensors. Although some navigation errors still occurred, the project showed clear improvement throughout development and highlighted the importance of testing, debugging, and continuous refinement within robotics projects.   
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