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[bookmark: _Toc229061154]Introduction:
This project required the design, construction, and programming of a LEGO Spike Prime robot capable of completing two autonomous navigation challenges. The first challenge involved following a taped line on the floor while detecting and avoiding a wooden block placed directly on the route. The robot needed to identify the obstacle using its sensors, navigate safely around it, and then return to the line to continue its path. The second challenge required the robot to enter a simple maze, explore the available routes, recognise and avoid dead ends, and progress until reaching a red line. Upon reaching the final point, the robot was required to stop and play a sound to indicate successful completion.
The main purpose of the project was to develop a robot that could move, sense its surroundings, and make decisions without human intervention. Achieving this required selecting suitable sensors and developing control logic that enabled the robot to respond appropriately to each stage of the challenge. The work was completed in a small group of three students, with each member taking responsibility for a specific section of the project. My role focused on obstacle avoidance, which involved developing the method the robot used to detect the block and manoeuvre around it safely.
This report presents the research, planning, design, coding, and testing undertaken during the development of the robot and describes how each stage contributed to the final solution.
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[bookmark: _Toc229061155]Research and Background:
Research was first undertaken to understand the capabilities of the LEGO Spike Prime system and the tools available for autonomous navigation. Initial robotics material, including educational resources such as Getting Started with LEGO MINDSTORMS, provided basic knowledge on robot construction, sensor behaviour, and the importance of iterative testing. This background helped establish how simple autonomous robots interpret their environment and make decisions based on sensor input. [1]
The project relied primarily on two sensors: the colour sensor and the distance sensor. The colour sensor was selected for line following because it can detect differences in reflected light between dark and light surfaces, enabling the robot to identify the boundary of the taped line. This principle is commonly used in educational robotics, where line-following behaviour is achieved by continuously adjusting motor output based on sensor readings. The distance sensor was used for obstacle detection, as it measures proximity using ultrasonic signals and allows the robot to recognise objects positioned ahead.
Several fundamental robotics techniques were reviewed to support the development of the solution. For line following, simple threshold‑based control was studied, where the robot adjusts its steering depending on whether the colour sensor detects the line or the surrounding floor. For obstacle avoidance, reactive methods were examined, including stopping when an object is detected, turning away, navigating around the obstacle, and returning to the original path. For maze navigation, simple algorithms such as wall‑checking and dead‑end detection were explored, allowing the robot to progress through the maze until the exit point was reached.
The section led in this project focused specifically on obstacle avoidance. Research examined how the distance sensor determines object proximity and how threshold values can be used to trigger avoidance behaviour. Practical experiment was carried out to identify suitable detection distances and turning angles, with the aim of developing a simple and accurate method for navigating around the wooden block and rejoining the line. This stage was important as successful obstacle avoidance was required before the robot could enter the maze.
Other components of the project were built by the remaining group members. One member focused on the line‑following system, ensuring that the robot remained accurately aligned with the taped route. Another member worked on maze navigation, designing the logic that enabled the robot to avoid dead ends and progress towards the red block. Collaborative teamwork played a central role in developing the robot’s physical design, with careful attention given to structural stability and precise sensor positioning. The successful completion of the full navigation challenge depended on the effective incorporation of all three components.
[bookmark: _Toc229061156]Planning:
Effective planning was critical to execute both navigation challenges and ensure that the robot function reliably. The planning process involved defining the project objectives, allocating responsibilities within the group, establishing a development timeline, and identifying potential risks that could impact performance. This structured approach supported the systematic progress and ensured that each stage of the development aligned with the research undertaken.
[bookmark: _Toc229061157]Project strategy, role allocation and communication
At the beginning of the project, the group discussed how the robot should complete each task and agreed that frequent communication would be necessary for successful collaboration. To support this, I created a WhatsApp group to enable efficient communication. This platform allowed members to share ideas, ask questions, exchange photographs of the robot, and provide regular updates. The use of this WhatsApp channel helped maintain organisation and enabled problem‑solving when issues occurred.
During the planning discussions, the group identified the sensors required for each stage and outlined how the robot should behave in response to different environmental conditions. Responsibilities were divided so that each member focused on one functional component: one student worked on line following, another on maze navigation, and I took responsibility for obstacle avoidance. Although each member had an individual focus, collaborative support was provided whenever difficulties occurred, ensuring that all components developed consistently.
[bookmark: _Toc229061158]Development timeline
A structured timeline led the project from initial research to final testing. The early stages involved reviewing relevant literature on sensors, algorithms, and robot behaviour. This was followed by the construction of the robot chassis and the placement of sensors. Subsequent weeks were dedicated to programming and testing each component individually. Once the line‑following, obstacle‑avoidance, and maze‑navigation systems were functioning independently, integration testing was carried out to ensure smooth transitions between stages. The final phase involved refining performance, adjusting sensor thresholds, and preparing for the demonstration.
[bookmark: _Toc229061159]Risk identification and mitigation
Several risks were identified during planning. Variations in lighting conditions could affect the colour sensor’s accuracy, while uneven floor surfaces could influence wheel traction. The maze layout was also subject to change, requiring the robot to be adaptable rather than dependent on a fixed route. To address these risks, mitigation measures were implemented, including sensor recalibration, speed adjustments, and repeated testing under different environmental conditions
[bookmark: _Toc229061160]Alignment with research
The planning process was directly informed by the research conducted into robotics techniques and sensor behaviour. For example, the student responsible for line following planned to test different reflectivity values based on research into colour‑sensor thresholds. For obstacle avoidance, I planned to test multiple detection distances and turning angles, reflecting the principles studied in obstacle‑avoidance methods. The maze‑navigation component included planning tests to observe how the robot responded to walls and dead ends, consistent with introductory maze‑solving algorithms.
The WhatsApp group played a key role in supporting this research‑informed planning. I used it to coordinate updates, share findings from testing, and help resolve issues collaboratively.


[bookmark: _Toc229061161]Robot Design:
The design of the robot focused on constructing a stable physical structure capable of completing both navigation challenges. The process involved selecting appropriate LEGO Spike Prime components, positioning sensors accurately, and ensuring that the robot’s build supported steady movement and accurate detection. 
The robot was constructed using LEGO Spike Prime components, with the Large Hub acting as the central controller. A rigid 11×15 Technic frame was selected as the base structure because it provides stability and secure mounting points for motors and sensors. A differential‑drive system was created using two medium motors attached to the wheels, while a large motor was positioned centrally to support additional movement requirements. To prevent the robot from tipping backwards, a stabilising assembly made from green and yellow bricks was added to the rear of the chassis. 
For environmental sensing, a distance sensor was mounted at the front using Technic beams and Bionicle eye pieces to ensure accurate alignment with the robot’s forward direction. A colour sensor was positioned underneath the chassis to detect floor colours for line following.
I contributed directly to this stage by adjusting the distance sensor’s height and alignment to improve detection accuracy. Cable clips were used to keep wiring organised and away from the wheels, and additional technic components including 15 metre beams, 3 metre and 7 metre beams, a 3×5 I‑frame, a ball cup and ball, and a magenta 1×3×3 biscuit piece were incorporated to reinforce the structure and maintain rigidity.
[bookmark: _Toc229061162]Design justification 
The rigid technic frame ensured that the robot maintained structural integrity during movement, while the differential drive system provided precise control for turning and manoeuvring. The low placement of the colour sensor improved reflectivity detection, which is essential for accurate line following behaviour. The forward facing distance sensor supported both obstacle avoidance and maze‑navigation tasks, reducing the need for additional hardware. My contribution focused on refining the obstacle‑avoidance setup by testing different sensor positions, turning angles, and detection distances to determine the most effective configuration. These adjustments improved the robot’s ability to detect the obstacle early and navigate around it without drifting off course.Figure 4‑1: Top view of the LEGO Spike Prime Robot
Figure 4‑2: Front view of the LEGO Spike Prime Robot





Figure 4‑3: Angled top-down view of the LEGO Spike Prime Robot
Figure 4‑4: Side view of the LEGO Spike Prime Robot

[bookmark: _Toc229061163]Implementation and Coding:
The implementation stage involved translating the planned behaviours into functional code using the LEGO Spike Prime programming environment. The robot was programmed using Word Blocks, which provided a simple and visual way to control the motors and sensors. After connecting the Large Hub to the two medium motors, the large motor, the distance sensor, and the colour sensor, each component was tested individually to confirm correct operation. 
My coding work focused on enabling the robot to move and react to its environment: I used movement blocks to drive the wheels through ports A+B, set the speed percentage, and start straight‑line motion, before adding sensor blocks that allowed the robot to monitor distance and colour values. A continuous loop was used so the robot repeatedly checked sensor readings, while simple if‑statements controlled its responses, for example, stopping or turning when an object was detected within a set threshold. 
During testing, the distance‑based reactions worked reliably, but the colour sensor performed differently depending on the surface, functioning well on white flooring but struggling on darker backgrounds. Through iterative adjustments to thresholds and conditions, the robot was able to detect obstacles effectively and respond according to the programmed logic.
The below figure shows the Word Blocks program used to control the robot’s movement and sensor‑based reactions. The code includes blocks for setting the movement motors, adjusting speed, and starting forward motion, followed by a loop that continuously checks the distance sensor and colour sensor. Conditional statements instruct the robot to stop, turn, or continue moving based on sensor readings, forming the core logic for obstacle avoidance and colour detection.
[image: A screenshot of a computer
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Figure 5‑1: Coding Strategy using Word Block for robot movement and sensor control


[bookmark: _Toc229061164]Testing and Evaluation:
The robot was tested systematically, beginning with individual component checks before evaluating the full program. The motors were tested first by driving the robot forward, backward, and through turns to confirm correct wheel alignment and appropriate speed settings. 
The distance sensor was then evaluated by placing objects at different distances; the robot successfully stopped when an object was close, demonstrating that the threshold values were functioning as intended. 
The colour sensor was tested on a range of surfaces, performing reliably on white flooring but producing weaker readings on darker surfaces, which affected line‑detection accuracy. After confirming that each component worked independently, the full program was tested to observe how the robot responded when the loop and if‑statements controlled its behaviour. 
Overall, the robot reacted correctly in most trials, detecting obstacles and adjusting its movement as programmed, although occasional colour‑sensor inconsistencies on dark surfaces caused the robot to lose the line during some tests.


[bookmark: _Toc229061165]Conclusion
Overall, the robot performed well and was able to complete the tasks it was designed for, demonstrating reliable movement and consistent obstacle detection through the distance sensor.
The motors responded accurately to the programmed instructions, allowing the robot to navigate and react as intended. The main challenge identified during testing was the performance of the colour sensor, which worked well on lighter surfaces but struggled to detect colours on darker flooring, occasionally affecting line following accuracy.
Future improvements could include repositioning the sensor, adjusting its calibration, or using a more sensitive alternative to enhance performance across different environments. Completing this project strengthened my understanding of robot construction, sensor behaviour, and basic programming logic, and resources such as Getting Started with LEGO MINDSTORMS [1] supported my learning throughout the development process.
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