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1. Introduction
This project involved designing and programming a robot using the LEGO SPIKE system to complete a series of challenges. The main problem was to create a robot that could successfully follow a line, detect and avoid an obstacle, and then navigate through a maze. Each of these tasks required the robot to respond to its environment using sensors and programmed decision-making.
The overall objective of the project was to develop a functional and reliable robot by combining mechanical design with coding. This included using sensors such as colour and distance sensors to guide movement, as well as implementing logical control through programming. Another key aim was to improve problem-solving skills by testing and refining the robot’s performance throughout the project.

2. Research and background

Before starting the project, we researched how different sensors and programming techniques could be used to control a robot effectively. The LEGO SPIKE system includes a range of sensors such as colour, distance, and force (push) sensors, which allow the robot to interact with its environment and make decisions based on real-time input.
One of the key concepts we explored was sensor-based control. This involves the robot using data from its sensors to adjust its behaviour. For example, the colour sensor can detect different surface colours, which is commonly used in line-following algorithms. In this type of algorithm, the robot continuously checks the colour beneath it and adjusts its direction to stay on track. Similarly, the distance sensor can detect obstacles in front of the robot, allowing it to stop or change direction to avoid collisions. The push sensor can be used as a simple input device, for example to start or stop the robot.
Another important concept was the use of programming structures such as loops and conditional statements. Loops allow the robot to repeat actions continuously, which is essential for tasks like line following and maze navigation. Conditional statements (if/else) enable the robot to make decisions, such as turning when an obstacle is detected or correcting its path when it moves off the line.
Although I did not lead a specific section of the project, I contributed to all parts of the development, including building, programming, and testing. Other parts of the project included designing the physical structure of the robot, developing the code for each task, and testing the robot’s performance in different scenarios. This collaborative approach allowed the group to combine ideas and improve the overall solution.
3. Planning

At the start of the project, our group planned a solution that would allow the robot to complete three main tasks: line following, obstacle avoidance, and maze navigation. We decided to approach each task step by step rather than trying to program everything at once. This made it easier to test and fix problems as we progressed.
Our overall strategy was to first build a stable and simple robot design, and then gradually add more complex programming features. We began with the line-following task, as it required basic use of the colour sensor and simple control logic. After this, we moved on to obstacle avoidance using the distance sensor, and finally attempted the maze navigation, which combined multiple skills and required more precise control.
The work was shared across the group, with everyone contributing to building, coding, and testing. This allowed us to combine ideas and solve problems more effectively. We regularly tested the robot after each change to make sure it was improving.
Week 1 - Research and understanding sensors and basic programming
Week 2 - Building the robot
Week 3 - Starting line following code
Week 4 – Programming obstacle avoidance and improving movement
Week 5 – Maze Navigation Programming 
Week 6 – Final testing 
Our planning was based on the research we carried out earlier. For example, we applied the idea of using loops for continuous movement and conditional statements for decision-making. This helped us design a robot that could respond to its environment in real time.

We also planned to leave enough time for testing and improvements, as we understood that robotics projects often require multiple adjustments before working consistently. This was especially important for sensor calibration and turning accuracy during maze navigation.



4. Robot Design 
The design of our robot was an important part of the project, as both the hardware and software needed to work together effectively. We aimed to keep the design simple and stable so that the robot could move smoothly while completing all three tasks.
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4.1 For the hardware, we used a two-wheel drive system with a large wheel on each side and a supporting structure to keep the robot balanced. This allowed the robot to move smoothly and make controlled turns, which was important for both line following and navigating the maze. As shown in the figure, the robot was compact, which helped it move more easily through tight spaces in the maze.
4.2 The placement of the sensors was an important design decision. The colour sensor was positioned at the front and close to the ground so it could accurately detect the line. The distance sensor was mounted facing forward, allowing the robot to detect obstacles ahead and react in time. In addition, the push sensor was used as part of the obstacle avoidance system. When the robot encountered an obstacle, the push sensor was triggered, allowing the robot to stop and change direction. This provided an extra level of reliability in case the distance sensor did not detect the obstacle early enough.
4.3 In terms of software design, the robot was programmed using Word Blocks with a focus on clear and logical control. The program was structured so that the robot continuously checked its sensors and responded accordingly. This made it possible for the robot to adjust its movement in real time when following a line, avoiding obstacles, or navigating the maze.
Overall, the design prioritized simplicity and reliability. By keeping the structure compact and the code organized, it was easier to test the robot and make improvements when problems occur.
5. Implementation and coding
5.1 - Line Following and Obstacle avoidance
  The robot was programmed using Word Blocks, with a structured approach that divided the program into smaller sections. We created custom blocks such as “Follow the yellow brick road” and “Avoid the box of doom”, which made the code easier to organise and modify.
At the start of the program, the motors were set and the speed was reduced to 20% to improve control and accuracy. For the line-following task, the robot used the colour sensor inside a loop to continuously check the surface. Depending on the colour detected, the robot adjusted its direction slightly left or right to stay on the line.
Obstacle avoidance was triggered using the push sensor. When pressed, the robot executed a sequence of movements, including reversing, turning, and moving forward to go around the obstacle. This showed how pre-programmed movement steps could be used to solve a problem. The program relied on loops for continuous operation and conditional statements for decision-making. One challenge was ensuring accurate sensor readings, as the colour sensor was sometimes affected by lighting. This was improved through repeated testing and small adjustments to the code.
Overall, the use of custom blocks, loops, and conditions made the program more organised and allowed us to improve different parts of the robot step by step.
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[image: ]5.2 – Main flow 
The code controls the main flow of the program. It begins by setting the movement motors and reducing the robot’s speed to 20% to improve accuracy and control. The program then checks the colour sensor, and if the colour red is detected, it activates the “Follow the yellow brick road” block to begin line following. While the robot is moving, the program also checks if the push sensor has been pressed. If this happens, the robot activates the “Avoid the box of doom” block to avoid the obstacle. At the end of the program, the colour sensor checks for green, and when it is detected, the robot stops, displays a light, and plays a sound to indicate that the task has been completed.
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Maze Code 
For the maze navigation task, the program used a more advanced coding structure with custom blocks, variables, and sensor-based decision making. The robot continuously moved forward while checking the distance sensor to detect nearby walls or obstacles. When an obstacle was detected within a set distance, the “Target_Search” block was activated.
This block allowed the robot to scan both directions by rotating the motor and measuring distances on the left and right sides. The measured values were stored in variables such as Dist_Left and Dist_Right. The robot then compared these values to determine which direction had more space available. Based on the result, the robot used the “TurnByGyro” block to perform an accurate 90-degree turn using the gyro sensor.
The gyro sensor improved the precision of the robot’s turning movements, which was important for navigating the maze correctly. Using variables and custom blocks also made the program more organised and easier to adjust during testing.
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6.Testing and Evaluation

Throughout the project, the robot was tested regularly after each stage of development to identify problems and improve performance. Each task, including line following, obstacle avoidance, and maze navigation, was tested separately before combining them into one complete program.
The line-following system worked successfully in most tests, as the robot was able to detect and stay on the line using the colour sensor. The obstacle avoidance system also worked, with the robot responding when the push sensor was triggered. However, one of the main challenges was getting the robot to continue following the line correctly after avoiding the obstacle. In some tests, the robot lost its position on the line or struggled to realign itself afterwards. This required several adjustments to the movement timings and turning angles.
The maze navigation task was more successful overall. The robot was able to detect obstacles, choose a direction, and eventually reach the finish line. The use of the gyro sensor helped improve turning accuracy, which made the robot’s movements more reliable inside the maze.
If the project was developed further, improvements could include making the transition between obstacle avoidance and line following smoother, as well as improving the accuracy of the sensor readings. Additional testing and calibration would also help make the robot more consistent in different environments.
Overall, the project was successful and demonstrated how sensors, programming logic, and testing can be combined to create an effective robotic system.
The project also highlighted the importance of teamwork and communication, as different ideas and testing approaches helped improve the robot’s overall performance. A large part of the development process involved trial and error, especially when adjusting sensor values and movement accuracy. Through this project, we developed a better understanding of robotics, programming logic, and how sensors can be used to control autonomous movement. Although the robot was not perfect in every test, the result showed clear progress from the early stages of development and successfully completed the main objectives of the project.




Throughout the project, we learned that developing a robot requires patience, testing, and continuous improvement. Small changes in the code or sensor placement could have a large effect on the robot’s performance, especially during line following and maze navigation. Working with LEGO SPIKE also helped us better understand how hardware and software interact in a real robotic system. Another important lesson was the value of teamwork, as sharing ideas and testing different solutions helped us solve problems more effectively. Overall, the project improved our problem-solving, programming, and communication skills while giving us practical experience in robotics development.
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