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[bookmark: _xej8a2fyjz1]Introduction   

The primary problem to solve on this project was designing the robot to be able to solve a maze procedurally. Secondly, the robot had to be able to navigate to the maze entrance by following a line, and navigating around an obstacle. For the project to succeed, the robot must track and follow the line accurately, and meet an obstacle in its path of a predetermined size and shape. The robot must then be able to navigate around the object, and then return to the line, following it to the maze entrance. Once there, the robot must follow a maze solving behaviour in order to reach the end, demarcated by a coloured line indicating to stop. 
In pursuit of these objectives, the design process went through a number of different iterations of techniques and potential solutions to the three different problems, each with their own strengths and weaknesses. After all solutions were considered, a unified approach was devised where the robot would prioritise movement stability, whilst sacrificing some speed. The final result was a robot featuring a swivelling sensor, allowing it to survey and respond to its surroundings accordingly. Additionally, the robot makes full use of a colour sensor and a proximity sensor, both used to solve different problems within the problem. The script for this robot would make full use of calling functions at specific triggers to switch between solving behaviours uninterrupted. It also uses while loops to keep the robot moving forward, which were able to be stopped and redirected to a different code block at any time, preventing the need for an unnecessarily long program script or delayed response times. Overall, this project would produce a resounding success in the attempt to sequence line following, obstacle avoidance and maze solving behaviours into one build and program script.

[bookmark: _p0zsj1d0gd6y]Research and Background
The most essential tool used in this project was the LEGO SPIKE Prime software itself, allowing code communication to the robot remotely via bluetooth connection. The software operates on python, but allows the user to utilise code blocks instead to write scripts, making the software ideal for users untrained in programming languages, and adding a visual aid element to the programming process [1]. LEGO SPIKE Prime has found high praise amongst academic researchers as a useful teaching tool for children and gateway to a wide array of subjects, including robots, physics and mathematics. [2] [3]

A technique used that was core to the robots navigation and maze solving was the ability to swivel a sensor head and detect a clear path. This technique was derived from a number of videos online by a number of channels [4] [5], which had provided a strong reference for the physical features and script requirements of the robot. This was then transformed entirely to fit the nature of the project, and integrate new code seamlessly. The resulting bot was able to perform multiple different tasks sequentially and without human input, with little error.

[bookmark: _hcb6h9zck1gu]Planning
After exploring different ideas on how to achieve procedural maze solving using the given hardware and software restrictions, our group landed on the idea to use a proximity sensor as a ‘head’, mounted onto a swivelling axle. This design would allow the robot to assess its surroundings without moving the body, which was an important aspect considered when navigating through the tight corridors of a maze. 

The timeline of the project progressed smoothly, with each week yielding a new breakthrough, whether in locomotion method, coding implementation, or bug testing. The process started by testing both how to build a robot and then program it to follow a line, as well as move freely. Later, the main logic for the head swivelling function was implemented. These two aspects could now be used together to create an early script for navigating and moving through a maze. The last few weeks were spent fine-tuning values and fixing bugs, successfully resulting in a robot that could solve mazes with little error in navigation, save for occasionally snagging on odd terrain.

The final method that we had used ended up being similar to the precedent research found and outlined earlier for using a swivelling head to solve a maze, but improved upon significantly by adding new functionality, such as being able to switch between maze solving, line following, and obstacle avoiding when required without user input, and further tweaking to prioritise regular movement and reasonable speeds. 
[bookmark: _xxe6v6q70fua]Robot Design
On the hardware side of robot design, the final product utilised two large wheels mounted on the front motors to move around, with a smaller free-rotating gyroball mounted at the rear to support weight as shown in Figure 1. This design allowed for strong drive force from the wheels, and retained the ability to turn by spinning the wheels in opposite directions. Because this method was used to rotate, it can rotate on the spot. At the front of the bot is a proximity sensor head attached to an axle, allowed to swivel by a motor. The sensor is at an elevated position, allowing for clear operation of the sensor without obstruction, and good range. Under it, is a colour sensor mounted ventrally. This sensor is given close proximity to the ground, in order to make best use of its colour detection, whilst avoiding the sensor catching on any low-rising terrain.
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Figure 1

For the software of the robot, a number of coding decisions enabled the bot to run smoothly and without error. This included using variables in place of floating values. Using variables in this case allows the operator to be able to change values easily for fine-tuning, and additionally the variables can be shifted by the logic if it would be required to navigate properly. Some examples of these would be the speed of the wheel motors, and the angle of rotation for the motors. Another feature of the code was the use of while loops on the condition of specific colour flags, meaning the bot would be able to enter a behavioural loop upon detecting a specific colour. This enabled the bot to be able to smoothly transition from following a line to solving a maze, as the main code that was being run would shift immediately when the colour sensor was tripped. A final important part of the code design was the use of functions, this way blocks of code could be called and interrupted when needed, avoiding an unwieldy and overengineered script if it had run within one stack of code. This function was again essential for switching behaviour cleanly. without human input.
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Figure 2
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Figure 3
[bookmark: _nbb4z1qmpbt6]Implementation and coding

The main coding strategy implemented using code block in the design was the coordination of both movement and navigation. This was performed by using the swivelling proximity sensor to detect objects in front of it. When detected, the bot would stop well before a collision, and the head would look from left to right. When the head detected a path that did not contain an obstruction, the bot would orient itself to face that direction, and continue to move forward until it was met with another obstruction. To do this, some simple mathematics are calculated in the script to rotate the bot towards the angle that the head has reported as clear. As mentioned earlier, another component of the coding strategy is to be able to call upon functions that perform critical elements of the robots pathing. This not only includes the obstacle detection and rotation behaviour, but also the calling of line following behaviour, and the code to navigate around an obstacle in a path when required. 

The use of sensors in script was integral to the operation of the code as a whole. All functions of the script are triggered either through flags sent by the proximity sensor, indicating an obstacle, or signals from the colour sensor, indicating that a pre-programmed colour had been detected. In the script, control flow operates by moving forward until a specific behaviour trigger is signalled. The script then performs that function, and then returns to normal programming, able to quickly flow from one function to another. This allows the robot to swiftly react to an obstacle in its path whilst following a line, and then continue to follow that line after navigating around the obstacle, or to begin solving the maze as soon as the robot crosses the maze entrance threshold.

[bookmark: _20yndetpnfp4]Testing and Evaluation
The first aspect of the project to be tested was the function allowing the robot to follow a line. This part of testing allowed us to finetune the movement speed of the robot, and also determine the correct wheel angles needed to rotate the robot. We had also found through this testing that the colour sensor was fallible if the line was too thin, or alternatively if the colour contrast wasn't different enough, it could trigger by mistake when detecting either a shadow or source of light. The next part that required testing was the maze solving. Adjustments needed to be made to the speed, as moving too quickly would cause an unwanted kangaroo-bucking motion when stopping. A small reversing movement was added after stopping, in order to keep the bot lined up with the maze corridors. Another section of testing was getting the robot to navigate around an obstacle in its path. Repeated tests were needed in order to correctly program the needed turning directions, in addition to measuring precise distances to be able to tightly turn around a predetermined object. The last part of testing was integrating all functions together, allowing the script to flow easily from one function to the next. This allows the robot to complete all parts of the gauntlet in order.

The result of the project was a success, with the robot being able to cleanly follow the line, navigate around an obstacle, relocate the line, then solve the maze with minimal error and in a timely manner. Our approach had resulted in a robot having no problem in solving a maze, only getting caught out by catching wheels on odd snags.

Some problems that the robot encountered involved the width of the line, being that the colour sensor had trouble detecting the line if it was too thin. This could be solved with the addition of a second colour sensor, allowing for a wider area of detection. Another issue that the robot encountered was that the colour sensor could often be sensitive to shadow. This could either be solved by relying on higher contrast colours, as was used in the demo, or mounting lights onto the robot to ensure  uniformly lit surroundings. A final issue the robot faced is that its wheels would sometimes snag on small fastenings while solving the maze. This could be solved by adding low fenders to the robot to glance off fastenings before they contact the wheel.
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Figure 1. Detail of line proximity sensor, 2026
Figure 2. Front view of robot, 2026
Figure 3. Profile view of robot, 2026
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