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Introduction
For this assignment we are tasked with working in small groups to construct a robot using Lego Spike Prime and programming it to solve a specific problem. The problem that needed to be solved was to build a robot that was capable of exploring and solving a maze autonomously using sensors and algorithms to navigate dead ends and find the correct path to the exit. There will be 2 stages to the practical part of this assignment. The first is to follow a black line on the floor, negotiate any obstacles that block its path and rejoin the line. The second is to enter the maze, negotiate the maze and when the robot reaches the finish line it must stop and play a sound to indicate that it has completed its task. 
We also have a written report to complete as part of the assignment. In this report we need to cover an introduction to the task, conduct research into the tools and techniques that we will be using to solve the challenges, illustrate a plan of how we intend to solve the problem, describe the design of the robot that we build and outline how we will assess the success of each stage. Each member will be writing their own report and for some sections there will be more detail for the parts that the group member had more responsibility with.
















Tools and Techniques
There are several tools and techniques that are used when creating a maze solving robot using LEGO Spike Prime. Here are some:
· The most important tool that is integral to the success of this task is the LEGO Spike Prime set. This set includes all the components (motors, sensors, hub, bricks) that are necessary for building our robot.
· The sensors included in the LEGO set are also very important. The set includes a few different ones:
· Force Sensor: The force sensor allows the robot to detect if it’s being pressed and the amount of force being applied. It measures the amount of pressure being applied in newtons, or as a percentage.
· Colour Sensor: There are 3 main modes to the colour sensor; colour, reflected light and ambient light. The sensor also has the capability of being used as a light source. In the colour mode, the sensor is able to differentiate between eight different colours. In the reflected light mode the sensor emits a light and measures the amount that is reflected back from whatever surface it is facing. Ambient light intensity is the final mode, this mode is only available when coding the robot using Python. In this mode the sensor measures the amount of light in its environment, without producing its own light source. 
· Distance Sensor: This sensor does what the name suggests and measures distance to an object or surface using ultrasound. The sensor sends out high frequency sound waves that bounce off any object that is in range then measures how long it takes to return. The sensor can also be used as a light source and has four LED segments around each of the “eyes”, these segments can be controlled individually to have whatever ones you want lit up.
· Gyroscope/accelerometer: The hub itself has a number of built in sensors. It has a three-axis accelerometer and gyroscope. The combination of these two sensors allows the hub to determine its orientation, as well as gestures.
· Large and medium motors: Each of the motors included in the set are equipped with internal rotation sensors. This means they can measure the motors speed and position. [1]
· The app itself is also essential to creating and programming the robot. We can create code for the robot using the provided code blocks, or even use Python to create our own code.
· Ensuring we use the correct coding techniques such as loops and decision making (for, while, if, else) will help with completing the maze.

Problem Solving Plan
There are many steps to consider when creating and coding our robot to solve the maze:
· Robot Construction: We must assemble our robot using the provided components and ensure that the robot has the correct wheels so that it can move.
· Sensor Placement: This step is very important. Each sensor must be placed correctly, otherwise the robot won’t be able to negotiate any of the tasks correctly.
· Movement Logic: We need to use the correct code blocks to ensure the robot moves forward and backwards and can turn left and right. Also adjusting motor speeds to help with making precise movements.
· Line Following: We need to use the colour sensor to follow the black line leading up to the maze, and to stop at the coloured tape that will be at the start and end of the maze. 
· Wall Detection: Use of the distance sensor to detect how far the walls of the maze are, and to stop when the robot gets too close so that it can turn the correct way to keep going through the maze to the exit.
· Entrance and Exit Conditions: We will need to define the correct colours to the colour sensor so that the robot can differentiate the line that is at the beginning of the maze and the line that is at the exit. On reaching the line at the entrance the robot should stop and then run the maze solving code. Once it reaches the exit, it should stop and play a sound. 

Robot Design
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When designing the robot, we really liked the idea of having the distance sensor rotate. The idea was that when the robot reached a wall, instead of the entire robot turning to check which way to go, the sensor would turn instead, and when it found the direction that was clear of obstacles, the robot would then turn and drive in that direction. Due to the robot having to follow a black line prior to the maze, the only place for the colour sensor was to be facing down. We had to make sure it wasn’t too close to the ground though, otherwise it might not be able to properly differentiate between colours. Because of the distance sensor being raised and placed more towards the front of the robot, we had to make sure that the back had enough weight to avoid the robot toppling over whenever it stopped. Reducing the speed also aided in this as when the robot moved forward at too high of a speed then came to a stop, it would wobble and almost tip over.
When it came to coding the robot the rotating distance sensor did make it quite difficult to figure out. It would have been easier to create a robot that simply followed the wall or we could have used the force sensor so the robot stops whenever it hits a wall and turns to find the correct way. The idea and design we went with was very interesting though and we decided to persevere with making the code work for what we wanted to achieve.

Assessing Success
To assess the success for each stage, we must first identify the success criteria:
	
	Success Criteria
	Assessment

	Robot construction and design
	The robot is assembled correctly according to the agreed design
	Check that the robot is built as intended

	
	Sensors are securely attached and are positioned correctly
	Ensure sensors respond correctly

	Movement Logic
	Robot moves forward, backwards, turns and follows lines correctly
	Verify that it moves as intended and follows the lines correctly

	Entrance and exit conditions and completion
	The robot stops at the coloured tape at the maze entrance and again at the maze exit and plays a tune to signify that it has completed the maze
	Verify that it stops when it is meant to and that it plays the tune at the end of the maze
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