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1. Introduction
This report aims to showcase skills learned during the computing course foundation year, by implementing a solution to a given scenario, combining knowledge from several modules. Specifically, this group has been tasked with building and programming a robot using the Lego Mindstorms EV3 kit and programming environment to navigate a line, negotiate around an obstacle on this line, and solve a maze.
2. Problem Analysis and Background Research
For each part of the problem, the robot will need some form of input to deliver an appropriate output. The Lego Mindstorms kit the team had access to came with the following sensors to receive input: An infrared sensor, a colour sensor, a touch sensor, a gyro sensor, and an ultrasonic sensor.
The first part of the problem, navigating the line, can only provide input through colour. While shape could technically be applied as input, the line is a 2-dimensional shape, and thus cannot be read by the infrared, ultrasonic or touch sensors. For reference, a straight portion of the line looks like this:
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Note the separation of the red and blue lines especially. While the robot can receive different colour inputs, it must be able to make decisions based on which colour it detects.
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For example, the above programming infinitely loops a command that veers the robot to the left when it detects red and turns right if it does not. To this end, assuming the colour sensor is installed facing downwards, and is placed roughly in the middle of the machine, it should advance along the line, albeit not in the smoothest motion.
It should be noted however, that the colour sensor works best at a right angle to whatever it is sensing, at a very close (but not touching) distance [1, p. 13]. 
Along the line, an obstacle (in this case a block) will be placed, which the machine will need to navigate around, after which it must reconnect with the line. For this, either the touch, ultrasonic or infrared sensor can be used. While the colour sensor could also be used to detect the block, the sensor would have to be very close to the object, meaning to avoid collision with the obstacle, the robot would have to be travelling at a much slower speed, to the point of inefficiency. Thus, the task is better suited to the former three sensors.
Conversely, the touch sensor would then require a kind of “collision” as well. However, as it functions as a binary switch (either on or off), it can react much more quickly to input. As well as this, the range at which it is triggered can be extended with other parts found in the EV3 kit. For example, Griffin [2, p. 26-28] demonstrates a design whereby a “bumper” can be used for this purpose. Alternatively, a simple crossbar can be inserted into the tip of the touch sensor’s button, like so: 
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If the surface area of this extended tip is an issue, a gear could be inserted onto the opposite end. However, the design of the touch sensor itself is somewhat loose, so too much weight on the end of the crossbar can cause it to bend downwards – this can be seen slightly in the above image as well.
The infrared and ultrasonic sensors are best discussed with the maze problem in mind, as the sensors can be used to determine distance from walls and make positional movements accordingly. Both sensors function by measuring and comparing distances, however the former does so by reflecting infrared light [3], while the latter generates sound and detects the echo [4]. Thus, which sensor is more effective depends on the colour and material of the maze. For instance, if the maze walls were coloured white, and were made of a very glossy material, then it would be much more reflective, making infrared the more effective sensor [5]. Ultrasonic reflectivity, however, is mainly dependant on what the sound wave propagates through. For example, in clinical ultrasound, the propagation of ultrasonic waves is affected more by the density and elasticity of the material it passes through [6]. In air, for example, the speed of sound is roughly 340m/s, while through water it is upwards of 1500m/s. 
Nevertheless, reflection is less the concern versus how quickly an echo can be received by the ultrasonic sensor’s microphones. During testing against a maze material of black-coloured cardboard, the ultrasonic and infrared sensors performed similarly. If high positional accuracy is a concern, then ultimately ultrasonic would be more suited to the task, as propagation of ultrasonic waves is slower than infrared [7 p. 173]. More specifically, Lego also notes the ultrasonic sensor is accurate to +/- 1cm [4]. 
3. Project Plan and Proposed Solution
The robot needs to perform three main tasks: follow a line, navigate around an obstacle, and solve a maze. To do this, it will require motors, wheels, appropriate sensors, and the programming to make informed decisions based on input. Thus, following research above, a combination of touch, ultrasonic and colour sensors working in tandem should provide the best results.
Following from the given example in section 2, a more developed version on the same principles can be created:
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The programming works by looping two switch blocks, one for detecting red, and another for detecting blue. If red is detected, the machine should move forward, turning slightly to the left as well. This is done at under 50 speed to reduce the possibility of overcorrection. Too much movement, and the robot could overshoot the lines, leaving it stuck infinitely moving forward (i.e., the colour sensor does not detect red or blue). Vice-versa, should the colour sensor detect blue, the opposite should occur – slow, forward movement with a tendency to the right. In this way, the machine should “wiggle” along the lines, while also being slow enough to allow the robot to follow any curves and turns.
This loop breaks when the touch sensor is triggered – at which point, as the obstacle is kept constant in terms of shape and size, the robot performs a pre-set of movement instructions, as follows:
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This line of instructions halts the robot, reverses it, and has it pilot around the right-hand side of the obstacle. Once this is done, a smaller loop moves the robot forward slowly, until it detects red again. Once it does, the line program should subsequently repeat itself.
The line following program terminates once the colour sensor detects green. At this point, the code swaps to the maze portion of the programming. As the form of the maze is not a constant, the robot should be able to solve any maze, meaning the prevailing logic used to solve this was to “hug the left wall”. In this case, two ultrasonic sensors were used in tandem. The first, positioned near the front of the machine, functions through a switch. If the distance is under a given distance, in this case 7 inches, the robot should stop, reverse slightly, then turn somewhat heavily to the right. If the distance detected is not smaller than 7”, the logic flows to the next switch, an ultrasonic sensor positioned on the left side of the machine. Following the same distance logic, if the machine is too close to the wall it detects, it moves forward and to the right at a slow speed. If the distance is far enough to not trigger, the robot should move forward and to the left at an equally slow speed.
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In this way, the logic used is somewhat similar to the line following programming, whereby the machine “wiggles” along a path. This design was also inspired and adapted from Griffin [2, p. 81-92], whose programming follows similar logic, including instructions for following a wall, turning a corner, and notably, going through an opening. The programming above does not need to account for this, however, as no openings were ever used during maze construction and testing. If any improvements were to be made in future iterations, this could nevertheless be a consideration.

4. Finished Designs

4.1 Hardware
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4.2 Software
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Above is the full programming for solving each problem.
The first main block covers the line following programming, wiggling along the line and adjusting as needed. Once the touch sensor is triggered, the movement blocks in-between execute. This drives the robot backwards, and pivots around the obstacle. At the end of this movement is a small loop that moves the machine forward, breaking once it detects red (as the robot moves around the right side of the block, red will be the first colour it can encounter). After this, the line programming is repeated until the colour sensor detects green, at which point the maze programming begins. Once green is detected at the end of the maze, the motors stop, the robot plays a fanfare, and the program terminates.
5. Results and Evaluation
During the line following portion, the programming worked completely, with the robot following along as intended. 
At the obstacle, the touch sensor triggered as intended, navigated the block, and re-joined the line, however this only worked as the block was far enough away from the curve in the line. If it were any closer, the machine may not have navigated correctly. Solving this problem would be easiest by using a shorter crossbar at the touch sensor. 
Once the robot detected green at the end of the line, it played a fanfare and stopped completely. To this end, it was not able to perform each part seamlessly in one program. This was assumed to be a problem with the logic flow, as green was used to detect both the end of the line portion of the programming, as well as the end of the maze portion. This would be solved easiest by having the colour sensor detect a different colour for either end of the programming sections (i.e., the line could finish at green, while the maze could instead finish once yellow is detected).
In a separate program, the maze was solved as intended for the most part. Tuning and calibration of the motors would be ideal however, as when the machine turns right, it does so in too large of a radius, meaning while it follows the same logic of following the left wall, it does so inefficiently, and in an unintended way. As well as this, it is a potential error that, in a different maze configuration, could have caused the robot to be unable to solve the maze from turning too much in one direction.
Nevertheless, the robot still performed each task, and to this end, the project was a success.
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