Research Into Robotics in a Lego Mindstorms Setting
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In this report I will be exploring the possible problem and its solutions, as shown in the provided diagram. This diagram produces many potential obstacles and issues that the robot will have to be faced with. I believe the main issues here are:
· Mobility
· Navigation
· Problem Solving
· Dimensions
Mobility
Firstly, in terms of mobility, the robot will have to be small enough to maneuvere around smaller turns and twists such as the loop we see in the diagram. If the robot and its wheels aren’t small enough,  the robot will quite simply drive off the course, lose track of its designated path, and get lost. This will then of course result in the failure to complete the task at hand.
Navigation
The second issue I have mentioned is navigation. The navigation is one of the key components here. The navigation is what will allow the robot to tell in which direction it should move, how much it should move, and what path to follow. In order to give the robot a reliable pathfinder, it will need several sensors which allow it to interact with the environment. That way it can detect obstacles, possible pathways, and dead ends. Luckily the Lego Mindstorms set offers a multitude of sensors such as infrared, colour, supersonic and touch sensors.
Problem Solving
Thirdly, the next problem I believe that will have to be addressed is the robots skill to solve problems. This wouldn’t apply to many situations but I believe it is equally as important as any other aspect of the robot. The robot will have to use this problem solving skill to get around its obstacles and navigate, which of course goes back and adds to the navigation problem that I have already gone over. The problem solving skills would come with the hardware aspect of the robot. Things like sensors for detecting the problems in front, and things like motors and things attached to the motors like wheels, arms or claws to actually combat the problems themselves. Be it moving around the problem or moving an obstacle out the way, that is something that would have to be addressed and solved, otherwise the robot will not he able to complete the maze.
Dimensions
The fourth and final major problem that will have to be addressed is the dimensions, more specifically the dimensions of the robot. There are a few problems that are related to dimensions that will be an obstacle in the way of the task at hand. First of all the robot cannot be too big for several reasons. One of the reasons is that if it is too big, it may not fit in the maze, especially with the diagram being a vague and not drawn to scale representation of what the maze may look like, we don’t know how big everything is seen as there are no measurements given. The second reason is that if it is too big, it will be way too difficult to move around, especially in smaller spaces and in cases where small movements will be the key. Another problem related to dimensions is the opposite of the first one, that being that it cannot he too small. Sure, a small robot can navigate very well and is generally pretty mobile, and it can fit into most spaces, however if it is too small, it will not fit all the necessary parts such as the sensors and the Mindsotrms Complete Brick. Which is an essential to of course run any programming for the robot. Baring these two dimensions related issues in mind, there is a certain size that would have to be taken into consideration which building. One that fits all the necessary parts on it, but is also mobile, effective and efficient.

The Maze and the Problems Within
Method 1
The first issue that we are faced with within the maze is the consecutive and sharp turns, which could be a problem in terms of the robot’s mobility. This means the robot would have to be as small as possible, it will of course need colour sensors, and it would have to have small wheels in order to maximise mobility. The reason this is an issue is because I feel as though, if the robot doesn't turn fast enough to keep following the line, it will lose track of it, and therefore will fail the initial task. The next issue we are faced with is an obstacle, specifically a movable object. Assuming the black line carries on under the block, continuing will not be much of an issue. The robot will have an ultrasonic sensor, which can be used passively to be constantly active. This means that the robot will automatically detect any obstacles in front of it. On top of the ultrasonic sensor, it will also utilise a touch sensor, which it can use to identify whether the object in front of it is movable or not. If the robot bumps into a movable object, the sensor will produce a signal when activated that will let the robot know that there is an object that should be swept out the way. Once the ultrasonic sensor sees an object in front of it, the touch sensor will then provide the rest of the hardware with the information that there is an object in front of it that should be moved. The next part that may be a problem for the robot the loop, due to the fact that the black line intersects, which means there’s a possibility of the robot getting lost and not completing the loop. On the contrary to this problem however, assuming the line is thick enough for the robot to follow it as precisely as its needed, this part will not be a problem. To both scenarios there’s a solution:
· If the line is thick enough, the robot can just keep going as it will continue to follow the line without a problem
· If the line isn’t very thick, we can use the colour sensors to follow the darkest part of the line by making it follow the line while sensing reflected light, rather than ambient light. This part of the line would be the one directly underneath the sensor, which realistically speaking, is the part of the line that we need the robot to follow.
After the loop in the black line is complete, the next part is the maze itself. We can make the robot detect the start of the maze by making it detect the colour green. Once that happens, the robot will move based upon the ultrasonic sensor only, as it will not need the colour sensor or the touch sensor anymore. The robot will by default move forward but as soon as it detects a wall, the ultra sonic sensor will scan its surroundings to detect the next direction to go in. The robot will have to stop at a certain distance from the wall in front of it, which us as the programmers will have to determine by calculating the space the robot needs to turn, which would be relative to the size of the robot and wheels. Once the robot finds a direction to go in, it will turn in that direction and keep going until it gets to another wall. If it is a dead end, the robot will have to go back up the same way it came and keep repeating this loop of trial and error until it reaches the end of the maze. The last problem of this maze is the block at the very end, which the robot will have to move out the way. [1] [2] [3]
Method 2
The second method is very similar, in that it has the same procedure in the first part of the problem until it gets to the maze itself. At this point the robot will continue to follow one side of the wall until it reaches the end. For this, we can use ultrasonic sensor to scan it’s surroundings in a certain direction. For example, as long as there is a wall to the left of the robot it will keep going straight, however once that wall isn’t there anymore, the robot will scan around and determine if there are other walls around, if there are, the robot will turn in the direction it is following and then continue to detect a wall to the left, this way we are ensuring that the robot follows the maze around based upon one direction. Once the robot does not detect a wall in its designated direction, and it doesnt detect a wall in the opposite direction as well as front, this will mean the robot got to the end of the maze as there is no more maze. 
Method 3
The third method is to make the robot follow a line around, which is by far the quickest method and way to do this kind of a problem. This method is used in every other method I have mentioned , however only in the first part of the task at hand. The reason for that is that the diagram does not show us any lines that could be followed within the maze. This means that as soon as the robot gets to the start of the maze, it will be incapable of completing it because it will have no way to tell where to go. If in another case, the maze had some form of a line that the robot could follow, this would be the superior method as it is the fastest, and it could get past all its obstacles with little to no effort by simply following the path and pushing the obstacles out the way. Not to mentioned the fact that any other sensor would be completely useless and unnecessary seen as the robot would not have to scan any other parts of its environment. 
Method Advantages and Disadvantages
Method 1:
Advantages:
· The first advantage is that it seems that this method of completing the maze may be faster. This is because the robot isn’t following a wall that may be longer in terms of the distance needed to follow it, with this method, although the robot may take some unnecessary turns, I believe it is still faster.
· Another rather small but nevertheless an advantage is that with this method, the robot has less chance of taking unnecessary turns and paths in the maze, as opposed to the other method where it will almost definitely take unnecessary turns and pathways in terms of layout, which is also dependent on what the maze is built like and how straight forward the path is.
Disadvantages:
· A disadvantage of this design is that it is based entirely on trial and error, and although this method may be faster, that is entirely dependent on the maze itself. This also means that it’s not very efficient and reliable because of all the possible mistakes the robot may or may not make
· Another disadvantage is that after the robot enters the maze, the way the ultrasonic sensor works will change because it will no longer tell the robot to sweep an object out of the way, but rather it will tell it to find an Alternative route. Normally this wouldn’t be a problem but seen as how there is a block in the way at the finish line, instead of pushing it out of the way, the robot will try to find an alternative route, when there is none.

Method 2:
Advantages:
· One advantage of this method is that it’s simple, and more efficient than Method 1. In this method, the robot continuously follows one side of the maze, which will inevitably get the robot to the very end of the maze eventually. This of course maximises the efficiency and effectiveness of the robot.
· Another advantage of the robot is that it does not rely on what’s in front of it to move, as it is dependent on the boundaries of the maze, which means that it will have no issue addressing the final obstacle of the maze which is the block laid out at the very end, as the robot can keep going to push it out the way
Disadvantages:
· One disadvantage of this method is that if the made is quite extensive, and also depending on which side the robot is following, my prediction is that it will take much longer to complete this maze because the robot will be dependent on following each and every wall that is on its left or right side. This means that the robot will definitely venture into unnecessary pathways and dead ends, just so it can progress through the maze.
Method 3:
Advantages:
· Although method 2 is fast, this method is by far the fastest, as all that the robot is doing is following a trail meaning it doesn’t have to scan its environment for things like objects being around it, distanced between the robot and the walls etc.
· Another advantage is that because all that the robot is doing is following a trail, all the obstacles in its path are completely irrelevant seen as the robot can just push them out the way as it moves through
· The third advantage of this method is that because of how it works, the robot has no chance of getting side tracked, as it is programmed to simply get from point A to point B by following a path that has already been set out
Disadvantages:
· Despite this being an almost perfect design, everything about it is completely nullified by the fact that the maze in our problem does not have any more lines to follow once the robot gets to the maze. This means that it cannot complete the last part of the task which completely defeats the point of the robot, as it will not know where to go.
Overall I believe that the best method to go with is Method 2. I believe that in terms of effectiveness and reliability, the advantages of the second method are much better than those of the first method, and I believe that they also outweigh the disadvantages of the second method. I also believe it is more convenient as it will allow the robot to move past the last obstacle with much more simplicity and ease, as opposed to the program that operates the robot in the first method. Most of the advantages become much more relevant inside the maze seen as both methods deal with the first part of the problem in the same way by utilising its design, mobility, navigation and problem solving. Although the third method has many advantages and it a lot better than the other methods in my opinion, the problem with it is that it is essentially incompatible with the problem that we are trying to solve, primarily in its last part when the robot has to tackle the maze. Using the second method, not only the robot can complete the maze, but it can also overcome its obstacles and it can do it at a moderately fast pace.

Flowchart
[image: ]
This very simple flowchart explains the entirety of how the second method will work. Seen as we are just pushing the obstacle blocks out the way, we can just make our robot keep going as it will push through them. The way this works is in the first part of the course before the maze, the robot will continuously scan for the difference in reflected light, which is how it will tell the difference between the black line and the rest of the surface. If the sensor is on the black line and it can see it, it will make the robot move one wheel for 1 second at the speed of 30. If the sensor doesn’t see the black line it will move the other wheel in the same manner. In this way, the robot will constantly be on and off the line, forcing it, to edge it’s way forward one step at a time until it hits the start of the maze. At this point the robot will run in a different loop, where this time it will scan its surroundings after each rotation of the wheels. The robot will move for 1 rotation if its wheels, scan its left, front and right, and determine whether to continue moving or if it is at the end. If there is a wall either in front or to the right it will turn left, move forward and scan again. If there is nothing in any direction, that means that the robot is at the end of the maze and therefore has completed its task. Once the robot scans its surroundings after turning it will continue in this loop of moving, scanning and determining whether it should move or whether it has completed its task.
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