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[bookmark: _Toc229650900]Introduction
For this module the objective was to design build and program a LEGO Spike robot, autonomously round a two part navigation challenge, firstly we had to come up with a design that was both practical, fitted with the correct sensors enabling the robot to function with the given task, yet at the same time building something that was big enough to carry everything needed, yet small enough to fit, specially through the second part of the challenge and the narrow lanes within the maze, we had to ensure size, turning angles with all sensor configurations optimised.
Objectives
	 The objectives given were to firstly follow a curved line. this curve, showed that the robot was indeed following, not just running alongside it in a straight line. The robot would then come across an obstruction (in this instance it was a box). The robot had to Manoeuvre around the box then successfully rejoin the line and again follow it. The last section of the first part was to identify a colour line  , stop and make a noise.

The second part to this module was to negotiate a maze, using the sensors already fitted, this could be completed in one of a few different ways:
Using colour blocks, pressure sensor, distance sensor, or mapping out the maze mathematically.
Then finally crossing the finish line with again a coloured line and the robot playing a noise.

[bookmark: _Toc229650901]Research and background 

	Conducting research on the LEGO Spike, was primarily done on the application, (1). Here you can go through each motor and sensor, with provided tasks, this gives you the option to run sample blocks. To learn how they can be utilised and the type of word block you can use.  One of these test examples showed how you can use a colour sensor alongside some simple logic to create a follow the line command, so this is what was used for the initial start of the project. Working to our strengths within the group, we decided that it should be myself that  writes the code and the other team members would concentrate on the build and design ensuring we received the best performance from the motors and sensors. Writing the code using word block seemed to come more naturally to me.

[bookmark: _Toc229650902]Planning
	When planning the strategy and solutions, the group came to the unanimous decision that the hardest part of this project would be the maze, we agreed since we already had the code for the follow a line task. Alongside that with obstacle avoidance, which would use quite simple commands.
The timeline for completing this project was a number of weeks, between myself over engineering the complexity, that really didn’t need to be done, like initially writing the code literally, mathematically measuring the distance and programming each turn one at a time, To writing a very complex python code filled with fail safes, loops and try  - except logic. However since the team learned how to build using the word block  , this was what inevitably was used in the final code.

[bookmark: _Toc229650903]Robot Design 
	This robot’s design stayed rather consistent throughout the project, only making minor alterations. 
The underside: The underside of this robot was reconstructed a few times just to add structural stability. When we discussed and decided to incorporate the motor for the moving scanning distance sensor
The colour sensor: There was some discussion within the team about what seemed to be the optimal height of the colour sensor from the floor. And its position on the robot, against my opinion the colour sensor was first placed right in front of the left wheel. My argument to this was that if we were to use colour blocks, to initiate the code. Then immediately after the robot would run over the block, knocking the robot off i trajectory possibly jeopardising the whole run. I explained this complication to my team whom decided to agree with me Placing the colour sensor in the middle of the robot, ensuring the wheels were not compromised 
Another design change was the distance sensor, due to the narrow nature of the maze, plus the way the walls of the maze are created, wile turning within the maze the distance sensor would snag the wall, knocking the whole robot off its designed route, inevitably rendering the Robot stuck. So the last minute design change was to flip the distance senser on its vertical edge, this meant it took up a 5th of the space and due to the wide sensors, it was just as effective
[image: ]The Robot : Here are some photos of the finished robot. You can clearly see where the colour sensor and distance sensor were mounted.                                                     [image: ]   [image: ][image: ]

Hardware Inventory and Assembly Analysis: Project "A-MAZING"
The "A-MAZING" autonomous robot. The assembly is derived from the LEGO SPIKE Prime ecosystem, integrating specialized electronic modules with structural Technic elements to facilitate complex navigation tasks.
Core Electronic Systems
The robot’s intelligence and mechanical output are driven by five primary electronic components. At the centre of the chassis sits the Large Hub, which serves as the primary microcontroller and power distribution unit. Mobility is provided by two Large Angular Motors positioned to drive the lateral wheels.
Environmental interaction is managed via a three-part sensor array. A Medium Angular Motor is mounted vertically at the front to serve as a programmable "neck". Atop this motor is the Ultrasonic Distance Sensor, providing the robot with depth perception for wall avoidance. Finally, a Color Sensor is positioned at the lowest point of the front assembly, facing the floor to interpret line-following data and finish-line markers.
Structural Framework and Mechanical Components
The physical architecture of the robot is built upon a foundation of Light Azure Technic Frames (11x15), which are reinforced by Black Technic Beams (1x15) acting as protective bumpers. The drive train utilizes two Azure Wheels with high-traction black rims, 
the robot features a Green 2x4 System Brick and a Yellow 2x2 System Brick mounted at the rear. These non-Technic elements serve as a tactile handle for the operator and provide a visual indicator of the robot's rear orientation during testing.
Parts that are included can be found here (2)

[bookmark: _Toc229650904]Implementation and coding.
The Coding and implementation of this was primarily done by myself. The code was initially created in 4 parts (depending how you structured it)
There was the initial start, which was just follow a line, I got this word block code from the LEGO Spike website. (1). The second part was an obstacle avoidance task, this obstacle is in the middle of the follow a line task, implementing this was simple. It started when the distance sensor triggered after being 5cm or less away from the object. The robot then manoeuvres a half square, avoiding the obstacle and re joining the line which is the third stage. This is simply done by running a command to turn right, the follow the line again which was simple as the robot will be located on top of it.
Below you can see this code it shows the Follow the line and the obstacle avoidance, it also shows a broadcast message “message 1” , this simply ties the two parts of the code together:

[image: ][image: ][image: ]
The fourth and final stage is the maze, initiated by a coloured line. This maze is a series of left and right turns, at first, we were simply going to map out the maze mathematically, this way however the maze must stay identical,, nor does it show imagination, plus sticking to very simple code, potentially losing marks in the process,

Excitedly, I then went to the polor opposite, writing a very over the top, overly complex python code, this code was filled with try and except, variables and loops. However, having a moment of clarity, enabled me to see how simple the code could be.
Breaking the code down, the robot would start moving forward at the designed speed, when it approaches a wall, it stops. The robot scans in front and to the left.
The Logic:

	Wall In front
	Wall on left
	Outcome

	Yes
	Yes
	Turn 90* right

	No
	Yes
	Move Forward

	Yes
	No
	Turn 90* left

	No
	No
	Move Forward

	
	
	


Then just to finish it off, when the colour sensor sees red, the code dictates the robot stops, plays a sound and displays its name , A-mazing,

Below you can see the logic for the maze, plus notice the end command:

[image: ] 
I believe the sensors we used, were ideal, there was nothing we could have done without, and nothing we could have added that would have been necessary to get the task done any easier or quicker.
[bookmark: _Toc229650905]Testing and Evaluation

The group were able to test each section of the code easily, however the more complicated task was getting the group together, however we managed it sufficiently enough to get the task completed.
We tested each step of the challenge by bringing into university a roll of black tape, sticking the tape down on a large white table, making sure there were waves in the line.  We used a white table so the colour sensor could have the highest contrast of colour, so there were not mistakes by the sensor, and added waves so it was easy to see if the robot was indeed following the line. 
By placing a large box on top of the line, this would easily provide us with an obstacle that the robot could try to move around. As it turns out the obstacle during the demo, was one of the exact same boxes.. so, I knew the robot shouldn’t have any issues here.
Evaluating the approach we took, probably was not the best, firstly we tried to simplify the process to the point where it just didn’t work, then we overcomplicated it which again resulted in it not working as efficiently as it needed to, this python code that was written, was however, by far the best option we had, yet I found trying to make minor alteration to the code would result in syntax errors.
The code we used using the demo was written just a few hours earlier, so no wonder it didn’t go as smoothly as it could , but this must be said, the code that was written closest to the deadline, was the maze code and this had the least wrong 

For further iterations, there are few things I would change, firstly on the robot I would calculate the exact degrees the wheels need to turn to make perfect 90* 180* 360* etc, secondly I would rais the colour sensor a little hight, as due to the light it emits it sometimes gets the colour wrong.
Further changes we could make, would be to display this on a platform, not the floor. And use different colours for high contrast, as ours was presented on the floor and the carpet was showing black and white, and our tape was black., charges to the maze would be to figure out a way of standing the walls of the maze up without those little white clips that knock the robot off course,











The code :
[image: ]
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