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1. [bookmark: _Toc165215725]Introduction
1.1. [bookmark: _Toc165215726]Lego Education Spike Prime Set
Lego Spike Prime is a set of building blocks, tools, and software that aims to provide secondary school students with creative learning opportunities to enhance their critical thinking skills. A combination of LEGO Technic, versatile and accurate hardware, and adapted coding languages based on Scratch and Python allows students to explore complex engineering and technological concepts hands-on [1].
[image: A yellow plastic container with a white lid and a yellow box with a white lid and a white lid with a blue and white plastic object with white and blue objects on it

Description automatically generated with medium confidence]
(Image: The Lego Spike Prime Set [2])
1.2. [bookmark: _Toc165215727]Importance of Robotics in Education
Robotics is a very visual and tactile form of learning; it can be exciting and invoke curiosity in students. Fun and enthusiasm can cultivate an interest in young students towards STEAM subjects [3]. STEAM as opposed to STEM includes design and artistic aspects which are important in engineering, this inclusion allows for teamwork and communication between students with differing interests and exposes students to new STEAM subjects [3].
Robotics involves critical and computational thinking and encourages learning by trial and error [3]. Robotics is a fantastic way to get otherwise uninterested students to actively participate in and explore STEAM subjects [3].


1.3. [bookmark: _Toc165215728]Assignment Task: Solving a Course
Using the Lego Spike Prime kit, teams must build a robot to navigate a course autonomously. This involves building the robot using the hardware and pieces provided and programming it to be able to successfully complete the three sections of the course.
[image: A diagram of a robot

Description automatically generated]
(Image: from assignment document.) 
1.3.1. [bookmark: _Toc165215729]Section 1: Following a line.
In this section the robot will need to follow a line which includes curves and turns (A loop was included in the original briefing but later removed.) 
1.3.2. [bookmark: _Toc165215730]Section 2: Moving around an obstacle.
This section requires for the robot to detect and then navigate around an object placed upon the line it is following. Once it has moved around the object, the robot must rediscover the line and continue to follow it. 
1.3.3. [bookmark: _Toc165215731]Section 3: Navigating a maze.
The Robot concludes by entering and solving a maze, finding its way around to the finish line autonomously without a pre-programmed set of instructions giving it direction. When it reaches the finish line it must signal that it has finished the course by playing a sound. 

2. [bookmark: _Toc165215732]Literature Review
A quick overview of the tools available within the Lego Spike Prime creation kit. 
2.1. [bookmark: _Toc165215733]Hardware
Lego Spike Prime uses a variety of hardware in addition to their construction blocks. This hardware includes a variety of sensors and motors. The Large Hub is the main programmable control unit into which other pieces of hardware are connected. It features a gyro sensor built in and display screen. This piece is often at the heart of a Lego Spike Prime project [4]. Hardware sensors include the Colour Sensor, used to detect colour, reflectivity, and ambient light; the Distance Sensor using ultrasonic technology to measure distance; and the Force Sensor to detect and measure force [5] [6] [7]. There are three motors available in the kit, two Medium Angular Motors and one Large Angular Motor, each of these function as both a motor and sensor. Able to sense speed, position, and movement applied to it [8] [9]. A rechargeable lithium ion polymer battery placed inside the Large Hub supplies power to all connected hardware [10].

2.2. [bookmark: _Toc165215734]Software and Programming Tools
Lego Spike Prime allows for a project to be programmed using a variety of tools. 
2.2.1. [bookmark: _Toc165215735]Lego Icon Blocks
The Lego Icon Blocks use icons to convey what they are and what they do. They have the advantage of being a programming tool that is very visual. 

[image: A screenshot of a game

Description automatically generated]
(Image from Spike Lego Education [11]) 
Even though the Lego Icon Blocks appear very simple, they can control all the sensors and motors. 
2.2.2. [bookmark: _Lego_Word_Blocks][bookmark: _Toc165215736]Lego Word Blocks
The Lego Word Blocks are more complicated than the Icon blocks and include more options and functionality. They are based on the Scratch visual coding language by the Scratch Foundation non-profit organisation [12].
“Scratch promotes computational thinking and problem solving skills; creative teaching and learning; self-expression and collaboration; and equity in computing.” 
(From Scratch About page [12])
Different types of blocks include the hat blocks which are so called because they can only be placed at the top of a stack of blocks. These are used to start a programme or a stack, sometimes with the use of a signal (similar to calling a function.) The stack blocks perform commands while the C blocks act as loops and conditional statements. Reporter blocks are the values and variables while the Boolean blocks evaluate expressions. Cap blocks can only be placed at the bottom of the stack, they often end the stack or programme [13]. 
(Full details in Appendix B)
[image: A screenshot of a computer screen

Description automatically generated]
(images: Collection of images from the Lego Education Spike Prime, help word block types [13])

2.2.3. [bookmark: _Toc165215737]Python
It is also possible to programme a project using the Python programming language. Each Spike Prime component has an associated module [14]. The Hub microcontroller uses an optimised version of Python called MicroPython, an example of how this differs, is the use of milliseconds to avoid using the float variable type for fractions of a second, preferring instead integer values (.5 seconds becomes 500 milliseconds [14].) 



2.3. [bookmark: _Toc165215738]Construction
Within the Lego Spike Prime set there are many available pieces to build a project with. These are a variety from the Lego Technic style of blocks. [image: A poster of lego parts

Description automatically generated]
(Image: from the lego_spike_prime_element_overview.pdf supplied in assignment)
The Lego Education Spike Prime accompanying site and app provide construction instructions for a large collection of projects. 
[image: A group of lego blocks

Description automatically generated with medium confidence]
(image: Example of construction instruction found on Lego Spike Prime app/site [15].)


3. [bookmark: _Toc165215739]Problem-Solving Plan
3.1. [bookmark: _Toc165215740]Vehicle Build
To begin solving the problem the team had to identify a vehicular robot construction fit for the task of completing the course. As a team we decided on the Driving Base 3 complete with colour sensor. (pictured below)
[image: A toy car with wheels and wires

Description automatically generated]
(Image: from Lego Education Spike Prime, driving base 3. [16]) 

The build team followed the instructions for the build. 
(A sub-set of the instruction images below)
[image: Instructions for building a robot

Description automatically generated]
(Images: Sub-set of instruction images from Lego Education Spike Prime, Driving Base 3 [16]) 
3.1.1. [bookmark: _Toc165215741]Vehicle modifications
The first modification to the base build was to align the colour sensor to the front middle of the vehicle to allow for better line following.
[image: A close up of a toy

Description automatically generated]

The distance sensor was later added to allow for obstacle detection.
[image: A toy robot on a desk

Description automatically generated]

Modifications were later made, moving the distance sensor to the side of the vehicle, this was done to allow for a “hand on wall rule” maze solving method. The force sensor was placed on the front instead to allow for sensing obstacles. 
[image: A toy robot with wires

Description automatically generated with medium confidence][image: A toy robot with wires

Description automatically generated]


A final modification came when the vehicle was getting caught on the walls in the maze, the overhanging pieces were removed/moved to ease this problem. 
[image: A toy robot with a white cable

Description automatically generated with medium confidence]



3.2. [bookmark: _Toc165215742]Programming Each Course Section
Programming of the vehicular robot was done in Lego Word Blocks.
3.2.1. [bookmark: _Toc165215743]Main Block
This is the main block (stack) of code in which variables are set and other blocks (stacks) are called like functions.
[image: A screenshot of a video game

Description automatically generated]
 
3.2.2. [bookmark: _Toc165215744]Section 1: Following the line.
The team did some research to find a solution for the line following problem. A solution was created in which the vehicle would turn right if a line was detected using the colour sensor and then turn left if the line was no longer detected. This resulted in a wiggling motion for the vehicle as it followed the line.
[image: A screenshot of a video game

Description automatically generated]
 
3.2.3. [bookmark: _Toc165215745]Section 2: Moving around an obstacle.
We began with a code block (stack) that had a preset size of an obstacle to move around. It activated upon detection via the force sensor and performed the preset turns and distances to move around the object. This method was not autonomous. 
Having later worked on the maze solution we took inspiration from that and adjusted it to autonomously solve the obstacle problem. Upon activating the force sensor by hitting the obstacle the vehicle takes a right turn allowing the distance sensor to face the obstacle, it then follows the “hand on wall rule” and turns left into the gaps at the edges on the obstacle until it senses a line, at which point it stops, moves forwards a little, and takes a right hand turn before engaging the “following a line” function.

[image: A colorful rectangular shapes with different symbols

Description automatically generated with medium confidence]


3.2.4. [bookmark: _Toc165215746]Section 3: Navigating a maze.
Following some research the best solution for the team was the “hand on wall rule” method. The concept for this method was that if a person kept their hand on the wall (choosing either side,) they would eventually find their way out of a maze [17].
[image: A maze with an arrow pointing to the right

Description automatically generated]
Implementing that method, the vehicle was to turn left into a gap if available, or if it came to a wall before finding a gap, it should turn right. This was achieved using the distance sensor on the side and the force sensor at the front of the vehicle.

[image: A screenshot of a computer screen

Description automatically generated]
On completing the maze and moving over the red marker, a sound (meow) is played, and the programme is brought to a stop (there is an error here, discussed in ‘Stage 3: Navigate a maze’.)

4. [bookmark: _Toc165215747]Assessment of Success and Summary
4.1. [bookmark: _Toc165215748]Section Assessment and Reflection.
Upon reflection there is satisfaction in having managed to make all the individual sections work autonomously. Having not had the opportunity to test with the completed course, it is uncertain if the project could complete the full course including transitions between sections. 
4.1.1. [bookmark: _Toc165215749]Section 1: Following the line.
For this section my main concerns are hard 90 degree turns. It is possible for the robot to lose the line and in trying to rediscover it, turn back on itself.
4.1.2. [bookmark: _Toc165215750]Section 2: Moving around an obstacle.
My concerns for this section are alignment, if the alignment of the robot is too far off that of the obstacle, it could collide and confuse the solution. 
4.1.3. [bookmark: _Stage_3:_Navigating][bookmark: _Toc165215751]Section 3: Navigating a maze.
Here there are many concerns, the maze is tight and has fittings that protrude and force the robot out of alignment. Work was attempted on a method to fix the alignment of the robot after each turn, but none of the attempts had the desired results.
The final piece of code to play a sound upon the colour sensor discovering the red marker is bugged. It was not tested, but the error was found upon reflection on the code. 
The ‘if statement’ is occurring in the wrong place, it needs to be moved into the ‘repeat until’ loop at the beginning of the maze block (stack.) 
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[bookmark: _Toc165215753]Appendices
[bookmark: _Toc165215754]Appendix A: Detailed hardware review.

[bookmark: _Large_Hub][bookmark: _Toc165215755]Large Hub
The large hub is the main programmable control unit into which other pieces of hardware are connected. It features a gyro sensor built in and display screen. This piece is often at the heart of a Lego Spike Prime project [4].
[image: A white and yellow rectangular object with buttons and buttons

Description automatically generated]
[image: A white background with black text

Description automatically generated]
(Images form Lego Education Spike Prime Technical Specifications [4])
[bookmark: _Colour_Sensor][bookmark: _Toc165215756]Colour Sensor
The Technic Colour Sensor is used to detect colour, reflectivity, and ambient light. The sensor also outputs a light therefor acting as a light source [5].  
[image: A white and black cube with a cable

Description automatically generated]
[image: A black text on a white background

Description automatically generated]
(Images from Lego Education Spike Prime Technical Specifications [5])
[bookmark: _Distance_Sensor][bookmark: _Toc165215757]Distance Sensor
The Technic Distance Sensor uses ultrasonic technology to measure distance from an object or wall surface. The sensor also features a light output which is divided into four individual segments, each operable separately. The sensor can also be modified using third-party hardware [6].
[image: A white and black device with a cable

Description automatically generated]
[image: A white text on a white background

Description automatically generated]
(Images from Lego Education Spike Prime Technical Specifications [6])
[bookmark: _Force_Sensor][bookmark: _Toc165215758]Force Sensor
The Technic Force Sensor is used for detecting and measuring force applied to it. This can be useful for detecting collision or even used as a button [7]. 
[image: A white and black cube with a black handle

Description automatically generated]
[image: A close up of a logo

Description automatically generated]
(Images from Lego Education Spike Prime Technical Specifications [7])
[bookmark: _Medium_Angular_Motor][bookmark: _Toc165215759]Medium Angular Motor
The Technic Medium Angular Motor is designed as such as to function both as a motor and as a sensor. An advanced rotation sensor is integrated into the motor so it can report speed and position. The motor can also sense direct user interactions when rotated by hand [8]. 
[image: A white and blue lego block

Description automatically generated]
[image: A black text on a white background

Description automatically generated]
(Images from Lego Education Spike Prime Technical Specifications [8])
[bookmark: _Large_Angular_Motor][bookmark: _Toc165215760]Large Angular Motor
The Technic Large Angular Motor is designed much like the medium one. It also functions both as a motor and sensor. It also features the integrated advanced rotation sensor to report speed and position. User input can be sensed if the motor is rotated by hand [9].
[image: A white and blue lego block

Description automatically generated]
[image: A black text on a white background

Description automatically generated]
(Images from Lego Education Spike Prime Technical Specifications [9])

[bookmark: _Larger_Hub_Rechargeable][bookmark: _Toc165215761]Larger Hub Rechargeable Battery
The Technic Large Hub Rechargeable Battery is a lithium-ion polymer battery used to power the Large Hub and devices plugged into it. It is placed withing the Large Hub and is recharged using a micro-USB. The battery is easily accessed and can be removed without the use of any tools [10]. 
[image: A yellow box with screws

Description automatically generated]
[image: A close up of text

Description automatically generated]
(Images from Lego Education Spike Prime Technical Specifications [10])



[bookmark: _Appendix_B:_Different][bookmark: _Toc165215762]Appendix B: Different types of blocks.

Different types of blocks
· Hat blocks:
Hat blocks are used at the beginning of a programme, they are rounded to prevent blocks being attached to the top of them [13].

[image: A yellow folder with black text

Description automatically generated]             [image: A yellow box with black text

Description automatically generated]

· Stack blocks:
Stack blocks perform the main commands such as moving motors and turning on lights within a project’s programme [13].

[image: A screenshot of a computer

Description automatically generated]              [image: A purple box with white text and black text

Description automatically generated]

· C blocks:
C blocks are found in the control category, they are the loops and conditional branching blocks [13].

[image: A yellow rectangular object with white text

Description automatically generated]                    [image: A yellow rectangular object with white text

Description automatically generated]

· Reporter blocks:
Reporter blocks hold values and variables such as numbers and strings. They can also hold a sensor reading [13].
 
[image: A blue box with white text

Description automatically generated]              [image: A blue button with black text
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· Boolean blocks:
Boolean blocks are conditions that can be either ‘true’ or ‘false.’ When used with C blocks they form the logic of the programme [13].

[image: A green and white rectangular object with black text

Description automatically generated]                 [image: A green and white rectangular object with black text

Description automatically generated]

· Cap blocks:
Cap blocks are used to end a script, they are shaped with a flat edge on the bottom to prevent more blocks from being attached. Cap blocks can be found in the control category [13].

[image: A yellow folder with white text

Description automatically generated]    
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Hand on Wall Rule

Both the red line and the blue line
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(blue,) the maze is solved.





image19.png
WhenlllreceivelfiMaze =

forevers

repeat until 8 v lisfarherthani= | @) lcm = 2 or

D - (oas

) startmoving B

WEEREBIE right: 100 )

wartUntil @ yawi= langle >®

(@ betn @2 i

stop! Nallle




image20.png




image21.png
Key features + 5x5 LED matrix white display
+ Six input/output ports
* Six-axis Gyro Sensor (three-axis accelerometer and three-axis gyroscope)
+ Three-button navigation, including light interface
- Speaker
+ Connectivity to devices using USB and Bluetooth
* MicroPython operating system
+ The Hub has a Technic build geometry that allows for versatile building and easy integration into models
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Key features + Color sensing (RGB, HSV, and LEGO® colors)
+ Reflectivity sensing (for line following)
+ Ambient light sensing
+ Emission of white light
+ The sensor has a Technic build geometry that allows for versatile building and easy
integration into models
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Key features

Distance Sensor:

 Distance Sensing from 50 to 2000 mm

+ Fast distance sensing from 50 to 300 mm

+ White light output around the sensor "eyes” divided into four segments — two upper
and two lower segments

Back of the sensor (break-out):

+ Can be detached from the front of the sensor by removing two screws

+ Provides access to an 8-pin female header that allows direct and easy access to the
LPF2 system for adding third-party sensors and boards

The sensor has a Technic build geometry that allows for versatile building and easy
integration into models
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Key features + Touch sensing
« Tap sensing
+ Force sensing
+ The sensor has a Technic build geometry that allows for versatile building and
‘easy integration into models
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Key features *+ Speed sensor (measures percentage of maximum design speed)
+ Relative position in degrees
+ Absolute position in degrees (-/+ 180 degrees)
« Crosshole output on one side, rotating disc with crosshole and building interface on the other side
« The motor has a Technic build geometry that allows for versatile building and easy integration
into models
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Key features + Speed Sensor (measures percentage of maximum design speed)
+ Relative position in degrees
« Absolute position in degrees (-/+ 180 degrees)
+ Crosshole output on one side, rotating disc with Crosshole and building interface on the other side
+ The motor has a Technic build geometry that allows for versatile building and easy
integration into models
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Key features + Lithium ion polymer battery
+ 2100 mAH rechargeable battery
+ Special form factor to fit the Technic Large Hub
+ Charges inside the Hub via micro USB cable
+ Can be easily removed from the Hub without the use of tools
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