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1 Introduction

The goal is to design and build a robot using the Lego Spike Prime set to navigate
a maze. This requires identifying potential obstacles and developing strategies to




overcome them, including selecting appropriate comts and programming
the robot effectively. Robotics fosters creativity, critical thinking, and problem-
solving skills [1], playing a significant role in improving efficiency, safety, and
sustainability[2]. It combines knowledge from physics, mathematics, computer
science, and engineering[3].

2 l|dentifying Obstacles
Y

2.1 Line

Therobot's first challenge is following a line to the maze entrance. A colour sensor
[4] can be programmed to detect colour to adjust its movements [5] or respond to
light variations to guide the robot [6].

2.2 Obstacle

The robot must detect obstacles and resume its path after bypassing them. Two
sensors can be used: a Force Sensor [4] that activates upon being pressed [7],
and a distance sensor [4] that detects walls or objects and helps the robot
navigate [8].

2.3 Maze

To navigate the maze, the robot must be able to detect a wall from a distance,
and adjust its direction, accordingly, continuing its path until it reaches the end of
the maze. A suitable sensor for this task is the distance sensor [4]. The distance
sensor operates using ultrasonic waves [8], featuring two components: one that
emits a ultrasonic sound, while the other receive them [8]. By measuring the time
taken for the sound to return, allowing the sensor calculate the distance from a
wall ahead [8].

The robot's navigation strategy could follow the “Right then Left” rule [9]. In the
robot's programming, this rule dictates that the robot will proceed forward until it
detects an obstacle [9]. Upon detecting an obstacle[9], the robot records the
distance to the nearest obstacle on the right and on the left [9]. If the right-side is
farther away the robot will turn right [9]; alternatively, if the left-side obstacle is
farther away the robot will turn left[9].

3 Hardware and Programming

3.1 Hardware

The robot base must be stable and support multiple sensors. The central hub [4]
connects all components , communicates with the computer [10], and runs the
program [10]. Motors will be used to power the wheels, while connectors [4] and




clips [4] hold the components together. At least three wheels should ensure
stability.

3.2 Programming

The program controls motor speeds and positions. Conditional statements [11]
allow the robot to respond to sensor inputs, and loops [11] help it continuously
monitor its environment. For example, the distance sensor repeatedly checks
distances, prompting adjustments when necessary.

4 Project Plan

Figure 1: Test run, the Maze program

The obstacles identified moulded the robot's hardware and programming
decisions.

For line detection, the team chose colour detection over light intensity due to
inaccuracies with surface reflection and material. This method offers flexibility,
allowing for easy adjustments based on the colour detected [7]. Testing this alone
took approximately 3 hours.

For obstacle detection, the team selected a Distance Sensor [4] o 28 Force
Sensor [4] to reduce size and weight. The sensor performs both obstacle
detection and maze navigation. Testing this alone took approximately 5 hours.

For the maze, when a wall is detected, the distance sensor prompts the motors
to turn toward the farthest obstacle. The robot makes 90-degree turns to avoid
obstacles. This process alone took approximately 8 hours.




5 Design

5.1 Hardware

Figure 3: Final Robot Design using the Base 3 Mode/

The team initially attempted to use the Advanced Driving Base [12] (Figure 2)
from the Lego Spike Prime set , but encountered issues with wheel size and

missing parts. As a result, they switched to a simpler Base 3 model [13] (Figure
3.

The sensors were placed at the front of the robot to detect direction and trigger
the appropriate program for obstacle navigation. The colour sensor [4] was
positioned in line with the wheel for optimal detection.




Wheels [4] were placed on either side of the hub[4], and a stabilizer [4] at the
front helps support the sensor's weight, maintain balance, and ensure smooth
rotation. Motors [4] are used to rotate the wheels [4], while another motor controls
the movement of the distance sensor [4]. Various clips, connectors [4], and long
strips [4] were used to attach the components and create the robot's structural
frame.

Figure 4: The underneath of the final Robot design

5.2 Program
5.2.1 When Program Starts

Figure 5: Start of Program Screenshot

This code initializes the motors for use. Upon starting the program, motors C and
D, which control the wheels, are set to a speed of 30%. A loop is then activated
with the condition that the distance sensor [4], connected to socket A, must detect
a distance of exactly 5 cm from a wall. Once this condition is met, the program
will activate the "Move Around" program. Until the distance sensor [4] detects this
specific 5 cm distance, the robot will continue executing the "Follow Line"
program.




5.2.2 Define Follow Line

define follow line [ = -
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Figure 6: Follow Line Program Screenshot

The "follow line" definition is created to simplify the code. It sets specific
parameters for the robot's movement: when the colour sensor detects blue, the
robot will move right: 50; when it does not detect blue, the robot will move left:-
50. This if statement causes the robot to continuously switch between moving left
and right, allowing it to follow the line.

5.2.3 Define Object Detector

define  Object Detector
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Figure 7: Object Detector Program Screenshot

The "Object Detector" program uses the distance sensor to check if the condition
"farther than 5 cm" has been met in order to break the loop. Until this condition is
satisfied, the robot will perform the following sequence: it will rotate motor C for
one full rotation, move forward 15 cm, and then rotate motor C for another one
rotation to return to its original facing position. This process allows the robot to
recheck the distance and determine if the object it previously detected is still an
issue.




5.2.4 Define Move Around

define  Move Around
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Figure 8: Move Around Program Screenshot

When this defined program is activated, the robot will produce a sound and
display the number 1 on the Hub. The robot will then stop moving and begin
running the "Object Detector" program. Once the condition in the "Object
Detector" program is met and the loop is stopped, the robot will move forward 15
cm and then rotate motor C for one rotation. This allows the distance sensor [4]
to recheck if there is still an obstacle. If an obstacle is detected, the "Object
Detector" loop will run again until the condition is met.

Once the condition in the "Object Detector" program is satisfied, the robot will
move forward until the colour sensor detects blue. It will then switch to the "Follow
Line" program and continue until the colour sensor detects green. At that point,
the robot will stop moving and begin executing the "Maze" program.




5.2.5 Define Maze

define  maze
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Figure 9: Maze Program Screenshot

When this defined program is activated, the robot will produce a sound and
display the number 2 on the HWB. The robot will then begin moving forward until
it detects the colour red, which will stop its movement. Within this loop, there are
nested if statements. The first checks if the distance sensor detects a wall exactly
3.2 cm away; if true, the robot will stop and rotate motor F (with the attached
distance sensor [4]) 90 degrees.

The next nested if statement checks whether the distance sensor [4] (socket A,
motor F) is farther than 10 cm. If this condition is met, motor F will turn right,
repositioning the sensor and allowing it to check the distance. The robot will then
execute the defined "left" program if itis further than 10cm. If the distance sensor
is closer than 10 cm, the robot will instead run the defined "right” program.




5.2.6 Define Left

Figure 10: Left Definition Program Screenshot

The "Left" program is used within the maze navigation routine. When activated,
the program will wait for 1 second, then move motors C and D left: -100 for 0.5
rotations. After completing the movement, the robot will stop and wait for another
second.

5.2.7 Define Right

Figure 11: Right Definition Program Screenshot

The "Right" program is also used within the maze navigation routine. When
activated, it will wait for 1 second, then move motors C and D right:100 for 0.5
rotations. After this movement, the robot will stop and wait for another second.




6 Evaluation

Figure 12: Robot Navigating the Final Maze

The robot successfully navigated the line and obstacle, encountering only one
issue. During one of the turns, the distance sensor "eye" that ultrasonic waves [8]
detected it was clear, while the other “eye”, along with the rest of the robot, was
obstructed. As a result, the robot became stuck and required manual intervention.
This could have been avoided by either reducing the distance between each
sensor check or increasing the coverage of each check.

At the start of the maze, the robot got stuck on the tape holding the ramp in place.
This could have been prevented by using a stronger adhesive or a more
structurally stable ramp. While the maze was navigated successfully, the robot
struggled with oversteering on the 90-degree turns, meaning it was an inaccurate
90 degree. This caused the robot to move at a slight angle rather than directly
forward, resulting in collisions with the wall. Reducing the turn angles and speed
of the motors C and D could have minimized this issue.
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8 Appendices

Starting Program Flowchart

Set movement Motors to C &D
Set Movement to 30%

If Distance sensor == Sem




Object Detector Flowchart

<If Distance Sensor >= 5c,

[Run motor C left for 1
rotation
Move forward for
15cm
Run mator C right for
1 rotation




Follow line Flowchart

If Colour Sensor == Blue

Start moving Right:50

Start moving Left:-50




Maze Flowchart First Half

Display Light"1"

Produce sound
"Meow"

If Colour Sensor == Red

Start moving forward

if Distance sensor == 3.5¢cm No Stop Moving




Maze Flowchart Second Half

Yes
Stop Moving

Rotate motor F left:
90 degrees

Rotate motor F right:
90 degrees

Rotate motor F right:
90 degrees




Move Around Flowchart First Half

Display Light "1"
Produce sound
"Meow"
Stop Moving

Move forward 15cm

Rotate motor C

backward for 1
rotation




Move Around Flowchart Second Half

If Colour Sensor == Blue

Yes
If Colour Sensor == Green
No




Left and Right Flowchart

wait 1 second

—

——t

Move Left: -100 for
0.5 rotation
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wait 1 second
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Move night: 100 for
0.5 rotation
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FINAL GRADE GENERAL COMMENTS

/100

PAGE 1
PAGE 2
. Comment1 | &£ Transferable Skills(15)
A clear ToC provided
PAGE 3
’ Comment2 | = Transferable Skills(15)
The introduction covers the aims and educational relevance well.
, Comment3 | = Transferable Skills(15)
Task delegation and leadership in a specific stage could be clearly stated.
PAGE 4
. Comment4 | & Engagement with Literature(15)
including a mix of references—LEGO docs, tutorials, and even some scholarly-style sources is
commendable
. Comment5 | = Knowledge andUnderstanding(40)
there is no much discussion of logic complexity or sensor calibration challenges.
PAGE 5
PAGE 6
PAGE 7
PAGE 8
PAGE 9
PAGE 10
’ Comment6 | = Knowledge andUnderstanding(40)

personal contribution is not clearly highlighted.



PAGE 11

. Comment7 | = Cognitive and Intellectual(30)

real issues encountered during the demo and attempts thoughtful analysis of causes

PAGE 12

PAGE 13

PAGE 14

. Comment8 | = Cognitive and Intellectual(30)

clear screenshots of Word blocks and flowcharts, effectively explain the modular structure of
the robot's logic.

PAGE 15

PAGE 16

PAGE 17

PAGE 18

PAGE 19

PAGE 20

PAGE 21
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