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SRP Logbook  

 

July 9th 2014  

We received notification for this year’s SRP, to plan and conduct an open ended scientific 

investigation on any science topic that may interest you including one or more experiments, plan, 

logbook and Experimental Record must be handed in. It is due on 16th July Week 4, which gives me 

around 4 weeks to prepare my investigation and complete and required experiments.  

I have started brainstorming certain experiments that may be possible for me to conduct. I am 

looking for projects that have a medium-advanced difficulty; however they should still fit limitations 

of cost, time, knowledge, etc. I have shortlisted 5 possible SRP ideas which will be rounded down to 

the best one based on a variety of factors such as difficulty, time and cost. 

 

 The most susceptible metal to rust 

 The effect of temperature on the conductivity and resistance of a wire 

 What type of fertilizer grows the best  

 Extreme temperature and its effect on growth of bacteria 

 The most efficient algorithm to solve a Rubik’s cube  

These 5 ideas have been shortlisted due to the fact that most of these topics require relatively easily 

obtainable materials and equipment, furthermore most of these experiments have a low-medium 

cost range. Additionally they are easily measurable with the time limitation we were given. Using the 

criteria I must do some background research to find which topic would fit the criteria the best. 

July 10th 2014  

I have conducted some research into each topic and summarised the information to help assist 

narrowing it down to the best project:  

 

Topic Time to conduct 
experiment  

Cost of equipment  Availability of 
equipment   

Difficulty  

The most 
susceptible metal 
to rust 
 

3 weeks $100-$150 Easy (Bunnings)  Low 

The effect of 
temperature on 
the conductivity 
and resistance of a 
wire 
 

1 day $50-$60 Medium (need dry 
ice)  

Medium  

What type of 
fertilizer grows 
the best  

4 weeks  $50-$80 Easy (Bunnings) Medium 
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Extreme 
temperature and 
its effect on 
growth of bacteria 
 

2 weeks $10  Medium (need to 
hire petri dishes 
from science labs)  

Medium  

The most efficient 
algorithm to solve 
a Rubik’s cube  
 

2 weeks  $500+ (already 
have all the parts)  

Hard (but I already 
have most of the 
parts)  

Hard  

 

As I assessed each of the topics, it became apparent that most of the projects involving growing 

bacteria, plants, etc. may take too long and may result in a rushed experiment possibly skewering 

the results. I will need to take some more time to research topics.  

 

July 11th 2014  

After researching the shortlisted brainstormed topics, I have come to the conclusion that the best 

topic to choose would be “The most efficient algorithm to solving a Rubik’s cube”. After weighing up 

the positives and negatives of the project, I have decided to choose this 

Pros 

 Advanced experiment  

 Medium to hard difficulty 

 I have previous knowledge with programing in the NXT software, as well as designing and 

constructing robots with Lego NXT  

 It is a unique topic  

 By constructing a robot, it should allow for more consistent/accurate results as it may help 

keep variables controlled.    

Cons  

 Requires a lot of time (looking at, at least 30 mins of work every night)  

 The Algorithms require to be transferred into the NXT program, which may prove difficult if 

it is incompatible 

 I need to use a computer with a high powered CPU and RAM to solve algorithms quickly.  

As I take this project further, I need to do some further research into the specifics of the 3 

algorithms that are used to solve the Rubik’s cube. I need to find the code and check if it is 

compatible with the NXT program.  
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July 13th 2014  

After doing extensive research into the topic I have found some basic information in the notation of 

the rubik’s cube. This will help identify the cubes faces, sides and rotations, therefore simplifying the 

code and allowing easier programing of the robot.  

Faces 

There are 6 faces on a cube. Each face is represented by a letter, according to where it is located. 

These faces make the most sense when you hold the cube with one face parallel to the ground and 

one face facing you, but algorithm pages will often display the cube so that you can see the front, 

right, and top faces. The six faces are: 

 F (Front) - the side facing you. 

 U (Up) - the side facing upwards. 

 R (Right) - the side facing to the right. 

 B (Back) - the side facing away from you. 

 L (Left) - the side facing to the left. 

 D (Down) - the side facing downwards. 

 

Turns 

A turn of one layer of one of the six faces of the cube is written by adding a suffix (F, U, R, B, L, and 

D) to the face's name. There are three possible turns that can be applied to a face and all moves 

should be applied as if you were looking at the face straight-on. Using the U face as an example, the 

following are possible turns: 

 U - A 90-degree clockwise turn of the U face. 

 U' - A 90-degree counter clockwise turn of the U face. 

 U2 - A 180-degree turn (either clockwise or counter clockwise) of the U face. 

Cube Rotations  

Cube rotations involve turning the entire cube. Although it does not count as a “move” it helps 

change cube perspective to shorten algorithms. The possible cube rotations, which can also be 

modified with ' (90 degree counter-clockwise) or 2 (180 degree turn clockwise or anti-clockwise) like 

a face turn are: 

 x or [r] - a rotation of the entire cube as if doing an R turn. 

 y or [u] - a rotation of the entire cube as if doing a U turn. 

 z or [f] - a rotation of the entire cube as if doing an F turn. 

Next I need to do some research into how each of the algorithms work to gain a greater 

understanding of the moves to reach the solution  
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July 14th 2014  

I have conducted extensive research into the three main algorithms that can be used to solve a 

Rubik’s cube. The Thistlethwaite, Kociemba and Korf algorithms are all computer based formulae 

that subdivide the problem into groups and simplify using a range of formulae.  

Thistlethwaite's algorithm 

 

Made by: Morwen Thistlethwaithe  

Date: 1981  

Average moves: 45 

The way the algorithm works is by restricting the positions of the cubes into groups of cube positions 

that can be solved using a certain set of moves 

Group  Description  Formula  

Group 0  This group contains all possible 

positions of the Rubik's Cube 

G0 = <L,R,F,B,U,D> 

Group 1 Positions that can be reached 

from the solved state with 

quarter turns of the left, right, 

front and back faces of the 

Rubik's Cube, but only double 

turns of the up and down 

sides. 

G1 = <L,R,F,B,U2,D2> 

Group 2 Restricted to turns that can be 

reached with only double turns 

of the front, back, up and 

down faces and quarter turns 

of the left and right faces. 

G2 = <L,R,F2,B2,U2,D2> 

 

Group 3 Positions in this group can be 

solved using only double turns 

on all sides. 

G3 = <L2,R2,F2,B2,U2,D2> 

 

Group 4  The final stage, completely 

solved  

G4 = {I} 
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Kociemba's Algorithm 

 

Made by: Herbert Kociemba 

Date: 1992  

Average moves: 20 

 

Thistlethwaite's algorithm was improved by Herbert Kociemba in 1992. He reduced the number of 

groups to only two therefore making a substantial decrease in required moves to a maximum of 29 

moves and a minimum of 19  

Group Description  Formula  

Group 0 All possible positions of the 

cube  

G0 = < L,R,F,B,U,D > 

Group 1  Split into the top half of the 

cube which uses the IDA 

formula to subdivide and solve  

G1 = <U,D,L
2
,R

2
, F

2
,B

2
> 

 

Group 2 Split into the bottom half of the 

cube which uses the IDA 

formula to subdivide and solve 

G2 = <L2,R2,F2,B2,U2,D2> 
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Korf's Algorithm 

 

Made by: Richard Korf 

Date: 1997  

Average moves: under 20 

 

Korf’s algorithm is based on the works of Kociemba’s algorithm in terms of splitting the cube into 

subgroups. However he simplified it down to a mere 2 groups using the IDA* code. The IDA code is a 

general search algorithm that simplifies the steps required to travel from the root to the solution 

using a complex code called the Psuedocode. First he identified a number of sub problems that are 

small enough to be solved optimally:  

1. The cube restricted to only the corners, not looking at the edges 

2. The cube restricted to only 6 edges, not looking at the corners or at the other edges. 

3. The cube restricted to the other 6 edges. 

 

I must do some further research into the actual robot, and how I am going to construct it, hopefully I 

can add find some instructions for it.  
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July 15th 2014  

The Lego robotics rubik’s cube solver will need a range of motors and sensors to work properly. The 

LEGO Mindstorms NXT is a programmable robotics kit released by LEGO in late July 2006, it comes 

with: 

 1 NXT processor brick 

 3 servo motors  

 1 colour sensor 

 1 ultrasonic sensor 

 2 touch sensors 

A Rubik’s cube solver will need to use colour sensors to detect the colours and transfer the data to 

the central NXT brick, where it is solved.  Then the solution needs to be translated into actions for 

the servo motors to turn the cube and twist layers. Once the basic functions of the motors are 

programed, it should be relatively easy to swap out the programing with each algorithm.  

July 18th 2014  

After looking further into possible designs for the robot, I have found a robot online made by “Hans 

Anderson” that I could use to inspire my robot. It comes with general instructions on how to 

construct the robot and demos of how it will work.  

 

http://www.youtube.com/watch?v=5fAn5A0HbhU 

 

Tilted Twister solves Rubik's cube fully automatically. By placing a scrambled cube on Tilted Twister's 

turntable, an ultrasonic sensor detects its presence and starts to read the colors of the cube faces 

using a light sensor. The robot turns and tilts the cube in order to read all the faces. It then calculates 

a solution and executes the moves by turning, tilting and twisting the cube. The cube’s turntable is 

tilted to overcome the issue of limited servo motors available in one NXT set.  

 

Performance 

 Scanning the cube: 1 minute 

 Calculating a solution: 20 - 40 seconds 

 Executing the moves: 1 - 5 minutes. Average 4.5 minutes (60 face turns) 

 Average total time: 6 minutes 
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Although the design seems adequate for the task, the programming is limited by the low computing 

power of the NXT block. I will need to adapt the program myself and connect the robot to a PC to 

complete the other algorithms.  

 

July 19th 2014  

I have begun construction on the robot completing the turntable attachment, light sensor arm and 

flipping mechanism. Only the robot base and other small adjustments must be made for the robot to 

be complete and allowing me to start the programing. 
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July 20th 2014  

I have completed construction of the Rubik’s cube solver and tested it out using the present program 

found online. On average it solves the cube in approximately 60 moves; however, once connected to 

the PC it will be capable of completing heuristic algorithms, allowing me to program the code from 

the specific algorithms.  

 

The robot itself takes about 30 seconds to scan, 30 secs to calculate and about 4-5 minutes to solve 

the cube. However unfortunately there seems to be a constant issue with the flipping arm. The 

power is sometimes inconsistent due to the crossbeams blocking it. Therefore it often knocks the 

cube forward of the turntable or fails to flip the cube making it jam. This can be alleviated with 

assistance by hand arranging the cube quickly in between moves. However this may make the 

results invalid and must be fixed. Possible fixes might include:  

 Experimenting with arm flip design  

 Changing power values of the motor 

 Changing the whole layout of the robot 
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July 21st 2014  

After testing and altering the design several times to try and eliminate the problem regarding 

flipping the cube, I have not been able to reach a solution by altering the programing or changing the 

mechanism. This can alter the results and therefore to maintain a consistent and reliable experiment 

I must fix the problem before continuing with the experiment. I have decided to change the whole 

design of the robot. 

 

https://www.youtube.com/watch?v=ff7UXMzGDK0  

 

By taking inspiration from that design, I should be able to reduce the factor of the cube falling out 

due to the tilt and hopefully make the robot more consistent. I will begin construction of the V2 

design today and hopefully have it finished in 2 days otherwise due to the fact I am running out of 

time, I still have to do the programing to adapt the algorithm.  

 

July 23rd 2014  

I have just completed V2 of the robot and from current testing it seems to be working fine. With the 

horizontal design, it has reduced the problem of the cube falling of the turntable significantly. 

However the new design required me to purchase a couple of additional Lego pieces it was worth it 

in the end, yielding a much more reliable sturdy and generally quicker robot. I must now start 

adapting the code to the program  
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July 24th 2014  

I have just completed the basic nodes in the programming that will form the basis of the program 

string when each sub solution is formed incorporating the Hans Anderson NXT file. This helps 

immensely as the root program forms the basis of all the 3 programs and can be used as a template, 

therefore, all I need to do is get the code and adapt it to NXT, then input into the template. 
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July 25th 2014  

I have now just finished up with the programming 

of the Thistlethwaite and Kociemba algorithms and 

finished the coding. I have tested both programs 

and they seem to be working fine, however the 

robot requires to be connected to a PC via 

Bluetooth or cable to access more operating 

power to complete the heuristic algorithms.  

 

 

 

July 25th 2014  

The final programing of the Korf algorithm is now complete and is working fine after doing some 

testing. Now that all 3 NXT files are complete with each separate algorithm, I can begin testing and 

gathering results. Due to the large file size of each program, I cannot load up more than 1 program 

at a time due to size limitations which means after each test I will have to upload it manually.  

 

July 28th 2014  

I have just started preparing all the files and tests for the experiment, I have 3 sets of fully charged 

batteries ready to use in the robot and should hopefully not run into many issues during the 

experiment. The Korf algorithm requires me to attach the robot to the computer and run an open 

ended java application to solve algorithms, but other than that, the other algorithms only require a 

connection via Bluetooth. I will be following this method of the experiment:  

 

Conducting the experiment  

1. Ensure the 6 AA batteries are fully charged and inserted into the NXT brick 

2. Scramble the brick into the exact pre-assigned position   

3. Place the Rubik’s cube onto the turntable 

4. Turn on the Robot and launch the executable program file 

5. Start the timer as soon as a “beep” sounds before the scanning 

6. Record the amount of moves taken to solve the cube 

7. Stop the timer on the second “beep”  

8. Repeat the experiment on the same algorithm 3 times to ensure consistency 

9. Repeat steps 1-7 for the Kochiemba and Korf algorithms 

10. Record all results and arrange into a table 
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July 29th 2014  

I finished my experiment yesterday and put all the data into tables and graphs. The experiment ran 

smoothly and seamlessly with minimal problems. However slight changes had to be made to 

increase the sensitivity of the colour sensor as it was giving false readings. The experiment took 

about 1 hour to complete in total due to testing each individual algorithm 3 times each.  Today, I 

need to make an analysis of the data and write a discussion based on my findings. This will include 

talking about explaining observations whilst doing the experiment, discussing validity, reliability & 

accuracy, limitations of the experiment and finally real life applications of the findings. 

Thistlewaite Algorithm  

Test number Number of moves Time taken  

Test  #1 45 3:56 

Test #2 40 3:45 

Test #3 40 3:43 

 

Kociemba Algorithm  

Test number Number of moves Time taken  

Test #1  29 2:35 

Test #2 25 2:26 

Test #3 29 2:35 

Korf Algorithm  

Test number Number of moves Time taken  

Test #1 20 2:05 

Test #2 20 2:05 

Test #3 20 2:05 

 

Summary  

Algorithm Average Number of moves Average Time taken  

Thistlewaite  42 3:48 

Kociemba 28 2.32 

Korf 20 2:05 

 

 

August 1st 2014 

I have just finished the discussion and conclusion, based on the findings of the experiment. In the 

discussion I explained the results such as what I observed in the experiment and why. Moreover, I 

addressed the validity of the tests and how the experiment answered the aim of the experiment 

with specific examples.  Additionally, I discussed the overall reliability of the how the experiment 

was conducted such as how, variables were meticulously controlled to ensure a fair test and how I 

could improve this if it was done in the future.  Furthermore, I assessed and discussed the level of 
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accuracy that was upheld when completing the experiment, encompassing how precise were your 

measurements and observations were, effect of human error and improvements to the accuracy. I 

also discussed the three main limitations I faced when conducting the SRP (time, cost and 

equipment/software), how it may have hindered the result and how it was dealt with. Finally, I 

proved how even despite the specific nature of the experiment to a puzzle, how the fundamental 

code can still be applied to society in various forms such as apps or search engines.  

 

August 3st 2014 

After 4 weeks of constant work on designing, developing, constructing and programing, I have finally 

reached a conclusion based on which of three important algorithms are the most efficient to solving 

a standard 3x3 Rubik’s cube. The investigation has led to a multitude of testing to receive a result 

from a fair test, requiring many changes to design and programing, as well as compromises due to 

many limitations. Overall, I am happy with the result of my experiment and report, however if I were 

to recreate the experiment in the future, I would want to:  

 Try with different sized Rubik’s cubes 

 Experiment to find how fast the robot could solve the cube (increasing speed of motors)  

 Re-attempt without cost, time and equipment/software limitations 

 

 


