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Abstract
The objective of this project is to show unit quaternion on the surface of a unit sphere

environment/scene and to determine whether it can be done in a way that does represent it in
a manner that useful. The methods used throughout this project are a literature review to
analyse how to portray 3d information to give it correct context of the 3 dimensional objects.
Analyse of how others have visualised unit quaternions or how others use unit quaternions to
represent data in their papers. The project did show different ways to visualize unit
quaternions but whether the representation is accurately portrayed is partially down the user
of the program to deem usefulness. The method for developing the software was agile which
allowed parts of the program to be isolated and tested before being used as one single
program. The project does conclude that the representation of the unit quaternions on the
surface of a unit sphere is accurate but there is room for improvement in the form of features
that were not implemented. The recommend future works which include adding the features
that were system requirements show greater ability to compare this version of the projects

visualizations to splines and quaternion calculations.




Contents

o 7 g s PP 2
ATV E DI CRIGNN: 25355 mmsmnsrss sansssressnssnssn srnssnranssnnsnse sassnnssannnnses anssnnss snssessinasnnrannisiai dnssrnmannsniisibe s nmranssna 5
e e RN - c-coccess soceissnnannsnnns ssnnssssnassasnnssssssssanississsnsrasssaasi tns sonsnnnss 60 Ani snnansrnai i dini s n Sannaria 5
Lo L4 PSP — 5
INF At ION R PIESENEATION rrrrresissiansrsrsnsssssnsnssesssssssaenssnsnn ssss sars passssnanssss sas s ERsRRERRES SRSS HERTFRERRRSS 6
LT L S — 8

L8 L 1=y 1T RSO PRSPRROOE 9
L= YT = SO PSP 9

L8 U= =y TSSOSO 10
R L L TN diaiaani iosssossiaiiosans siios iidioiatasssoions aisieoid SEs0ohiniaanioi] SPaRsARRS T HERIF IR REGEELE 1T HTRII i oRbRRETE 12
I S R DG S 55500 diiiaanei oissossiaiinsass biesss oieaoiatansimionssaisieoid SEs00RIRRRRISIPI SERREARRS T HERIF IR RRECEEIERTTHTRII I oRERBERE 12
Rotations Calculations ... i s e et 13
Fixed and Moving ROTTIONS .....cviiiiiiiiiiiiieis et s e s sba s s s 13

I BRI TR N OIS - ocos cssssnsesrsnss srosrsrsnssnsnnssissssraesnsesss sessress sassidnss Fosssransi s ned e ssmnssenssseasiismrnnss 13

(B 1 E 10T T, [ [ SN U M S 15
NV e5 AN SDINBS: x5 5i:505555m55ssmssssrarsnasssnssssrsssssnsssnsss sararsss ssiessbirsnssnsan iahiini srssnssnanisinii nnnssass 17
BINCF A T EDMERON - cossssess ssrerissssesssrsssrasssssasssessassssssssrassesssi snsronsn i siisse Frsmssnss i sRbssainrasnera BR R RR TR AT r e s 17
RO DA IS5 s smssresrassssrsssssssses srssesransesssnnssssonssresasisss sossrass s aseidess Fosssrasn it snei Sissnnssran R it i s r e 18

S DN ISIOMN: 125555 wmsmrenrassssssssnsssss srasesransessnnesssonssresassss sassrass s sasisess Fossnrassiinei sissnsssransnaisiissmrrsne 19

IV T OO GRS 15550535 sssssnzsssssssasnsssnsssa sszinsasnsnasnnassssnsssvanisnsss sansassnanisiases sunnvsns i siai ssrassssanianiiits arssasn 19
DeslenyS: IMpIRNEALI O iz ss:0::0555smms55m sszsssssssnssnnassssnsssranssnass sasassvanissssss ssnsvsnsisini ssrassssanianiiiis arssase 20
AR SC N S A O, czxnacesz sscoisinsnnnnsss sinssassnunnnins s ssansssnsnnnss Sansnnins sinaiais anpsrans i nies sinransssntitaiss innnsanss 21
Y=l e 4 1o [ €= 4o OSSPSR 23
B == o OSSPSR 24
FOUMR EEIATION o eivivsticr i e s e st s e as s s e s a s as s be s b enn e an s naas 24
FAPE R BP0 0350004000500 000i00a piaiaisisassidsissbisnictissassd sisseisss aisiased sasusciand 1141000 EEa0808 61 1RIRIE FobibEEIS 24
Tba €= =1 USSP 25
SEVENTR ITEIALION wviviiicr i e s e e e e e s e nae 26
FINAl VU EITACE sississassisarssesssassissas sisssisssasassiassosssnissionsss Hisssns arosised seiassiand 1501000 E0a0Eb001 1RIRI1 PORLIBIRS 27
LT T | T S S — 27
Conclusion & RecommMendations. ........coree e ceeereceecrsmenen s cese s memssmn s s s e mmsmnmmn s c s s s ememns 27
R e CE MO oo 25 5essssesmsnes sesssnssnnsnnsss soesss rrnsnesnss sesssssrasntnses Srns sress s ses i e sosnasnns i ERRs SR SR rasmaran e s ReR iR o ranans 29
R D MG - s <5 essssesnssnes sessnssnnnsnnsss soesss Frnssesnss sosssssrasntnses Srns soess o ses i e Fosnasnns s £RRsSE SRR aran e s ReRE AR T ranans 30




BN NG BT AN = s55 o555 ssssansssssssssasnsssasans sossnsssannnsansens snnsrsss sases sHEFREETE R 144533 EETRERTES 143541 R REEERERE R REF 11 RAECSE 31

F 1] 1T | U —— 33
s B IR G I B I R IV LS ccssnssn sisnriasnnsnssns srasnsrannanass snarasssrasnnnssd Soonnans FEEEE 404 FRsRRERERI SR04 RESERFRETRERI RERIE AR FRSED 33
S TN R U E TV ITES didassiioiianacsss ioosssininiansoioiooossii ins Sio0iaossiiois it sosioinss i oiei i HAossiononsi ain i sanie 34




Introduction

The project is about showing different ways to portray unit quaternions on a unit sphere and
how with the overall goal of showing how unit quaternions data is seen on unit sphere in a

variety of ways to allow any user to understand unit quaternions.

The Literature review goes into how 3 dimensional information affect how it is seen by anyone
viewing it and ways to make it believable also how unit quaternions have been viewed in work

done before this project and also various other ways.

The methodology explains quickly what methodology was used for this project and why it is

most suited to it,

The design and implementation explains the steps of creating the program and how certain

iterations went well and others did not and also why they did not.

Literature Review

Introduction

In order to understand the problem of visualizing unit quaternion to objects in 3 dimensional
space or a unit sphere. There must be a understanding of how unit quaternions are portrayed
and used in current fields which unit quaternions are not the aspect being visualized but are

affecting how the objects is being represented in a rotational and positional sense.

Quaternions and by relation unit quaternions are a slightly confusing thing to understand and

visualize due to the hyper complex nature and are normal used to represent rotation. These




rotations are different from other forms of representing rotations but are used in similar

algorithms like splines.

Information Representation
The presentation of data is often more important than the data itself, the data can be
represented without colour and presented with data which does not contribute to the point

that is being put across.

(a) b) (©)

Figures (1) [1]

(a) b (©)

Figures(2) [1]

The pictures above are the same picture where one is from the paper as it normally is and the
other is a black and white copy. The ability of the reader to understand what the paper is

trying to put across is largely lost in the black and white copy due to the black and white




object information does not show the lines representing the faces of the object, the loss of
the face data of the object being showed is the worst loss of data because the information
telling the reader where that individual part of the object is going is lost, which means when
the object crosses over itself it is almost impossible for the reader to tell how the shape

actually looks.

In information visualization chapter 4 representation section called colour puts some great
reasoning of when to use colour and that the decision of colour has to be chosen not just
scaled from colour red to pink divided by the amount of the colour because the person looking
at that visualization will not be able to tell the difference between the objects because the
strength of the colour is not different enough to be able to see the individual objects as
separate elements and that if elements are interacting with each other as in the in workings of
a clock, the person would see different gears and leavers interacting but is each gear and lever
had different colour so that if you looked at a certain location within the clock the person

could understand which gear it is because of the location of the colour.

Figure(3) [2)

There is also a point of too much information to a scenario as figure 3 shows a set of inter
connected node some send others receive aid during an emergency but not all of the nodes

connect to each other in that is the problem with the diagram with first glance look at the




diagram the reader would think that the nodes are all linked but the reader should not, in the

book information visualization the section shows that this diagram and others[2].

Figure (4) [2]

The other diagrams as shown in figure 4 are easier to understand and show that there is no
connection between the separate nodes, making any information to do with the separate
section of nodes do not affect each other. The point of the diagrams is to point out that there
is no chance of supplies from each diagram arriving at the other diagrams nodes while figure 3

diagram which would take a time to find out when looking at it.

Projection

When most computer programs are made the understanding of the scene that wants to be
shown can be 2 dimensional for data like graphs which show one set of data interacts and
affects the other set of data but when it comes to 3 dimensional data there is normal extra
data in colour being affected due to its position to a light source. in information visualization
chapter on dimensional data the 2 dimensional data is separated through colour but the 3
dimensional data is seen to have the same shadowing being done to each sphere but the

shadow size on the sphere which gives across the information that a person would see in their




daily lives and can understand the proximity to the object even though the distance is almost
equal for each representation of the shape to the person viewing the object. [2]The most

important data that is made through projection is the way the shapes are changed depending
on location to the camera and the screen goes from detailing the objects as if the objects are
all the same distance away to varying distances, the alteration to the shape is what creates as

sense of depth in a 2 dimensional environment.

Orientation
Orientation and rotation are ways to define between the action and the result of the action,
where by when you rotate you change from orientation to another orientation and rotation is

the only way to change the orientation of the object. [3]

Euler Angles

Euler angles have set of three rotations that will be acted upon at least 2 axis of x y and z and
are stored in triplet, for each individual rotation it will only be done around only one axis and is
simple represented as a roll around that individual axis at that time. Euler angles do suffer
from a problem known as gimbal lock whereby through rotations 2 axis line up which means
one degree of freedom is lost and that 2 axis rotations will cause the same affect, meaning that
to rotate in 3 dimensions 1 of the set rotations in the will have to affect multiple axis to cause

the rotation. [4]




Quaternion

Quaternions are viewed in many ways, the least likely one to visualize is the four dimensional
vector space of R* and most software which states that it is showing the fourth dimensional
aspect of quaternions are normally showing a unit quaternion affecting an object or a unit

quaternion with relation to a unit sphere.

The discovery of quaternions was done by a man named Sir William Rowan Hamilton who was

at the time trying to extend complex numbers from:

a+bi

to

a+bi+cj

As in the complex numbers the character where i is the imaginary part so is j and it would also
equal square root of minus 1, this part of complex numbers is known as the imaginary because
square root of any number is positive since the number times itself is positive and so no square

rooted number can ever exist normally.

Hamilton realised one day when walking day on the his way to Royal Irish Academy, that the

imaginary part of the equation was not

Bi+gj

But actually

Bi+cj+dk

There was also a cycle pattern between each imaginary part, thatis seen asi*j =k, j*k=1and
k*1 = but reversed cycle pattern k*j =-1, j*I=-kand i*k = -.

10




Quaternions have 2 common representations which are
Q = a +bi+cij+dk

And also

(5v)

Sis the real number and a scalar value and v is the imaginary part stored in a 3 dimensional

vector form (1,j,k).

Quaternion does also have different ways of calculating

Multiplication

This is the shorter version of quaternion multiplication and better shown through expanding it

down to individual calculations

Q1Q: = ((wywy — 119 — Y1y — 2129)4
(M120 — Yazy + wyTg + Wy )i+t
(T22) — xy29 + Wiy + way ) j+
(T1y2 = T2ty + w120 + wazy ) k)

The only difference in the representation is that the scalar value is stored in the w instead of s.

Conjugate

Q=w-—-v

11




Magnitude

QI = Q@
=Q'Q

—w4+v-v

The magnitude is one of the ways to get the length of a quaternion.

Division normally called Inverse

]
() = —0"
=1

Unit quaternion

Unit quaternion is like normalized vector and is calculated in a similar manner since the same
steps are followed. Times each part of the equation by itself and add them all together and
you get the length of vector or quaternion now if you divide each part of the quaternion by the

length you will get the unit quaternion which is the same e for vectors.

Unit sphere

Unit sphere is representational of 3 Dimensional surface this because the unit sphere does not
represent a sphere in 3 Dimensional sphere but the surface of a R* hypersphere. This is useful
for showing a unit quaternion since the radius of unit sphere is length of 1 and a unit
quaternion is a quaternion of length 1 and that it can never exceed the boundaries of the unit

sphere.

12




Rotations Calculations
Rotations calculation and by extension guaternion calculations have a well-known operation
difference when compared to normal mathematical calculations since they are non-

commutative which means that quaternion gl times q2 does not equal g2 times g1.

This is important when it comes to quaternions and is something that causes complete

different result than what is intended.

Fixed and Moving Rotations
There are 2 ways to apply rotations to an object in graphics scene, fixed is when rotations are
done arou8nd the origin of the world and moving is when the objects origin is rotated and

doesn’t affect the other objects in the scene.

Neural Networks

The neural network that use quaternions is based around joint restrictions where by a set of
quaternions are inputted into individual nodes and then the nodes go through training that is
represented as a quaternion and then output quaternion is compared against the training

quaternion to see if the input guaternions have been changed correctly([4].

The representation of the quaternion data in Evolved Neural Network Approximation of
discontinuous vector fields in unit quaternions space (53} for anatomical joint constraint by

Glenn Llewellyn Jenkins

13




[4]this picture represents quaternions before and after being trained by a neural network. It

shows the quaternion points being brought close or completely into the unit sphere.

The picture given with context makes sense and shows that yes the neural network does bring
most of the quaternions closer to the unit sphere but the element of the unit sphere the 3
Dimension data is hard to understand and not obvious to the reader, and this is mainly
because there is no way to tell if the object is 3 except for the axis of the centre of the sphere

which is partly obscured by the vector lines that show the change of quaternion position.

The diagram also does not show the scalar part of quaternion just the vector data as the points

and also there is way to identify that the points that are be changed 3 dimensions.

Another figure from the same work shows the clustering of the of the quaternions also within
a unit sphere but has a problem could be avoided by doing what the first figure did and show
another perspective because this would show that the points are actually clumped together
also what could of showed the grouping to be more easily believed is by colouring the points

on their distance away from the centre of the unit sphere itself this would have provided the

14




viewer of the information context to the relationship between the points and the centre of the

sphere.

Another problem with the second picture is that even though the viewer knows the data is
given colour based upon its chance for being wrong, there is no way to tell the actual location
of the square point. This means for the work that is being done the person trying to
understand whether the chance for error has relation depending on certain layers of the

sphere, or in a certain cone area of the sphere[4].

Character Motion
In the dissertation Exploiting Quaternions to Support Expressive Interactive Character Motion

by Michael Patrick Johnson the paper is about character motion and looks into creating an

15




interactive engine that will have a middle ground between invers kinematics wide range of
interaction and quality of animated or motion capture quality of realism being the lack of jerky
actions which are known in inverse kinematics. The engine that is put forward use of

quaternions to store the rotational data because of its computational capabilities.

Figure 7-3: The slime algorithm linearly blends the tangent vector description (yellow
vectors) of the geodesics (red great circles) of the examples (green spheres). As an example,
the orange vector is an arbitrary weighted blend of the three example vectors. This blend
is actually specifying a particular different geodesic through the reference point — the
orange great circle. By integrating this blended angular velocity forward unit time from the
reference (using the exponential). we get the blended quaternion (orange sphere).

The images above with its description give a great deal of information firstly the description
tells you what each line and object represent. This is also improved by how the lines that rap
around the sphere change colour once they are obscured by the sphere itself but are still
visible because the sphere is transparent would be similar to looking through stained glass.
With the glass effect it allows the viewer to understand the quaternion curve going around the
sphere even though the red and yellow lines look the same when looking through the sphere

itself the way the way the lines meet allows the viewer of the information to determine which

16




line is showing the quaternion curve. From this cleaver use of visualizing 3 dimensions there is
no loss in understanding with what is being shown in comparison to the neural network

figures.

Curves and splines

Splines and curves that use unit quaternions where by the control point s for the splines are
placed upon a sphere which in some papers [5S]where the sphere is in r* and the quaternions
are used as control points for splines like Bezier and b spline in which they interpolate
between the quaternion points on the 2d surface of the sphere. Interpolation across a curve
has a problem of angular acceleration which causes the amount of points towards the centre
of the curve to be less because of the acceleration [6]. Curves are also used for animating
objects and in where by the algorithm known as Slerp is use to change the scene which is very
similar to splines that use control points but with Slerp the there is only to points to
interpolate in-between because Slerp is based of linear interpolation and forces the lines
points to the surface of the sphere but this would also suffer from acceleration problems
because the amount the points are changed is greater depending on how far the points are
away from the start and end points which are on the sphere.[7]

Even though in the paper Fast Construction of Accurate Quaternion Splines uses quaternions
instead of unit quaternions, the quaternions could be normalised so the rotation can be
compared with no magnitude. Also that rotational data could be compared to curves which are

made from quaternion Slerp and quaternion curves.

Aircraft Control
Most uses of quaternions in aircraft control papers, use dual unit quaternions which can be

understood as one unit quaternion represents the rotation of the aircraft to some normal

17




orientation and another unit quaternion controls the positioning of the aircraft

itself(8](9](10](11].

The representation of the aircrafts in flight is seen as a spiral but normally has not axis showing
how the aircraft changes as it goes along the path being shown in a 3 dimension view . The 3
dimensional visualization of the aircraft is shown be having axis surround the spiral to give

context to the aircrafts movement in the 3 dimensional space.

One paper [11]show how a set of quadrotors used dual quaternions to store position and
rotation like the other papers to do with aircraft but also pass the information to each
quadrotor which then changes its own rotation and position to keep with the quadrotor and
the layout of the quadrotor is shown as a tree of nodes and resembles an aircraft flying

formation.

Dual unit quaternions do have a different way of calculating each other and are not done
independently of each other meaning the calculations for dual unit quaternions are calculated
as eight numbers times eight numbers but are quaternion normalized so should be able to be

seen in a unit sphere scene and should be accurate representations.

Robotic Arms

In robotics the joints of the machine will wear down over time due to the various rotations
that being done. In the paper [12], the use of Slerp to calculate a smoother rotational
interpolation between the two orientations and was found to be a better interpolation then
unit quaternion interpolation in that the unit quaternion interpolation was found not smooth

in its acceleration and velocity.

18




Conclusion

The research papers have shown that there are some credible ways to show unit quaternion
on a unit sphere and also ways not, as seen in the neural network paper where by the lack of
the third dimension does not stop what is meant to be portrayed from being understood but
the use of colour and depth technigues which were partially seen in the character motion
would of allowed the understanding of the points within the unit sphere which would have

given greater context to each of the points.

Almost all of the papers where the unit quaternion is being represented with a unit sphereitis
normally on the surface of the sphere in a 2 dimensional sense and is a valid way to show the
spherical lines and splines but also shows the 3 dimensional rotation because of the position of

the point on the sphere.

Methodology

Since the project is about creating a programme to visualize unit quaternion and evaluating
the programme on whether it has succeed or not depending on the user requirements of the
programme from that reasoning the philosophy of the project is positivism and an approach of

deductive.

A problem with the programme being deduced whether it is correct by the creator means that
the view can be seen as biased, this should be removed by creating the requirements for the

project with the supervisor. The requirements for the system should be concise and easy to

19




judge and if not broke down into individual requirements so that requirement can be judge

correctly.

The project started out as an experimental research strategy but by reading literature related
to quaternions, unit quaternions and generally visualizing graphics it was decided to change
the research to development and create a programme that is intended to visualize un it
quaternions in multiple ways to make it easy to understand unit quaternions in relation to unit

sphere.

Then versatility of agile methods in design and implementation of software allows for some
experimental development at the start of the design and implementation phase of
programming which means that any ideas to visualizing unit quaternions can be tried and

evaluated without taking time away from developing the software.

Design & Implantation

The development process that was used was the iterative method of ropes which is accurately
shown in figure(5) . It starts on the right hand side where the requirement and system analysis
done on the user and system requirements which have already been done before the design

starts. From the requirements the design is created and then implemented and tested to show

that it works on its own.

20
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Figure (5) [13] Shows ropes method of development.

Before the iterations of the design and implementation, there was an overall design which was

altered throughout the project as new problems were raised during the iterations. The overall

design was created from the requirements in appendix A.

First iteration

The first iteration of the implementation was to draw a unit sphere with a single unit

quaternion within or an the 2 dimensional surfaces. This iteration was completed within

around half a day of coding and testing. The reasoning behind doing this part of the design first

is because it can be done separate from other parts of the design like file loading and can be

added to in later iterations.

The behaviour that generated this iteration is shown in figures (3)
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Figures(6)

This class diagram shows that the file information is stored in classes of vector, classpolygon,
nomalCoords and mapCoords which store the obj file information. It could have been stored as

local arrays but the classes were taken from previous work and had been tested already.

Second iteration
The second iteration of the implementation was to load a list of quaternion that was stored in
a quaternion file into a new independent build. This was completed and tested to show that

the list of quaternions stored in pat and csv files were loaded and checked to be within
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accuracy. This part of the design is similar to the first where by it could be done separately

from the other sections of the design.

Third iteration

The third iteration added axis lines to drawing the spheres and worked relatively well but had
problems of understanding QOpenGLShaderProgram which allows the adding of vertex and
fragment shaders but does not seem to have the ability to switch between vertex and
fragment shaders pair. To solve this problem graphics engine class was implemented with 2
program shaders and has to be bind before drawing lines and sphere object. The reasoning
behind adding the axis to the sphere drawing program before putting the guaternion list and
sphere parts together is that it was thought to cause less problems then the fourth iteration

which did bring the two parts together.

Fourth iteration
The fourth iteration added the second iteration to the third and also used the quaternion
location to determine the location of the unit quaternions on the sphere. This iteration worked

correctly and displayed all the orthogonal axes on all the spheres correctly.

Fifth Iteration

The fifth iteration added the functionality of rotating the unit sphere using mouse commands.
This iteration encountered a problem where the rotation of the unit sphere caused jittering of
the objects in the scene. To solve this problem instancing was introduced to the program to
reduce the amount of draw calls which then intern reduces and stops the jittering affect.
Instancing is where by the data stored in openglbuffer, the stored information is passed
through to vertex shader and is similar to creating attribute varaibles but except for the use of

the command:

glVertexAttribDivisor (attributeLocation)
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The command tells the pipeline that the attribute at the attribute location is instanced and the
second parameter states that the data will be read every so many instances. This also has to be
used with draw calls that are instanced where by the last command states how many instances

there are. The amount of instancing passed through the in the draw command must be less or

equal to the amount of instanced data.

Figure(7)

Sixth iteration

The sixth iteration added the keyboard commands and also the file loader. The file loader is a
Qat example of file loading and was altered to only display the text of valid file format and also
the text was docked to the right hand side of the screen and the opengl widget docked to the

left hand side. One problem caused in this iteration is that there is a window formed over the
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menu in the top left which is how the user loads in new quaternion files. The keyboard
commands allowed the user to change the representation of the unit quaternion with
reference to the unit sphere. The colours chose for the sphere is basically using numberical
value for each one determines its colour on the white to black scale. It was originally meant to
do a simple shadow effect with front one colour and the back another colour to reinforce the 3

dimensional natures of the points.
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Figure (8)

Seventh iteration

The seventh iteration was adding the drawing of lines to the quaternions from the centre of
the unit of the unit sphere. This should have been done before iteration five but was forgotten
about. This was not achieved due to time constraints and also the lack of understanding the

problem since the code made sense.
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Final Interface

Figure() shows the final interface it allows the user to select any PAT or CSV file to be loaded
using the open option menu that is located in a normal location but it does not normally load a
window over it for no apparent reason. This is an annoyance to the user but is easily rectified
by the closing or moving the window. The displaying of the file next to the visualization gives
good context to the quaternions stored in the file but does not fully clarify which quaternion is

represented by those numbers it would be useful and possibly future work.

Evaluation

To state whether the program actually proves a better visualization of unit quaternions in
relation to a unit sphere in comparison to the research would be a bad way to think of
determining the success. A more relevant question to this project would be if it would be able
to visualize the unit quaternion data that is seen in the literature review and the answer from
using the requirements would be partially only because the lines from the unit quaternions to
the centre of the unit sphere were not drawn correctly and if they were drawn there would be
not major failing points of the program. The figures in this report on the program itself also
point out how difficult it is to show 3 dimensional objects with transparency and still portray a

3 dimensional environment.

Conclusion & Recommendations

The project has analysed different ways to show unit quaternions in relation to unit sphere and

compiled some interesting ways to show rotational information of unit quaternions to the
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screen. The design of the project was not of a high quality and is a detrimental effect on the
report and even though it is explained it should have had greater visual aid to understand the
iterations of the program. The program was implemented as intended and even though the

loss of one of the major requirements it still did show a representation of unit quaternions.

There are eleven ways that the project aimed to do but did not achieve, this is mainly because
of time restraints or problems with the implementation. The draw line to unit quaternions has
already been explained that it was coded but the reason for not drawing is unknown. The
unknown problem should be the first goal to solve in future work. There are also the other less
important requirements that could be added to the program. The scalar being represented by
colour does not seem a complex problem to solve and if passed into the vertex shader it could
be handled by just passing the size data in which would most likely instanced since it would be
per sphere data. The twist of the unit quaternion could be shown as a colour that represents
the axis becoming more predominant depending on the angle change when compared to a
starting rotation of nothing. Quaternion splines being shown on the unit surface and a 2
Dimensional surface would be interesting since this project has no interpolation between two
points and curves which hold similarities. Blurring between two quaternions points would be
an interesting representation of unit quaternion rotations. If the current implementation and
spline with interpolation was implemented it would be interesting how the different ways of
representing the unit quaternion rotations vary and whether there is any correlation between
them. The last few requirements are to do with either creating a unit quaternion or quaternion
calculations which would show more of the unigue calculations that are seen in quaternion

mathematical corner.
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Reflection

Through my discovery of unit quaternions and quaternions literature | have discovered an
interesting field of representing rotations that | previously never knew existed and have
learned to respect them for their great way of showing rotations. | have also learned some of
Qt and discovered its great library of commands are very easy to understand because of simple
searches of the Qt variables we normally lead to well documented descriptions of the
commands for the said variables and they commonly have a good context example to go with
it. The problem that was in counted with calling to many draw calls will give me cautions to use
the OpenGL draw commands without consulting can it be done more efficiently. | do believe
that for any programs that | make in the future or have input on | will push for the use of
quaternions to be used instead of Euler just because the amount of times | read that
quaternion based systems run faster. | do believe | have failed myself in time management and
with only few more weeks spent on the project | could have completed all my requirements. |
do hope | pay more respects to topics like quaternions where most people reading and using
them normally give them a waning and that next time | see that in a field of research | hope |

concentrate on what the people in the papers or verbal are trying to get across.
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Appendix A

User Requirements

e Be able to run on windows and Linux

* Draws at least on unit quaternion

s Draws the unit sphere

¢ Shows the scaler value of a unit quaternion
+ Show the quaternion splines

¢ Show quaternion calculations

e Easytouse

e Load in quaternion file format
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System Requirements

e Must be written in Qt

+  Must be drawn using OpenGL with its shadier language

+  Must draw Unit quaternions

¢ Must draw Unit Sphere

e Must draw Axis for unit sphere

e Must draw Axis for each quaternion

e Must show the scalar value through at least one interpretation
¢ Must draw lines from unit sphere origin to all unit quaternions
* Must be able to view unit sphere from multiple orientations
* Should show unit quaternions affecting a single axis

¢ Should use colour to represent scalar

o Should use size to represent scalar

e Should accurately represent 3 dimensional surface

+ Should load in different files that hold quaternion data

¢+ Should show the twist of the unit quaternion rotation

¢ Could draw quaternion splines

¢ Could draw blur of two unit quaternion calculation

s Could show the difference between a 2d and a 3d surface

e Could show guaternion multiplication

¢ Could show conjugate

* Could show Magnitude of a quaternion

¢ Could allow selection of a unit quaternion for calculations

s Could create a unit quaternion from an Axis angle
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Could create a unit quaternion from an Euler Angle

Could show the quaternion file that is loaded
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