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ABSTRACT

This project focuses on the effectiveness of task assembly in virtual environment by
implementing it with the Tower of Hanoi game. The main objective of this project is to
construct an effective task assembly in virtual environment by implementing the Tower
of Hanoi game while augmenting the applications of virtual reality games. Other than
that, the objective is to conduct evaluations to perceive the effectiveness of assembly task
in virtual environment by experimenting it with Tower of Hanoi game. Towards
achieving the objectives, three focal phases are conducted; Planning and Analysis phase,
Design and Construction phase and Testing and Evaluation phase. The first phase
includes data gathering and data analysis; the second phase comprises of modeling the
Tower of Hanoi and implements the user interaction with it, and the final phase is doing
an evaluation on the effectiveness of task assembly in virtual environment. The results
from the testing and evaluation have shown that H, hypothesis is accepted as true, which
is performing assembly task in virtual environment by implementing it using Tower of
Hanoi is effective. From the summary table for evaluation of assembly task in virtual |
environment using Tower of Hanoi, it stated that the minimum mean for the evaluation is
8.20 and the maximum mean is 9.00. The range for this evaluation is R = 0.8 and the
mean overall for this evaluation is 8.52. This indicates that the _fange is lesser than the
overal! mean, R <M (Overall) hence the hypothesis is accepted. For future project
development, it is recommended to further develop a mdre complex and challenging task

assembly in various applications.
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CHAPTER 1
INTRODUCTION

Technology has advanced at an ever-increasing, almost exponential rate. One of these
spin-off technologies is virtual reality, defined as an artificial computer generated
environment in which the user has the impression of being part of that environment with
the ability to navigate and manipulate objects which have properties and behaviors that
reflect real world objects.

During the last years, Virtual Reality (VR) has proven its potential for the visualization
and manipulation of complex data like 3D geometries generated by means of CAD
applications. An interesting and promising area of application for virtual environments is
assembly simulation. This project describes a process for integrating an interactive
Virtual-Reality-based assembly simulation. It uses the Tower of Hanoi puzzle to
illustrate a well defined task structured assembly planning using input devices.

In this project, the author also focuses on several features that exist to help the user find
out collisions, clashes, or near-clashes. Besides that, to probe, understand and apply the

assembly task operations using relatively simple functions in VRML for user interaction.
1.1 Background of Study

The Tower of Hanoi puzzle was invented by the French mathemétician, Edouard Lucas,
in 1883, in ancient times when 64 gold disks where stacked on diamond needles. Priests
began to transfer the disks in search of the solution. It was conjectured that when the
puzzle was eventually solved, that the universe would cease to exist. Well, the puzzie

was solved long ago and the universe continues to exist.



The puzzle consists of any number of disks (not limited to just 64) and three poles,
which are attached to a baseboard. Each disk has a different outside diameter and a hole
in the middle lafge enough for the poles to pass through. To begin, all of the disks are on
the left pole with the smaller diameter disks on top of the larger ones.

The object of the puzzle is to move all the disks from the left pole to the right pole and
ordered the same as the start (i.e., the smaller diameter disks on top of the larger ones).
Only one disk can be moved at a time and no disk is atlowed on top of a smaller disk.
The middie pole may be used as a temporary resting-place for disks, but at no time is a
larger disk to be on top of a smaller one. This problem can be easily solved with one or

two disks, but becomes more difficult with three or more disks.

The research is focused on human presence in virtual environments from different
angles. The purpose is to find and investigate new concepts that can contribute to the
field of Virtual Reality. The approach will be humanistic rather than technological,
although technical studies will be necessary to develop new concepts and applications.
VR-based assembly simulation systems provide new ways to help users solve puzzles

interactively by being immersed in the environment.

The project is mainly to study the on the assembly task operations involved in designing
and controlling the puzzle in the virtual environment whereby user interaction is vital

here in order to complete the assembly of task.

1.2 Problem Statement

Assembly of tasks shouid be implemented in virtual environment by various applications
including games, prototypes and manufacturing. Here the author focuses on the
effectiveness of task assembly in virtual environment by implementing it with a strategy
game called Tower of Hanoi. Moreover, 3D puzzles and games needs to be
complemented with more improved method for the people to discover the underlying

regularities of a complex computer environment they have never seen before in order to



propose new efficient help tools. The fundamental idea is to allow people to solve the
Tower of Hanoi puzzle in a virtual environment using input devices, at almost realistic

way.

Immersion in an experience is also often as enhancement factor for learning: As states
[Ackermann, 1994a, p. 13,], interactivity is a key to learning” and '"An increasing
number of software designers, cognitive scientists and educators have come to the view
that experience is actively constructed and reconstructed through direct interaction with
the world, and that, indeed, knowledge is experience". Both social realities and fufl VR
sensory immersion amplify experience. However, it has yet to be shown when strong
immersion is really effective for a given task. E.g. a recent study on VR as education
tool [Byrne, 1996], showed significance of *interactivity" but not 'physical
immersion". On the other hand it's not clear in what cases social immersion into a VE is
really desirable and effective. Therefore, the virtual puzzle is expected to increase the

virtual learning experience to ensure people gets involved in the virtual environment.

To be effective, the Virtual Tower of Hanoi must consider about collision detection.
Collision detection has been a fundamental problem in computer in order animation,
physically-based modeling, geometric modeling, and robotics. In these applications,
interactions between moving objects are modeled by dynamic constraints and contact
analysis. The objects’ motions are constrained by various interactions, including

collisions.

A virtual environment, like a puzzle using input devices, creates a computer-generated
world, filled with virtual objects. Such an environment should give the user a feeling of
presence, which includes making the images of both the user and the surrounding
objects feel solid. For example, the objects should not pass through each other, and
things should move as expected when pushed, pulled or grasped. Such actions require

accurate collision detection, if they are to achieve any degree of realism.



1.2.1 Significant of the Project

Virtual environments {VEs) for education, research and life have have been discussed in
various disciplines. While advanced multi-user educational VEs are still mostly
speculation (e.g. [Loeffler, 1993}), simpler VEs based on standard technolbgies have ben
in existence for some time. (e.g [Hiltz, 1988], [Hiltz, 1993]) {Scardamalia etal,
1992},[Eisenstadt et al., 1995]). However, very little research on Virtual Reality as a tool
for solving puzzles and games has been carried out. Therefore, in this project, the author
concentrates on a virtual puzzle, Tower of Hanoi. The research focuses on the
effectiveness of using 3D input devices in assembling a task in a virtual environment.
Besides that, this project gives possibilities for lo‘dai designers and programmers to
create virtual puzzles and games by using suitable algorithms and collision detections as
guiding principles.

The Tower of Hanoi game is implemented to show the effectiveness of assembly fask in
virtual environment because Tower of Hanoi is a game that requires the users to perform
the tasks of an assembly such as select, move and position. Since the project is also to
highlight virtual games, Tower of Hanoi game is the most suitable applicdtion fo be

implemented.
1.3 Aim and Objectives

The aim of this project is to develop Tower of Hanoi puzzle based on task assembly in a

virtual environment whereby users use 3D input devices to interact with componcnts.
The objectives of the project are:
1. To construct an effective task assembly in virtual environment by

implementing the Tower of Hanoi game.

2. To augment the applications of virtual reality games.



3. To construct and conduct an evaluation in order to perceive the effectives of

assembly task in virtual environment.
1.4 Scope of Study

On the whole, the project analyzes the task assembly that can be applied in the Tower of
Hanoi game in a virtual environment. The task assembly is the main aspect being looked
into and is applied throughout this project. Besides, the author also highlights the
performance of the 3D game.

The puzzle supports a VR interface for performing task-oriented virtual assembly,
constraint analysis, and collision-free assembly planning. It provides a virtual reality
interface which allows users to freely navigate in the assembly environment, select one
of the parts, and move it to the other pole. To accomplish the goal, the free motion of an
input device is restricted by both a collision-free path and allowable motion derived
from mating constraints between the parts. The allowable motion with reduced degrees
of freedom guides the user assembling the parts in a constrained direction or around a
spectfied rotating axis. Any illegal motion that will possibly cause a collision or disabled
movement is not allowed, which prompts a warning sound or error messages to alert the

user.

The end product for the project is the simulation of Tower of Hanoi puzzle in a virtual
environment. Users are required to move all the disks from the left pole to the right pole
using input devices with the smaller diameter disks on top of the larger ones. From the
moves necessary to transfer one, two, and three disks, we can find a recursive pattern - a
pattern that uses information from one step to find the next step - for moving n disks
from post A to post C.



CHAPTER 2
LITERATURE REVIEW

An investigation is carried out to study other related work as part of the project research.

There are five core research areas compiled as follows.

2.1 Virtual Reality and 3D Environment

Immersion, whether physiological or psychological in nature, is intended to instili a
sense of belief that one has left the real world and is now "present" in the virtual
environment. This notion of being present in the virtual world has been considered
central to VE endeavors since its conception [Minsky, 1980]. Presence is traditionally
thought of as the psychological perception of "being in" or "existing in" the VE in which
one is immersed {Heeter, 1992; Sheridan, 1992; Steuer, 1992; Witmer and Singer,
1998]. Virtual Reality simulates an environment enabling a person to visualize and
compare it to a real world, which may still be in its conceptual state. Users of a virtual
reality application can move or manipulate the simulated objects according to their
preferences. The users can therefore simulate an environment in this virtual world,

which meets their demands in all respects before actually developing it in real life.

For this project, the author utilizes the virtual Tower of Hanoi simulation in 3D
environment which means applying the 3D conceptual images and objects. Interactive
3D environment and 3D animation is a good technique to make the application more
attractive and interactive. 3D animation is more realistic than 2D animation which has
been used widely in most applications. Here, the objects such as the disks are created in
3D which manipulates the distances, depth and angles of objects and creates effects,
which the human eyes perceived as real life 3D objects. The most essential elements that



differentiate the 2D environment and 3D environment are the manipulation of lights,

colors and perspectives of the objects to create realism.
2.2 Virtual Learning and Fun Environment

Virtual Environments for education, research and life are interactive cyberspaces where
many users can communicate and collaborate in various way. They also can build virtual
like offices, books, blackboards, artificial persons and more. VEs should also provide
optimal support for information storage, retrieval and manipulation. While advanced
multi-user educational VEs are still mostly speculation [Loeffler, 1993], simpler VEs
based on standard technologies have ben in existence for some time. ( [Hiltz, 1988],
[Hiltz, 1993]) [Scardamalia et al., 1992] ,[Eisenstadt et al., 1995]). VEs are collaboration
tools. Many studies have shown that collaborative learning and collaborative work is
efficient, some conditions for either success or failure are well known, others are still
unknown [Dillenburg et Schneider, 1995]. Through this Virtual Reality application, it
has been proven that an effective learning process can be achieved while having fun

manipulating the 3D objects.

Compared to 2D environments, dealing with simulations in 3D environments are an
inspiring and appealing factor. Immersion in an experience is also often as enhancement
factor for learning: As states [Ackermann, 1994a, p. 13,], " interactivity is a key to
learning” and "’ An increasing number of software designers, cognitive scientists and
educators have come to the view that experience is actively constructed and
reconstructed through direct interaction with the world, and that, indeed, knowledge is

experience”
2.2.1 VEs need objects that can be manipulated

If VEs are to be fully operational people must be able to ““bring in" as many virtual
objects as they need for work and communication. Ves can be seen as a social context

for propagating constructionism (e.g. students manipulating **symbolic physical" objects



[Moshell et al., 1995] or **real virtual physical objects"). To ensure effective learning,
users must perceive it from practice or performing specified tasks. Interactive objects

favor reflection which in turn favors learning [Collins et Brown, 1988].
2.3 Virtual Assembly Environment

The Assembling consists of the act of putting two or more components together; but
behind the scenes work includes many activities necessary to realise the complete
product, repair it, and disassemble it for recycling or disposal An assembly task may
be divided into six basic activities such as reach, select, grasp, move, position, and
assemble. Activities such as "reach” and "move" are generated by biomechanics of
body motions including human factors principles such as Fitis' law [Prabhu et al,
1992]. The integration of Virtual Reality with software systems for engineering,
design, and manufacturing will provide efficient tools to the field of computer-aided-
engineering. One aspect of design and manufacturing which may be significantly
affected by virtual reality is product design and assembly.

Tower of Hanoi game is an assembly task as users have to do the basic activities of an
assembly task such as selecting, moving and positioning the objects. The development
of Tower of Hanoi in Virtual Reality is to illustrate the assembly task in a virtual

environment.
2.3.1 Virtual Reality for Manual Assembly

The process of assembly is currently one of the most complexes in industry
[Delchambre, 1992]. The term “assembly” actually applies to some 20 different
procedures. For a human operator equipped with adequate tools, none of these tasks is
impossible. The human combines logi¢ and perception of the environment, and has

two sophisticated tools, the hands, to do the work.



The objective of designing virtual assembly environment is to enables users to
visualise and interact with a 3D computer representation of a product minimising the
requirement to build physical prototypes. The main issues investigated by applying
this technology in the area of product assembly are to evaluate parts’ assembilability,
part accessibility and part layout during the product design phase and the estimation
of the assembly time. The Tower of Hanoi game consists of several parts that need to

be assembled in order to accomplish the game.

Assembling virtual parts has highlighted several probiems including differences
between conducting the task in a real and virtual environment, If an assembly task is
accomplished in a different manner in the real world than the VE, then the accuracy of
the estimated assembly sequences and sequences and task completion times comes

into doubt.

The Virtual assembly Environmént incorporates virtual representations of components
and objects, produces auditory responses when different objects collide, and enables the
user to interact with virtual objects by different devices such as standard 3D mouse and a
pair of pinch Glove. Tower of Hanoi in virtual assembly environment aims at the
generation of assembly sequence from the user interaction with virtual parts. The time
taken to accomplish the game also varies from one another depending on how trouble-

free one can take to perform the task assembly.

- Figure 2.1: Assembly manipulation
- using a 3D mouse as
interaction device




Figure 2.2: Assembly manipulati
with pinch Glove

Figure 2.3: Part’s assembly in re
world

Figure 2.4: Part’s assembly in vir
environment
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2.4 Investigation of Task-Performance for Interaction within a Virtual

Environment for Assembly

The use of virtual environments to augment CAD environments has the potential to
improve productivity and reduce costs in the product development life-cycle through the
use of virtual prototyping [Maxfield 1996]. Virtual prototyping aims to construct a
realistic digital simulation of the product [Haug et al 1993], for design and functionality

analysis in the early stages of the product development process.

Virtual assembly, a component of virtual prototyping, is defined as the use of computer
tools to “assist with” assembly-related engineering decisions through analysis, predictive
models, visualization, and presentation of data without physical realization of the
product or supporting processes [Connacher et al 1995]. In particular, interactivity is one -
of the most important assets to support closed-loop virtual prototyping [Jung et al 1997,
1998). Easy and precise interaction, however, is difficult in a virtual world. It presents a
real problem when dealing with complicated engineering assembly environments that
demand high precision and accuracy [Fa et al 1993; Jung et al 1998]. In this context,
there is a need to investigate how to design and evaluate interaction techniques in Tower
of Hanoi game to achieve an intelligent task-level hmnaﬁ-computer interface within the

virtual assembly environment.

The design and development of technology to improve the quality of work and the
quality of the products of work require us to pay close attention to the nature of the
work, and to be explicit about how any technology that we design might affect people
and their work [Johnson et al 1995]. This project describes an experiment to conduct a
task-performance analysis regarding the usability of interaction techniques by using a
constraint based assembly task model. In this project, a constraint is defined as a
geometry constraint and assembly relationship between solids. The study advances
understanding of how people undertake assembly tasks in a VE system and how the

system will affect people in terms of how they could use it.

11



2.4.1 Related Task-Performance Analysis in Human-Computer Interaction

Task analysis is used to understand the user’s activity in the context of the whole
system, either in an existing or a future system [Kieras 1996]. A number of related
studies have compared and evaluated interaction techniques related primarily to the
assessment of user performance. For example, Poupyrev et al presented a study to
compare two basic interaction metaphors for egocentric direct manipulation in object
selection and positioning experiments [Poupyrev et al 1998]. Bowman & Hodges
conducted a series of studiés to evaluate interaction techniques for universal VE
interaction tasks {Bowan & Hodges 1997, 1999]. Other related work includes Iowa State
University’s investigation of a spherical mechanism design task to compare two types of
computer interface in order to determine if there are advantages of in using VR
technology as opposed to computer workstation-based software. The resuits were
discussed in terms of interaction device and visualization interface preferences
(http://www.vrac iastate edu/~jmvance/EVAL). Gribinau compared a single- and two-
handed 3D input interface for 3D object assembly tasks [Gribinau & Hennessey 1998].
To explore two-handed virtual manipulation for neurosurgical applications, Hinckley et
al performed a series of experiments both in the physical world and virtual environment
[Hinckley 1996, Hinckley et al 1998]. However, little research has been found to
investigate task-performance for interaction with constraint based assembly models in a
virtual environment, and compare this with the task-performance of the same assembly
in the real world. This assists in the building of more intelligent task-level human-

computer interfaces.
2.4.2 Interaction Techniques within the IVPS

The Interactive Virtual Prototyping System (IVPS) [Thompson et al 1998; Maxfield
1999] provides a 3D environment in which an engineer can visualise and interact with a
particular product. A geometric model of the design can be exported from a CAD system
and imported into the IVPS, where the components of the model can be visualised and
manipulated as 3D geometric solids. The user can then assemble the product by directly

12



interacting with the components and manipulating the resulting assembly to test its

kinematic behaviour.
Functions Interaction Techniques
Component Pick
™
Interacting with
components
y Component Manipulation
. ) ™ Direct Selection
Interacting | Constructing an
with IVPS assembly
) Direct Manipulation
Manjpulating _ Constraimt Based
constrained components Manipulation

Figure 2.5: Interaction technigues to study

Currently, interaction with the IVPS system is achieved using a combination of
mouse and keyboard input. Interaction with the IVPS system includes [Maxfield
1999]: interacting with the 3D viewer, interacting with components, constructing an
assembly, manipulating constrained components, simulating non-nominal
components and simulating lighting conditions. This study is particularly interested in
interacting with components, constructing an assembly and manipulating constrained
components. A simple classification of interaction techniques underlying the three

interaction functions is presented in Figure 1.

13



For Interacting with components, the Component Pick technique is used to select a
component. A target component will be highlighted by a bounding box to indicate it is
currently under the select pointer or that it has been selected. Component manipulation
is used to freely manipulate a selected component in 3D space.

To Construct an assembly, assembly constraints must first be defined between the
components of model. Direct Selection is used to create a new constraint by directly
picking two geometric entities to be constrained. The system will initially be in
Viewpoint Manipulation Mode. In this mode the viewpoint can be altered. To specify the
first geometric entity the user must first switch into Geometry Picking Mode. In this
mode the entire model will become transparent so that the highlighted or selected
geometric entities can easily be distinguished from the rest of the model. When an entity
is under mouse pointer, it will be highlighted in red. Figure 3 illustrates the process of

switching between the various modes within the system when using Direct Selection.

Viewpoint Manipulation Mode

l Change mode

Change ¢
mode Geometry Pick Mode
l Select 1% entity Restart
Geometry Pick Mode
Select 2™ entity

h

Constraint satisfaction and
creation

Figure 2.6: Switch between modes for Direct Selection

14



Direct Manipulation is used to create a new constraint by selecting a partiéular
component and manipulating it while the system attempts to predict all possible mating
conditions that exist given the current position and orientation of the selected component
and all other components in the model. First the user enters Component Pick Mode to
select a component. Once selected the system enters Direct Manipulation Mode. In this
mode all components (including the selected one) become transparent so that the
highlighted geometric entities can be distinguished from the rest of the model. The
selected component can be manipulated using the mouse. Each time the component is
manipulated, the system will predict all valid mating conditions between the selected
component and any others in the model. At each step of the manipulation, the most
likely constraint is offered to the user. This can be accepted by releasing (deselecting)
the component. The system will then satisfy and create the necessary assembly
constraint, and switch back into the Viewpoint Manipulation Mode. Figure 3 illustrates

the process of switching between the various modes within the system when using

Direct Manipulation.
———
Viewpoint Manipulation Mode
v Change mode
Change
mode Component Pick Mode |

Select component Restart

Direct Manipulation Mode

Accept prompt

Constraint satisfaction and
creation

Figure 2.7: Switching between modes for Direct Manipulation
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2.5 Tower of Hanoi

The Legend. In an ancient city in India, so the legend goes, monks in a temple have to
move a pile of 64 sacred disks from one location to another. The disks are fragile; only
one can be carried at a time. A disk may not be placed on top of a smaller, less valuable
disk. And, there is only one other location in the temple (besides the original and
destination locations) sacred enough that a pile of disks can be placed there. So, the
monks start moving disks back and forth, between the original pile, the pile at the new
location, and the intermediate location, always keeping the piles in order (largest on the
bottom, smallest on the top). The legend is that, before the monks make the final move
to complete the new pile in the new location, the temple will turn to dust and the world

will end.

The Game The Tower of Hanoi puzzle was invented by the French mathematician
Edouard Lucas in 1883. There are three poles one of which contains threaded disks
sorted from the biggest one at the bottom to the smallest on at the top. We can take disks
from one potle and put them on another one, but we can lift only one disk at a time, and
only smaller disk on the top of the bigger. So, the goal of the Tower of Hanoi game is to

remove disks from the one pole and collect them at another empty pole.
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TOWER OF HANO1

TOWER 1 TOWER 2 : TOWER 3

Figure 2.8: Tower of Hanoi game
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CHAPTER 3
METHODOLOGY

3.1 Procedure Identification

The author had gone through a series of conventional steps or also known as a road map
for this project that facilitate the author to produce a well-timed, high quality results. In
other words, the author had created a research framework to ensure the research project

is successfully done. The research framework can be view in Figure 3.1.

The research framework can be categorized under the Rapid Application Development
(RAD) model because the research project development process is a linear sequential
software development process that emphasizes an extremely short development cycle.
RAD can be a good development model for information technology applications that are
limited in scope and time. The author uses RAD model as it is able to meet business
needs as fast as possible which are necessary for today highly-coﬁlpetitive business
environment. By using RAD, it enables the author to complete the 3D Virtual Tower of
Hanoi within a very short time period; 60 to 90 days.

On the whole, this research project consists of 3 main phases; planning and analysis
phase, design and construction phase, and testing and evaluation phase. The author could
not proceed to the next phase until the phase is. carried out since the phases are directly

dependent on each other.

Eirstly, the planning and analysis phase cansist of two key elements which are data
gathering and data analysis. The author had done a distinctive research and deals with a
range of information that is related with the research project. The information gathede
must then be analyzed thoroughly to ensure that it is still within the scope of the project.
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The planning and analysis phase is an ongoing phase throughout this project as it
enables the author to collect related information from time to time.

The research and analyzed information from the first phase had then been used to the
next phase; the design and construction phase. This phase consists of two key elements
which are the modeling of the virtual Tower of Hanoi that is the disks and poles and also
applying the appropriate collision detection for the game.

Lastly, the product from the research project had also undertaken the testing and
evaluation phase. Here, the author had carried out one main testing and evaluation
whereby the game is being played according to the rules and the collision detection that
had been applied is observed to ensure correct movements between the disks and the

poles. As a final point, the data gathered during the testing and evaluation phase is
analyzed.
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3.2 Planning and Analysis Phase

The planning and analysis phase is divided into two key elements which is data
gathering and data analysis.

3.2.1 Data gathering

During this phase, the author did the project planning thoroughly as she needsto
complete the final product within a certain time frame. The author had established the
project scope and the work schedule in this phase which is necessary to ensure the
proper product completion. Identifying the project scope is very crucial here because of
the limited time the author had to complete the project. She had to make sure of the
scope of the project so that the phases done throughout the project for instance the
analysis and constructing phase are restrained from going wider than what the project

should covers.

Related data for the project such as the 3D environment, virtual disks and poles of the
Tower of Hanoi, collision detection, assembly of task, the original Tower of Hanoi game
as well as virtual reality applications are gathered for analysis pm‘poées. Fundamentally,
data gathering is focused on the secondary data sources to support the hypothesis and
theory of the research, which includes data gathering of existing reading materials like
online materials including journals and articles and also printed materials comprising of
magazines, books and newspapers. Furthermore, the community views of the advantages
of the project must be considered in order to have better understanding on the project.
Consequently, the author had distributed a preliminary survey to get any related
information (Refer tb Appendix A for the Initial Survey Form).

Moreover, observation was conducted for gathering data purposes to increase the

author’s understanding of the research. The author played the Tower of Hanoi game ina

2D environment numerously to observe the movements of the disks. The author too

21



studied several 3D environments which involves movements of objects that implements

collision detection.

Above all, the planning and analysis phase had taken the most effort and time during the
project development as it mainly contributes to the success of the project upon

completion. It is also an ongoing process throughout the project.
3.2.1 Data analysis

There are several other measures that should be taken once the data gathering process
had been completed to understand the meaning of the collected data. For that reason, the
data analysis process is where the collected data is filtered, analyzed, separated and
transformed to constructive information whereby it is then used to develop the product
during the design and construction phase. This is another important process because
having the right and useful information is vital in order to proceed accurately in the later

phases.

In this phase, the author had also analyzed the suitable tools to be used to simulate the
Tower of Hanoi game appropriately. The hardware needed for this project is a personal
computer equipped with graphic card, sound card, and a high performance processor in
order to develop high-quality graphics, animations and motions. Low performance

processor would result in slow development and modeling processes.
Finally, the author can design the target product; 3D Virtual Tower of Hanoi, after

reviewing and analyzing the findings of data. These useful data are implemented in the

next phase which is the design and construction phase.
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3.3 Design and Construction Phase

The design and construction phase is also divided into two key clements which is

modeling virtual Tower of Hanoi and the user interaction for Tower of Hanoi.

3.3.1 Modeling Tower of Hanoi

To model the 3D Tower of Hanoi, basically only two geometric modeling are used;
cylinder and doughnut. Cylinder acts as the pole or the tower while doughnuts act as the
disks. There are three cylinders designed which have the same size and are positioned at
the same plane of the X-axis. There are also three different sizes of doughnuts modeled
and are placed at the leftmost cylinder.

Users must be able to differentiate the three sizes of the disks in order to play the game.
Hence the author created three different scales for each disk. The disks are also modeled
in different colors to make easier for the users to perceive the disks. The nght
transformation and transiation for each objéct is also very essential in order to place the

objects properly.
3.3.2 User interaction for Tower of Hanoi

Task assembly is concerned with movements of objects from one position to another.
Therefore user interaction is the essential part of developing this project. The author
used the javascript to sense objects and trigger events. There are several events that can
be generated from these depending on how user interacts with the objects. Users are able
to pick, move, and position the objects accordingly. Therefore suitable functions are

included in the coding to generate the actions by users.
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3.4 Testing and Evaluation Phase

The testing and evaluation phase is divided into four key elements which are the test
design, hypothesis development, evaluation and data collection and also data analysis.

3.4.1 Test design

Mainly, test design is a method of testing which conducted by the designer in order to
obtain the intended resuits. The author had tested the 3D Virtual Tower of Hanoi
repeatedly during the construction phase. When the functions and sensors are applied,
the simulation result is tested to check the proper movements between the disks.
Moreover, the movements of the disks between the poles must be checked correctly
according to the rules of the game. The test design is repeated until the desired results

are accomplished.
3.4.2 Hypothesis development

Hypothesis is required for this proj ect to perform the evaluation that had been pianned
earlier. With the hypothesis, the data collections after the evaluations are very much
simpler to be interpreted. Predominantly, the data gathered from the evaluation are
converted into constructive tables of descriptive statistics and histogram charts for better
visualization of the results. A basic formula is applied to determine whether a hypothesis
can be accepted or rejected. For this project, there is only one main evaluation that had
been carried out. It is to perceive whether assembly task in virtual environment is

effective by implementing it with Tower of Hanoi game.

The evaluation: Perceive assembly task in virtual environment using Tower of Hanoi

Hp: Performing assembly task in virtual environment by implementing it using Tower of
Hanoi is not effective.

H: Performing assembly task in virtual environment by implementing it using Tower of

Hanoi is effective.
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From the descriptive statistic, the attribute of the effectiveness of assembly task in
virtual environment using Tower of Hanoi are shown.

Find range (R) and mean overall; M (Overall) as below:

Attribute of the effectives of assembly task in virtual Mean
environment using Tower of Hanoi

Ay M,
. .
. .
A, M,
. .
. .
Ay M,
Al Asecvrinvnincnncecs A, = attribute
Mi, Maeveens vaseseseeMy = mean for each attribute

Range (R) = M(max) — M(min)
Overall Mean, M(overal)=M; + Ms............. M,
n

Therefore, by using this simple calculation, the HO hypothesis is rejected if
R <M (overall)
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3.4.3 Evaluation and data collection

The author conducts the evaluation process by utilizing the heuristic evaluation whereby
it is the process of determining the acceptability of the end product of how appealing it
is and how well it matches the required objective. These evaluations are gathered from

the evaluators’ feedback on the simulation results.

There is only one evaluation conducted in this stage for the project. The evaluation is to
perceive that assembly task in virtual environment using Tower of Hanoi is effective.
The main objective of this evaluation is to find out the accomplishment of doing an

assembly task in a virtual environment by playing Tower of Hanot game.
t  The evaluators’ profile

5 people were chosen in order to make the products comparison, which was held on the
April 6,2004. The venue is at the café in Village 4, Universiti Teknologi PETRONAS
(UTP). Considering the time constraints, only 5 respondents from UTP were chosen to
give their response and feedback. There are 2 evaluators whom well-verse with
computer graphics and virtual reality applications. In fact, they are the Information
Technology (IT) and Information System (IS) students. There are also 2 evaluators
whom well-verse with computer graphics and virtual reality applications but they are not
familiar with Tower of Hanoi strategy game. Another evaluator whom is not familiar
with computer graphics and virtual reality applications and she is also not familiar with

Tower of Hanoi strategy game.
= Method of conducting evaiuation
Before the author conducted the evaluation session, a small briefing on Virtual Tower of

Hanoi is carried out in order to foster understanding on the evaluated subjects. Rules of

the game were given so that the evaluators are able to execute the game correspondingly.
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The evaluation is basically to let the evaluators try out the 3D Virtual Tower of Hanoi
according to the exact rules of the strategy game. When an evaluator is playing the
game, the other evaluators are not able to observe he or she accomplishing the game
since it requires own strategy. Hence individual time is taken for each game that has

been completed.

Each and every evaluator is interviewed after the evaluations were carried out. At the
end of the evaluation phase, the checklists and questionnaires are collected for data
analysis. The data collected form the interviews are also collected to be analyzed.

(Refer to Appendix B for example of Evaluation Checklist).

3.4.4 Data Analysis
In this phase, the data collected from evaluation phase is analyzed. These important data
are calculated and tabulated in the statistic tables. The calculated data is then plotted into

histogram for better visualization of the evaluation results. All the details of the

calculations and results are discussed in Chapter 4.
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CHAPTER 4
RESULTS AND DISCUSSION

4.1 Results and Discussion for Planning and Analysis Phase
4.1.1 Preliminary Survey

Preliminary questionnaire has been distributed to 5 students from Universiti Teknologi
PETRONAS (UTP) in order to get their feedback about the research project and the
development of 3D Virtual Tower of Hanoi. This is the initial respond for analyzing the

user’s requirements and their expectations of the product.

The age level of respondehts is between 20 years old to 23 years old. The questionnaire
consists of ten simple questions, so that they would be able to understand the questions
easily as well as providing appropriate responds (refef to Appendix). The reason of
choosing that age level is because they are the target user and they are also exposed on
the current advances of technology. In addition, most of them know how to use a
computer. Basically, the process of selecting suitable respondents is important because

the author would like to meet the objective of gathering data through questionnaire.

The results from the Initial Survey Form are divided into few categories according to the

rationale of the data. The results for each category are explained as follows:

28



1. Strategy Games Genre |

Data analysis:
Games Genre Number of respondent
Action-adventure 2
Puzzies 2
Sims 1
Race 0
5

Action-
adventure

B Puzzies

CRace

OSims

Figure 4.1: Strategy games genre

Discussion and resuit interpretation:
From the pie chart above, it is clearly stated that respondents are fonder of action-
adventure and puzzle games as they gain 40 percents of the total respondents compared

to Sims which gain 20 percents and none for race.
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2. The Most Preferred Way of Playing Strategy Games

Data analysis:

Ways of Playing Strategy Games | Number of respondeﬁt
3D virtual environment 3
Board game 1
2D computer game 1
5

3D Virtual
Environment

M Board games

° 02D Computer '
games

Figure 4.2: The preferred ways of playing strategy games

Discussion and result interpretation:

From Figure 4.2, it shows that 60 percents of the respondents prefer to play strategy
games using 3D virtual environment. While 20 percents prefer to play using board
games and 2D computer games each. The reason based on this result is because the
respondents are interested to try new advances of technology which is associated with
virtual environment. Furthermore games related to virtual reality applications are more

exciting and attention-grabbing compared to board games and 2D computer games.
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3. Users” Acceptance of 3D Virtual Tower of Hanoi

Data analysis:

Users’ Acceptance of 3D Virtual Tower of Hanoi | Number of respondent
Interested 4
Not interested |
5

interested Not Interested

Figure 4.3: Interest of respondents about 3D Virtual Tower of Hanoi

Discussion and result interpretation:

The histogram above indicates that 80 percents of the respondents are interested in the

Virtual Tower of Hanoi. They might find that games using virtual reality applications

are more exciting than the typical 2D games. However there are 20 percents who are not

interested in the virtual game maybe because they are not much exposed to virtual

reality games.
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4.2 Results and Discussion for Design and Construction Phase

During the design and development phase, the author had modeled the Tower of Hanoi

and applied the appropriate sensors for user interaction.

The first step in design and construction phase is to model the Tower of Hanoi by
creating objects that are most suitable. Basically two 3D objects were shaped; cylinder
and doughnut. Displaying 3D graphics is very different from displaying 2D images.
Objects are positioned in three dimensions but must be viewed on a two-dimensional
computer display. Because the objects exist in three dimensions, it must be decided from

which direction they should be viewed.

Although this makes it harder to work with 3D, it also gives 3D huge advantages over
2D. The compactness of 3D comes from the ability of the author to define objects as
skeletons, to be filled in by the computer rendering the image. The author did not just
make a VRML file with just a Cylinder and Doughnut node as it will not do anything. The
Cylinder and Doughnut specify only the geometry (shape) of an object, not its appearance
(color). VRML also has an Appearance node, to define its color. Once the author has
geometry and appearance, she had enough to define a VRML object. All she needed was
a way to associate the color with the .geometly. In VRML, the author did this with the
Shape node.

A VRML scene graph uses a Cartesian coordinate system. Every point in the world can
be described by a set of three numbers, calied a coordinate. The first number is the X
component, which places the object right and left in the world. The second is the Y
component, which places the object up and down in the world. The third is the Z
component, which places the object nearer and farther from the front of the screen. The
author need to use the coordinate system for all objects created in the VRML scene for
proper placement, scale, and orientation in the scene. The Transform node has a children
field that can hold a Shape node. Most of the other fields of Transform allow the author to

change the position, size, and orientation of the nodes in the children field. The fields
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controlting these transformations are center, rotation, scale, scaleOrientation, and
translation.

Its definition iooked like this:

Transform {
children Shape {
appearance Appearance |
material Material {

diffuseColor .7 .4 0.2

}
geometry Box {

size 12.5 0.2 2

Figure 4.4: A 3D box for the base of the game



Fundamentally, the author created three cylinders and three doughnuts. The cylinders act
as the poles and the doughnuts act as the disks. The doughnuts were modeled in three
different sizes and colors. The sizes and colors can be determined by the scale and
appearance in the code. The sizes of the disks are essential as they are the main objects
that are manipulated by users. The author detenmined the accurate scale and positioned
them accordingly in the first cylinder. Meanwhile the three cylinders are typical in sizes

and colors.

Figure 4.5: A 3D cylinder as the tower

Figure 4.6: 3D doughnuts as the disks
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The portion of the javascript used for user interaction:

function isLit Pl (eventValue) {
if (eventValue==true) {

color P1 = activeColor;

coleor P2 = inactiveColor;
color P3 = inactiveColor;
else {

color P1 = activeCoclor;
color_ P2 = inactiveColor;
color P3 = inactiveColor;

end peg = 1; 1
function isLit_ PZ (eventValue) {

if {(eventValue==true} {

color P2 = activeColor;

color P3 = inactiveColor;

color_ Pl = inactiveColor;
else {

color P2 = activeColor;

color P3 = inactiveColor;

color Pl = inactiveColor;
end peg = 2; }

function isLit P3(eventValue) {

if {eventValue==true) {

color P3 = activeColor;

color P2 = inactiveColor;

color Pl = inactiveColor;
else |{

color_P3 = activeColor;

color P2 = inactiveColor;

coleor Pl = inactiveColor;

end peg = 3;
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Figure 4.8; Virtual Tower of Hanoi




4.3 Results and Discussion for Testing and Evaluation Phase

In the final section, during the evaluation phase valuable data are collected. In this
section the data are converted to statistical data and histogram charts for simplicity to
interpret and evaluate.

4.3.1 Evaluation - Perceive assembly task in virtual environment using

Tower of Hanoi

In this evaluation, the author intends to perceive the effectiveness of assembly task in
virtual environment by implementing it with Tower of Hanoi game. The evaluators are
asked to play the Tower of Hanoi game and complete the task of the game and see the
efficiency of assembly task in virtual environment using Tower of Hanoi. Table 4.1

below shows the data collected and analyzed from the evaluation phase. The histogram

is plotted according to the mean calculated.

N . i
The difficulty of performing assembly task 5 8.00 9.00 43.00 | 8.60

in virtual environment using Tower of

Hanoi
The difficulty of compieting the Virtual 5 7.00 9.00 41.00 8.20
Tower of Hanoi in fime
The effectiveness of performing assembly 5 800 | 1000 | 4500 | 9.00
task in virtual environment using Tower of
Hanoi

1.evel of interest on the Virtual Tower of 5 7.00 | 9.00 41.00 8.20
Hanoi
The probability of virtual environment to 5 2.00 9.00 43.00 8.60
become an effective way of doing assembly
task

Valid N 5

Table 4.1: Descriptive statistics for evaluation of the effectiveness of assembly

task in virtual environment using Tower of Hanoi
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B The probabiiity of virtual environment
to become an effective way of doing
assembly task

fLevel of interest on: the Virtual Tower
of Hanol

OThe effectiveness of performing
assembly task in virtual environment
using Tower of Hanol

W The difficulty of completing the Virtual
Tower of Hanol In time

BThe difficulty of performing assembly
task in virtual environment using

Tower of Hanoi

Figure 4.9: Histogram for evaluation of the effectiveness of assembly task in
virtual environment using Tower of Hanoi

Features

Aean

» The difficulty of performing assembly task in virtual environment using 8.60
Tower of Hanoi

s The difficulty of completing the Virtual Tower of Hanoi in time 8.20

* The effectiveness of performing assembly task in virtual environment 9.00
using Tower of Hanoi

» Level of interest on the Virtual Tower of Hanoi 8.20

* The probability of virtual environment to become an effective way of 8.60
doing assembly task

Mean Overall 8.52

Table 4.2: Summary for evaluation of the effectiveness of assembly task in
virtual environment using Tower of Hanoi
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Hypothesis

The evaluation: Perceive assembly task in virtual environment using Tower of Hanoi
Ho: Performing assembly task in virtual environment by implementing it using Tower of

Hanoi is not effective.
Hy: Performing assembly task in virtual environment by implementing it using Tower of

Hanoi is effective.

From the summary table for evaluation of assembly task in virtual environment using
Tower of Hanoi, it stated that the minimum mean for the evaluation is 8.20 and the
maximum mean is 9.00. The range for this evaluation is R = 0.8 and the mean overall
for this evaluation is 8,52. This indicates that the range is lesser than the overall mean,
R < M (Overall) hence the hypothesis is accepted. As a conclusion for the evaluation,
the Ha hypothesis is accepted as true, which is

Hy: Performing assembly task in virtual environment by implementing it using Tower of

Hanoi is effective.
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CHAPTER §
RECOMMENDATION AND CONCLUSION

5.1 Summary of the project

In this project, the author had managed to achieve the initial objectives and successfully
developed a strategy game that have applied the task of assembly in a virtual
environment entitled 3D Virtual Tower of Hanoi. The author had successfully
implemented the appropriate functions and sensors for the user interaction in the virtual
environment. Furthermore, from the evaluation that had been conducted, the author
found out that the project is capable to intensify the performance of task assembly by
experimenting it using the Tower of Hanoi game which utilizes the Virtual Reality and

3D environment.

Moreover, the result from the evaluation also proves that performing assembly task in
virtual environment using Tower of Hanoi is effective, when evaluators solve the Tower
of Hanoi game. It is shown that the implementation of task assembly in virtual
environment is a successful performance altogether and it could be implemented in more

applications.

Throughout the accomplishment of this project, the author had leamt most of the
functions and sensors for creating 3D objects and making user interaction within the
virtual environment. From this, the author had improved her VRML programming
language by theoretical and putting it info practice. In addition, the author had also learnt
on task assembly and collision detection in a virfual world. Even though the author had
faced many obstacles during development, she managed to complete the game on time.
Also, the author had learnt and improves the application of new and existing software

throughout the completion of the project such as 3D Studio Max and 3D Exploration.
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5.2 Recommendation

iii)

The end product of Virtual Tower of Hanoi could use a better texture for the
3D objects to create high realism and thus make the appearance of the game
more appealing. Besides concerning the appearance of the product, the
functions and sensors used for the user interaction could be enhanced to

avoid complexity of users to perform the assembly task.

The author also advocates particular people who are involved in virtual
prototyping to enhance the application of assembly task in virtual
environment for beneficial purposes. Besides that, the author aspire gamers
to try out more 3D virtual games as it is more attention-grabbing and to

utilize the computer advanced technologies.

In the future, students whom are interested to further continue this research
paper should create more complex and challenging task assembly in various
applications besides games. This is because task assembly can contain many
more objects to be manipulated as it can be applied in diverse fields. They
could focus their diligence with further user interaction like a better
interaction with the components. Apart from that, students can also develop a
more challenging and complex game in virtual world that make use of task
assembly. The game should be more realistic and let the users feel the

immersion of being in a virtual world.

Users should be able to expand the usage of interaction devices in virtual
environment projects, VR devices like pinch gloves and Head Mounted
Display (HMD) ought to be used to enhance the interaction among users and
the 3D environment. Furthermore with these VR devices, the realism for the

users when interact with the virtual environment are increased.
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5.3 Conclusion

This project had highlighted on the effectiveness of assembly task in virtual environment
by implementing it with the Tower of Hanoi game. It also had introduced the new
method of constructing an assembly task and a new way to play games which is by using
the virtual environment, Essentially, it helps to foster understanding of the VRML codes
used to develop the prototype which includes objects and user interaction. This project is
to be a benchmark or guideline for designers to venture in depth in the area of task
assembly and game applications in virtual environment. This project had also
contributed to a small section of the computer graphics and advanced technology world

especially in Virtuai Reality and 3D environment.
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Appendix A

UNIVERSIT]
TEKNOLOG!
PETRONAS

INITIAL SURVEY FORM
FOR
EVALUATORS

valuation is for Final Year Project: Virtual Tower of Hanoi
answer as appropriate. Your cooperation is highly appreciated.




Name (optional):
Age:

INITIAL SURVEY FORM

Please answer as appropriate. Your cooperation is highly appreciated.

Date:

Gender:

Are you aware of applications based on Virtual Reality?
Yes

No

How do you rate 3D Virtual Reality games?

Not enjoyable  Less enjoyable  Neutral Enjoyable

I 1 | i

Very enjoyable
[

What genre of strategy games are you most interested?

Action-adventure Race
Puzzles Sims
Others (please sj)ecify):

What is your preferable way of playing the strategy game?

Board games

2D computer games

3D virtual reality game

Others (please specify):




. Are you familiar with Assembly Task?

Yes

No

. I yes, do you think it is effective to perform an assembly task in virtual

environment?

Yes

No

. Are you familiar with Tower of Hanoi game?

Yes

No

. If yes, how do you rate Virtual Tower of Hanoi?
Not interesting  Less interesting  Neutral  Interesting  Very interesting

[ | | | [

. Would you prefer to play Tower of Hanoi in 3D virtual environment?

Yes

No




Appendix B

UNIVERSITI

TLKNOLOGH
PETRONAS

EVALUATION CHECKLIST
FOR
EVALUATORS

valuation is for Final Year Project: Virtual Tower of Hanoi
answer as appropriate. Your cooperation is highly appreciated.




EVALUATION CHECKLIST

Please answer as appropriate. Your cooperation is highly appreciated.

P x}
LEN N LL R Y

Name (optional): Date:
Age: Gender:

The difficulty of performing assembly task in virtual environment using Tower of Hanoi

1 2 3 4 5 6 7 8 9 10

1 | [ | | | | | | |
I I I

Very difficult Moderate Not difficult

The difficulty of completing the Virtual Tower of Hanoi in time

1 2 3 4 5 6 7 8 9 10
I I | I | ! { ! I |

Very difficult Moderate Not difficult

The effectiveness of performing assembly task in virtual environment; by the means of

Tower of Hanoi

Not effective Moderate Very effective




Level of interest on the Virtual Tower of Hanoi

Not interested Moderate Very interested

The probability of virtual environment becoming an effective means to do task assembly
8 9 10
I 1 1 | |

|

No probability Moderate High probability




Raw Statistics of Evaluation Checklist

Appendix C

The The The Level of | The
difficulty of | difficulty of | effectiveness | interest | probability of
performing | completing | of performing | on the virtual
assembly the Virtual | assembly task | Virtual | environment
task in Tower of | invirtual Tower of | to become an
virtual Hanot in environment | Hanot effective way
environment | time using Tower of doing
using Tower of Hanoi assembly
of Hanoi task
Valid 5 5 5 5 5
Missing 0 0 0 0 0
Min 8.60 7.00 8.00 7.00 8.00
Max 9.00 9.00 10.00 9.00 9.00
Range 1 2 2 2 1
Mean 8.60 8.20 9.00 8.2 8.6
Sum 43 41 45 41 43

1.

The difficulty of performing assembly task in virtual environment using Tower of

Hanoi
Valid Frequency
8 2
9 3
Total 17 5

2. The difficulty of completing the Virtual Tower of Hanoi in time

Valid Frequency
7 1
8 2
9 2

Total 24 5




3. The effectiveness of performing assembly task in virtual environment using,

Tower of Hanoi
Valid Frequency
8 1
9 3
10 1
Total 27 5

4. Level of interest on the Virtual Tower of Hanoi

Valid Frequency
7 1
8 2
9 2

Total 24 5

5. The probability of virtual environment to become an effective way of doing

assembly task
Valid Frequency
8 2
9 3

Total 17 5




