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ABSTRACT 

Augmented Reality (AR), an advance technology that changes the way people viewsthe 

world and the way people interact, not only interacts with the system but also with the real 

environment of surrounding.In this project, AR technology and screen interaction technique 

are implemented into an android mobile platform for dinosaur exhibition by using Unity and 

Vuforia SDK as the development tool. The purpose of this project is to enable a real 

environment tobecome an AR dinosaur environment in order to allow user to view the 

exhibits in different orientations and directions and to also interact with the exhibits. The 

system includes the multi-markers interaction and AR shooting game by using screen 

interaction technique.Results indicated that the system provided an intuitive and exciting 

manner which gave a new experience for user to interact with the dinosaur contents even 

though there are still some limitations such as lighting condition and viewing orientation of 

camera to marker. 

Keywords: augmented reality, screen interaction technique, android mobile platform, AR 

dinosaur environment, multi-markers interaction, AR shooting game 
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ABSTRAK 

Augmented Reality (AR) adalah sebuah teknologi canggih mengubah cara orang memandang 

dunia dan cara pengguna berinteraksi dengan teknologi dalam persekitaran yang sebenar. 

Dalam projek ini, teknologi AR dan teknik interaksi skin dilaksanakan dalam sistem mudah 

alih android untuk pameran dinosaur dengan menggunakan Unity dan Vuforia SDK sebagai 

alat pembinaan. Tujuan projek ini adalah untuk membawa keadaan sebenar persekitaran 

menjadi persekitaran dinosaur AR untuk membolehkan pengguna untuk melihat pameran 

dalam orientasi dan arah yang berbeza, dan berinteraksi dalam pameran tersebut. Sistem ini 

merangkumi interaksi multi-markers dan permainan menembak AR dengan menggunakan 

teknik interaksi skrin. Keputusan menunjukkan bahawa sistem tersebut telah menyediakan 

cara intuitif dan menarik yang memberikan satu pengalaman baru bagi pengguna untuk 

berinteraksi dengan dinosaur maya walaupun masih terdapat beberapa batasan seperti 

keadaan lampu dan melihat orientasi kamera untuk penanda. 

Kata Kunci: augmented reality, teknik interaksi skin, android, persekitaran dinosaur AR, 

interaksi multi-markers, permainan menembak AR 

 

 

 

 

 

 



1 
 

CHAPTER ONE 

INTRODUCTION 

Introduction  

Museum is a place for preservation of past and for developing a conceptual 

understanding for visitor about the historical museum collections and exhibitionmaterials that 

represent the world’s natural and cultural common wealth. Digital technologies have been 

having massive growth in the last few years. 

 In this project, Augmented Reality (AR) technology is implemented in android 

platform for museum exhibition. The interactive 3D model and interactions in the application 

provide a new experience for users. Augmented Reality (AR) is an enabling technology that 

overlay virtual object in real environment and allows real time interaction between user and 

virtual object. The system in this project includes multi-markers interaction and AR shooting 

game. 

For multi-markers interaction, single marker is detected and the AR feature of 

dinosaur will popped out on screen and allow user to scale the size of the virtual object by 

using fingers touch on the screen. Moreover, some options allow user to select and view the 

different virtual dinosaurs or objects. When two markers are detected in the same time, 

different user interface will popped which allow user to click on the interaction button and 

view the interaction between the virtual objects and the two markers. 

AR shooting game provides an opportunity for user to have a different experience to 

be the First-Person-Shooter based on 2D interface by using touch-screen interaction 

technique to shoot the enemies in real environment.Two levels are given for user to challenge. 
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Background of the Study 

Augmented reality (AR) mix virtual and real world is a combined view on a screen 

which allows real time interaction between user, virtual object, and real world, and it runs 

with 3D objects in the right place with the real perspective (Krevelen & Poelman, 2010). 

Computer graphics is used as the rendering tool used to generate the image into real world in 

order to enhance user recognition and interaction of user with computers efficiently (Kim & 

Kim, 2014). As AR technology revolutionizes rapidly, it is widely used in mobile devices as 

to enrich real world experience.   

The first inventor of augmented reality system was Ivan Sutherland in early 60’s, but 

the system was only presented with the simple wireframe image in real world (Arth, Grasset, 

Gruber, Langlotz, Mulloni, & Wagne, 2015). However, AR technology is used increasingly 

advance in different industry sectors recently. There are different areas of application  that 

benefit from augmentation such as Industrial and military applications, entertainment, 

medical, and education and training.  

Museum is a place for study, conservation, acquisition and exhibition which exhibit 

all collections that  havescientific, historical or artistic value (“What is a Museum”, n.d.). In 

earlier museums, theyusually displays the static collections and descriptions identifying what 

the objects are and other related information. The digital technologies are widely 

incorporated in different museums and they gives a new dimensional for visitor to experience 

the sense of reality that enables them to have physical contact with the objects in museum 

(Asghar & Nauman, 2010). According to Hassan (n.d.), AR technology increase the 

museum’s signage by generating the enjoyable feeling of users when they access information 

from the interactive display AR system during their visit at the museum.  
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Problem Statement 

In Malaysia, a lot of museums have been established such as Museum Sarawak, 

National Museum, Chitty Museum, Camera Museum and so on. According to Jabatan 

Muzium Malaysia (2011, 2012, 2013, 2014), the overall percentage of museum visitors in 

Malaysia had decreased by -2.28% from 2011 to 2014. All collections in the 

museumsarestatic and visitors arenot allowed to have physical contact with the objects in 

museum because all of these collections areprotected in racks and behind glass (Asghar & 

Nauman, 2010). Apart from that, some of the collections are not possible for all of them to be 

exhibited in the same place as the size of the environment is limited. Many museums also 

have the problem of providing an appropriate way to care of the valuable collections 

(Johnson & Horgan, 1979). A high cost is needed for a museum to protect the whole 

collection, such as the equipments used, to avoid from being destroyed. Thus, there is some 

disadvantage by using the conventional way to exhibit the collections forvisitors.  

Nowadays, there are many different types of technology used for presenting museum 

exhibition. One of the technologies is using audio-based guidebook that provides the 

opportunity for visitors to experience the exhibition with the information transmitted through 

sound channel (Gebbensleben, Dittmann & Vielhauer, 2006). According to Grinter et al. 

(2002), the challenges faced by this kind of technology are noise making when the automatic 

display of the sound during visiting or the uses of headphone or earphones, these also isolated 

users from the museum. Another technology used is cinematic technology using PDA screen 

for visitors to find the information details , which increase educational values, and when … 

detected, a set of pictures with audio sounds will be presented (when visitors’ location are 

detected)  (Zancanaro, Stock & Alfaro, 2003). However, the interaction between visitors and 

other visitors or with real world environment will decrease when they are using the system. 

Grinter’s et al. (2002) study also points out that social interaction is important for visitors in 
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museum which enables them to share content with each other. Since the interface isfully 

rendered with the virtual environment, it will decrease social interaction among them and 

with the real environment. 

Augmented reality technology is widely applied in applications for museums in many 

countries. ArcheoGuide AR system is the one of application to access virtual museum that 

provides outside viewing (Vlahakis et al., 2001). However, Vlahakis’s et al. (2001) study also 

found that most of the users perceived the system as difficult to be used especially for older 

users and they felt tired when using it. Moreover, the low contrast lighting of the screen due 

to the direct sunlight when staying outside became an issue for users to see the content on the 

system interface.    

Objective of Study 

General Objective  

The general objective of this project is to implement AR technology to application 

that enable an empty room to become an AR dinosaur environment. The system developed 

will enable the user to use their mobile phone visit through environment and view the three 

dimensional virtual dinosaur in real world by scanning target images.  

Specific Objective  

i. To design and develop an interactive mobile AR Dinosaur Museum. 

ii. To implement multi-markers with screen interaction technique in the Android AR 

platform for dinosaur exhibition using Android Unity and Vuforia. 

iii. To evaluate the effectiveness of the AR system. 
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Scope of the Study 

The scope of the study is to develop an interactive AR system by displaying the 3D 

museum dinosaur in real world using AR technology. The system will provide an interactive 

experience to visitors which allows them to have physical contact with the virtual museum 

dinosaur in real environment. Visitors will be able to acquire the knowledge from the AR 

Dinosaur Museum through different sensory such as visual and audio, since the system will 

provide touch-screen interactions such as text, music and the display of 3D dinosaur 

animations on screen. The design of museum is telling story behind display and involving 

visitor’s learning process through the interactions.  Visitors have to install the application in 

their Android phone and need to scan the target image in the real environment in order to 

view the 3D museum dinosaur in real time and the scene will render on the screen. 

Significant of the Project 

The significant of the project is to provide a new dimension of the way to exhibit 3D 

dinosaur in museums in Malaysia. AR offers a better human interaction with the real world 

and increase awareness by allowing the virtual content to be mixed with the real world in real 

time (Uijtdewilligen, 2010). The technology will be implemented in the application in order 

to increase user’s interactive experience using an exciting manner. Moreover, the system will 

also provide a good protection for the valuables in Dinosaur museum from damage during 

exhibition. This is because all the real exhibition will be instead of a paper as the image target 

that allow visitors to scan it and view the virtual dinosaur in the real world. Since the AR 

museum will provide the new dimensional of view for visitors, it will potentially increase the 

visitor’s curiosity and thus, increase the percentage of visitors in Malaysia.  
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Definition of terms 

Augmented Reality 

Augmented Reality is a technology that allows the real time interaction with the 

digital information that is overlaid in real world (Augmented Reality Media, n.d.). The 

technology is able to enhance the users’ experience to see, hear and feel of their environment 

in this new way (Krevelen & Poelman, 2010). 

Dinosaur Museum 

The museum is the place for dinosaur fossil collections to be exhibited and protected 

and is available open for public view. A lot of different types of dinosaurs are exhibited and 

its history descriptions are also provided inside the museum. 

Interaction with Augmented Reality 

Interaction is an action that allow user to interact with the virtual objects in real time 

using the system that mixes reality. User is able to manipulate the different view of 3D 

objects in the system directly by pressing on the virtual buttons. The semi immersive system 

made interaction with users more natural when using of it. 

Summary 

 This chapter introduced the overview of the project. The objective of this project is to 

design and develop an AR Dinosaur Museum application that provides different experience 

for visitors when using of it. The system when deployed in android phone,enablesvisitors to 

scan on image targets to view the 3D toy in real world shown in their phone. Apart from that, 

background of study, problem statement, significance of study, scope of study, definition of 

terms are also discussed in this chapter. The following chapter will discussthe literature 

review of this project.     
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CHAPTER TWO 

LITERATURE REVIEW 

Introduction 

This chapter reviews the augmented reality (AR) research and the applications using 

this technique in different fields. Moreover, the interaction technique and enabling techniques 

for AR system are also discussed in this section.  

Augmented Reality 

Augmented reality is a technology that combines virtual and real world by overlaying 

virtual information in real environment which will render in three dimensions (3D) 

perspective and allow user  to have real time interaction (Azuma, 1997, as cited in Olwal, 

2009). This technology used to allow users to interact with both the real environment and 

virtual objects instead of completely virtual environment when using the application. In 1994, 

the combination of virtual reality and real world in a view that is called mixed reality, was 

first introduced by Milgram et al (as cited in Zlatanova, 2002). Figure 1 shows the overview 

of all systems of the mixed of real and virtual world and provided a good discussion of the 

differences display situation for the different techniques used in the systems.   

 

 

 

 

 

 

Figure 1 Milgram’s Reality-Virtuality Continuum 
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Milgram’s Reality-Virtuality Continuum 

By moving from left to right along this continuum,reality decreases and move toward 

virtual world. In other words, the left indicates a total real-world scene displayed like the 

conventional display, which is a direct viewing of the real environment;  the right indicates 

only virtual objects will be displayed(Milgram & Kishino, 1994).  In the middle of continuum, 

it will be the system that has the combination of real and virtual environment, which is the 

using of AR technique. According to Vallino (1998), the goal of AR system is to provide the 

combination of interactive real world and interactive computer-generated world and allow 

users to have a better performance on real world task. 

Application for Cultural Heritage 

SCULPTEUR (Semantic and content-based multimedia exploitation for European 

benefit) 

This project is to develop a high resolution of 3D objects that represent the collections 

in museum by using stereo and silhouette techniques (Sculpteur, 2003). All of these 3D 

objects were stored in database and other multimedia was used to manipulate the data. The 

system enables users to visualize and explore more information in the museum through 

searching on the application. The technology used increases the understanding  of cultural 

heritage by using interactive graphic which are displayed on the screen.  

3D Morale (3D Measurement and Virtual Reconstruction of Ancient Lost World of 

Europe)  

According to Gool, Pollefeys, Proesmans and Zalesny (2002), the purpose of this 

project wasto develop a system that allows 3D capturing and provide findings of visualize 

archaeological. This system used the 3D multimedia tools to record, reconstruction, encode, 
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visualize and search the related archaeological information (Houshiar et al., 2013, p.164). All 

the archaeological content as well as the metadata information were stored in database and 

the metadata information enables users to access the content from Internet by using the search 

engine (Ping, 2008). Pingalso stated that the system provided different kinds of interactive 

multimedia such as image, videos, and sounds for educational value and incorporate all these 

information into the virtual world.      

ARCHEOGUIDE (Augmented Reality based Cultural Heritage On-site GUIDE) 

ARCHEOGUIDE is the AR system that provides the 3D visualization of live video 

for visitors to assist them in understanding the historical tour place by rendering the 3D 

models in their current places in real time, the rendered models including the creation of 

ancient ruins, the appearance of it, description of historical person, or even the ruins that no 

longer exist (Lee, n.d.). Almeida (2002) points out that the visitor’s can move freely arounds 

the surrounding with different augmented views in the range of 5 meters using the 3D 

tracking system. Figure 2 shows the original place and the augmented image using 

ARCHEOGUIDE system. 

 

 

 

 

 (a) Original image         (b) Augmented image 

 

 

Figure 2. Original image and augmented image 
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Augmented Reality in Other Fields 

Recently, augmented reality technique is widely applied in various domains since it can 

enhance the real world experience, unlike the traditional technique which solely displays the 

virtual world caused to the decreasing of reality. This section discusses aboutusing of 

augmented reality in different fields.   

Education 

Augmented reality technology has been implemented in many education fields that 

provides the good interactive interface for students to experience the new learning 

environment. The technology provide the 3D representation onto a real-world which allowed 

people to visualize the more complex 3D objects in different perspective (Thornton, Ernst & 

Clark, 2012). Kaufmann and Schmalstieg (2003) also found that the 3D geometric can 

enhance student’s understanding when they seethe model in different sides. MagicBook is the 

one of the application for educational purposes that allow users to see the virtual objects 

whereby 2D text will on AR screen when they scan through the real book (refer figure 3) 

(Billinghurst, Kato, & Poupyrev, 2001).  The application allow users to have the feeling of 

being there and experiencing the story. 

 

Figure 3. MagicBook 
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Entertainment  

Entertainment industry has been developing the AR game to enhance the visibility in 

the aspect of game which allows interaction between players and the environment (Mekni & 

Lemieux, 2014). Azuma (1997) have explained that since the only computergenerated all the 

augmentation features, the industry see this as the one reason that would required only the 

low costs to support the process of developing the AR game. According to Maes (1995), 

ALIVE project is an interactive story telling application that allowed computer-generated 

animated characters in virtual novel environment to respond to user’s actions by using the 

wireless tracking system (refer Figure 4). The directing of visual and auditory feedback is 

also provided to user in order to elicit some reactions and the current stated in the game.  

 

Figure 4 Demonstration for ALIVE system 

Interaction techniques  

Interaction techniques play an important role in immersive environments by giving 

the opportunity for user to explore in real world environment and interact with virtual objects 

in AR scenario (Clouth, 2013).  Poupyrev, Ichikawa, Weghorst and Billinghurst (1998) 

suggested that the techniques can be classified into two categories, which are egocentric and 

exocentric interaction. They stated that egocentric interaction immerses people in virtual 
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environment whilevirtual objects in the environment beingmanipulated by people using 

virtual hand and virtual pointer is calledexocentric interaction.   

Mobile AR 

Mobile AR is the handheld device that providedtouch-screen input for users to 

manipulate the virtual objects with less effort (Clouth, 2013). For touch-based interaction, 

user needs to fix the live camera in a real-world environment so that user can manipulate the 

virtual objects in the AR scene. Olwal (2009) stated that “the direct-manipulative property of 

touch-sensitive surfaces is often viewed as natural, intuitive and easy to use” (p. 13). Another 

interaction is gesture-based interaction which allowed interaction between virtual objects and 

users by using their finger or hand extended into the/their augmented environment (Clouth, 

2013). The gesture of users acting as interaction instruction will be detected by simple 

computer-vision based techniques (Mistry, 2010). 

Tangible AR 

The physical objects in tangible interface have the properties for users to use it and 

attached to the virtual objects, the feeling of being there will occur and it can enhance 

users’performance on manipulating some tasks (Kato, Billinghurst, Poupyrev, Imamoto & 

Tachibana, 2000).  Poupyrev, Tomokazu and Weghorst (1998) introduced the Virtual 

Notepad that uses immersive handwriting method for user to take notes in virtual 

environment. The study also illustrated that the system allowed users to physically move the 

pen close to the tablet so that they can actually write on it using virtual pen when the tablet 

successfully sense the position of the pen within 4 - 5 mm aboveit. The interaction used is 

easy to executesince the actions made is likenedto their everyday experience.  
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Collaborative AR 

The face-to-face interaction for multiple users in which the interface supported the co-

located activities,is capable to communicate with each other since they shared the same type 

of collaborative information (Billinghurst, Weghorst & Furness, 1998). Mobile platform can 

also support the collaborative work by implementing the face-to-face collaborative AR 

system (Reitmayr & Schmalstieg, 2001). Kaufmann’s (2003) study stated that the interaction 

technique also can be applied into educational fields by using the natural means of 

communication to encourage multiple users in collaborative learning in the augmented 

environment.  

Review of Manipulation Techniques  

Multi-touch 

There is various multi-touch techniques that can be used to manipulate object with 

6DOF in a three-dimensional environment (Hancock, Carpendale & Cockburn, 2007). The 

study of Hancock, Carpendale and Cockburn (2007) stated that one touch input technique 

provides a single touching on a point (2DOF) of an object and enables control with 

5DOFmovement; two-touch input technique implemented with RNT algorithm allows users 

to use two points of contact (4DOF input) to move an object and this allows for 2D rotation 

of an object while for the three-touch input technique,it allows users to perform translation 

and rotation of an object simultaneously on the screen by using  their first touch point, second 

touch point and third touch point. According to Marzo, Bossavit and Hachet (2014), this 

multi-touch technique has the disadvantage ofnot being suitable to small screen handheld 

devices because the bigger size of finger has the difficulty oftouching something on the 

screen.   

 


