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ABSTRACT 
 

 

 

 

3D maps in mobile devices for navigation aid have been created to overcome the 

weaknesses of conventional 2D maps which require users to interpret its various 

symbols and legends. Now it has become possible to render large and detailed 3D map 

of cities in mobile devices at interactive rates over 5fps (frame rate per second) to 

30fps. Mobile devices with low computing resources may also use manipulated photos 

in order to give the illusion of 3D presentation. Owing to this recent development, the 

concept of 3D representation in mobile devices for multi-users interactive navigation 

aid is proposed. It is aimed at helping people to navigate in unfamiliar locations. In 

today’s world, mobility and communication have become essential. People may 

frequently find themselves asking: ‘Where am I right now?’, ‘How do I get from X to 

Y?’, and ‘How can I tell Z?” The proposed system of 3D maps in mobile devices for 

navigation aid allows several mobile device users to view their own and the other 

users’ locations at the same time, while being stationary or on-the-move. Voronoi 

diagram/Delaunay triangulation and A-star pathfinding are the algorithms for 

establishing user locations and their distances, apart from finding the shortest part 

from Location X to Y. A prototype of this system was developed to demonstrate the 

pros and cons of the practical application of this new concept. This research uses an 

observational research, field experiment, qualitative interview and quantitative survey 

to investigate navigation practices with 3D representation in mobile devices as a 

navigation aid. The research findings include discussion of the features of navigation 

practices with the aid of 3D representation in mobile devices and a critical assessment 

of the factors influencing its usage.  
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 خلاصة البحث
 

 

 

بتكار تطبيقات الخرائط ثلاثية الأبعاد على الأجهزة النقالة للحصول على خدمة مساعدات الملاحة اتم 
تتطلب  التيفي تطبيقات الخرائط التقليدية ذات البعدين لموجودة تنقل للتغلب على نقاط الضعف اوال

قد كان للتقدم في العلوم التقنية فضل ، ومن المستخدمين تفسير رموز ومفاتيح مختلفة لفهم الخريطة
ثلاثية الأبعاد لمدن بأكملها في العرض الخرائط في الوقت الحاضر الممكن  منكبير حيث أصبح 

حتى بالنسبة ف ؛الواحدةفي الثانية  اإطار 03و  5وذلك بمعدلات إطار تتراوح ما بين  ،الأجهزة النقالة
لمستخدم للإيحاء لللأجهزة النقالة ذات الموارد الحسابية المنخفضة يمكن معالجة الصور ثنائية الأبعاد 

ثلاثي الونظرا لهذا التقدم التقني، فإننا نقدم مفهوم العرض  ،أبعاد ةأنه ينظر الى صورة ذات ثلاثب
ة تسهيل التنقل والملاحة لعدد من المستخدمين في هذا الأبعاد في تطبيقات الأجهزة النقالة لتقديم خدم

 ، فقدألوفة بالنسبة لهمالمالتنقل في المناطق غير  علىهدف التطبيق هو مساعدة الناس  إن .البحث
وقد يجد الشخص نفسه يتساءل في كثير من  ، في عالمنا اليومين أااايينأصبح التواصل والتنقل شيئ

المقترح نظام اليتيح ، وهنا "كيف أصل من النقطة ألف إلى النقطة باء؟"أو " أين أنا الآن؟:"الأحيان 
لخرائط الثلاثية الأبعاد للأجهزة النقالة لعدد من المستخدمين إمكانية تحديد مواقعهم ومواقع ل

يستخدم النظام ثلاث خوارزميات . التي التنقل والتوقففي ح ،المستخدمين الآخرين في آن واحد
 ،"Voroni"رام فوروني : لتحديد موقع المستخدم والمسافات بدقة، وهذه الخوارزميات هي

تحديد أقصر المسالك بين النقطتين  وإلى جانب". A-star"اتار -يأو ،"Delaunay"ومثلثات 
التطبيق العملي للفكرة والسلبيات في يجابيات الإبيان تم تطوير نموذج أولي من هذا التطبيق ل ،ألف وباء
قابلات النوعية الم الميدانية وإجراء والتجربة الرصدو البحث اتخداماب قام الباحثحيث  ،الجديدة

 نقالأجهزة ال في التمثيل الأبعاد مع يثلاثالاتخدام العرض امماراة التنقل ب للتحقق من المسح الكميو
 .لمدى فائدة التطبيق للمستخدم نقدياا  البحث تقييماايمقد، هذا فضلا عن تالتنقل في امساعدبوصفه 
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CHAPTER 1 
 

INTRODUCTION 

 

1.1 BACKGROUND OF THE STUDY 

3D Maps integrated into mobile devices for pedestrian navigation support improve 

the efficiency of mobility services. Handheld GPS tools enable people to identify 

the precise latitude and longitude of their present locations or destinations, even in 

the remotest of places. Evidently, the introduction of GPS technology for in-car 

navigation offers new solutions for finding one’s way in urban areas and on the 

highway. Consequently, the social dynamics involved in traveling on the road have 

been transformed (Leshed et al., 2008). However, people still get lost or are unable 

to follow given directions to reach a particular destination. In certain unfortunate 

situations, a wrong turn can mean the difference between life and death (Ellard, 

2010). Technically, the role of 3D maps is to offer more detailed information than 

what is available on conventional maps. Although geographic maps represent any 

space, real or imagined, without regard to context or scale but they have certain 

drawbacks (Airey et al., 1990), as follows: (1) Representation of landmarks is with 

symbols or legends and contours line, which requires map reading awareness. (2) 

Representation of route or road network mostly lacks orientation. (3) It doesn’t 

represent realistic view, (reality as it exist) that is why it requires the translation of 

added legends which may call for a certain level of expertise on the part of the user. 

In the case of a 3D map, the proper reading is generally much easier and symbols 

are more straightforward. Therefore, 3D map representation downloadable on a 

mobile device which represents a certain area in more detail helps the user to 

identify locations and decide which course to navigate at an instant.  
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The creation of 3D visual maps available for mobile devices which can be 

used for pedestrian navigation is the result of the drawbacks perceived with the 

conventional 2D approach (Jiang et al., 2009; Mantoro et al., 2009; Mantoro, & 

Adamu, 2010). The information provided in a 2D map is generally limited due to 

its fixed representation ratio and lack of interaction with the user (Nurminen, 

2008a). The perception and interaction of 2D representations in some cases is 

limited to the interpretation of symbols explained in the legend which not every 

user knows how to use efficiently, however, 2D digital map linked with geospatial 

database generate useful information that will extract clues about the map 

representation. 3D representations, on the other hand, are able to produce realistic 

visualizations of navigation fields. A realistic 3D representation has strengths its 

2D counterparts to not possess, for example, they are much more precise. The key 

benefit of a 3D representation is the higher potential for accuracy in presenting 

spatial data, which is the exact representation of reality and that means reality is 

brought closer by 3D representation. Besides that, it offers a better platform for 

multiple cues and small-scale features which are better suited for pedestrian to 

locate and identify unknown places. There are other related systems which claim to 

be 3D maps although their representation of the environment is restricted or has no 

3D components at all (Nurminen, 2007). For example, car navigation systems 

commonly support 2D projection which creates an illusion of 3D through the 

perspective view even though the actual data are only two-dimensional. Visually, 

these environments can convey the likeness of a 3D special representation. 

Creating a navigation tool with the help of a 3D model in mobile devices is 

undoubtedly a complex task but certainly worth the investment (Oulasvirta et al., 

2005). A functional system capable of delivering an adequate 3D dataset requires 
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that the interface should allow users to display whatever is currently needed as 

quickly and easily as possible. (Mantoro & Adamu, 2010; Nurminen, 2006). 

Therefore, a 3D map of an environment should represent the most detailed 

description of that particular environment possible.     

A mobile 3D map is expected to be at least electronic, navigable interactive 

and real-time rendered, running on a PDA or smart phone. Furthermore, such 

mobile system is expected to be physically small, to fit in the pocket, and 

independent of external power sources. In this context, a device embedded 

permanently in a car is not considered mobile (Nurminen, 2008a). Although this 

might not be always true when considering other forms of handheld computers and 

personal navigation system used mostly when users are visiting unfamiliar places.  

Mobile phones are the most widely used mobile devices used for navigation aid 

and have made considerable progress in enhanced input, computing power, 

memory, storage, and are equipped with graphical hardware for enhanced display 

functions. Combined with wireless networking capabilities and Global Positioning 

System (GPS) reception, mobile devices offer an opportunity to interact with a map 

display showing the current location and orientation, and can even be populated 

with real-world entities, such as moving people and vehicles.  

This research is proposing the concept of a multi-user interactive navigation 

scheme which allows its users to navigate with the aid of a 3D map integrated into 

a mobile device. The efficiency and sustainability of the scheme is proven by 

evaluating the navigation practices involved in the process of interacting with 3D 

representations as part of navigation aids in mobile devices.   
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1.2 STATEMENT OF THE PROBLEM 

People visiting unfamiliar places and searching for particular locations require guides. 

Mobile devices, particularly smart phones, have been equipped with enhanced 

computing resources, wireless networking capabilities, and Global Positioning 

System (GPS) reception. It has become possible to install large, detailed 3D maps 

onto mobile devices at interactive rates of over 5 frame rate per second (fps), even 

without hardware acceleration. Even with 3D hardware, the interactive rates exceed 

30fps, which allows the installation of navigation aided applications.  

Nevertheless, up until now, pedestrian navigation by way of 3D mobile 

navigation aided applications which offer dynamic user interaction have yet to 

become commonplace (Mantoro & Adamu, 2010). Mobile devices featuring multi-

user interactive 3D positioning applications have yet to conquer the market and 

serve the millions of potential users who may benefit from it, despite the huge 

potential this concept possesses.  Uncountable numbers of people frequently find 

themselves asking: ‘Where am I right now?’, ‘How do I get from X to Y?’, and 

‘How can I tell Z?” Since continuous real-time communication between individuals 

has become common practice since the introduction of instant messaging, 

Facebook and Twitter, the situation where two or more people make an appointment 

and want to interact and monitor themselves and others while on the move, arises more 

and more often.  

Only a few studies have been conducted so far investigating how 3D maps 

as part of mobile device applications which contribute to the knowledge of human 

spatial behavior with regard to engagement and disengagement of 3D map 

interaction for navigation. Moreover, pedestrian navigation practices with 3D 

representation in mobile devices have to be considered a feature mobile device 
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services. While considering the above mention problems, there is a need for 

providing solutions to the following problems featured in previous research which 

have yet to be resolved:  

 The concept of 3D maps in mobile devices used as pedestrian 

navigation aids. This is a complex problem. Design solutions can be 

contradictory, namely in cases where the more realistic the 

visualization of 3D details in a mobile device are, the more demanding 

it becomes in terms of mobile device computing resources and the 

screen size of those mobile devices (Nurminen, 2008b). 

 Navigation tasks efficiency while interacting with 3D representations in 

mobile device is a highly context sensitive issue. It might be the more 

realistic the 3D map visualization in a mobile device is and the more 

accurate it becomes, the more users will be able to identify the real 

world; it might not be true or might be too generalized.  

 How dynamic is interactive entity navigation of the environment (i.e. 

‘How do I communicate where I want to go with others?’ and vice 

versa) with 3D representation in mobile devices? This service is not 

currently offered in mobile device services, despite its high level of 

usefulness. For in-car navigation system Leshed et al. (2008) suggest 

that social networking features could be used to promote carpooling by 

linking users with others who commute in similar routes. 

 

1.3 RESEARCH QUESTIONS 

This study seeks to answer the following research questions: 
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i. What concept is capable of providing pedestrian multi-user interactive 

navigation aid with 3D representation in mobile devices? 

ii. What are the appropriate navigation practices taking into account 

engagement and disengagement with environment and mobile device 

while on-the-go and using 3D representation in the device for 

navigation aid? 

iii. What are the factors that influence the use of 3D representations in 

mobile devices as pedestrian navigation aids? 

 

1.4 RESEARCH OBJECTIVES 

Based on the research questions stated above, the objectives of the study are set out 

as follows: 

i. To explore and present a concept of providing pedestrian multi-user 

interactive navigation aid with 3D representation in mobile devices. 

ii. To investigate appropriate navigation practices by engagement and 

disengagement with mobile device and environment while on-the-go 

and using 3D representation in the devices as a navigation aid. 

iii. To investigate the factors influencing the use of 3D representation in 

mobile devices as a pedestrian navigation aid. 

 

1.5 RESEARCH METHODOLOGY  

The methodology of the research is briefly described in the following outline:  

1. Basic research in evaluating a concept suited for the proposed 

pedestrian multi-users interactive navigation aid with 3D representation 

in mobile devices. 
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2. Designing a study employing a triangulating, ethnographic 

observational method with qualitative interview techniques and 

quantitative survey to evaluate navigation practices for pedestrian with 

the aid of 3D representation in mobile device. 

This methodology been chosen for this research because it can be observed 

that there seems to be a huge departure from what 3D map applications in mobile 

devices offer and what people say these applications can do compared to what 

these applications actually do or what they are supposed to do. The only way to 

ascertain the truth about these applications is through observation, experiment and 

both qualitative and quantitative approach. However, there are also aspects which 

users fail to mention or perceive during a face­to­face interview conversation. 

There also seems to exist a measurable discrepancy between what people do with 

the navigation assistance in general and what they claim. Thus all these 

unanswered questions can be resolved by observing the relevant details in an 

experimental setting. Although observation generally alters behavior in the sense 

that in the presence of an observer a person or group may demonstrate changed 

behavior, nevertheless mixing covert (unnoticed observation) and overt (noticed 

observation) in an experiment would help in extracting facts that can produce a 

sufficient amount of data which can be interpreted and used to better understand 

the problem under consideration. The observational field study is aimed at 

highlighting incidents of environmental engagement and disengagement while 

using 3D representation in mobile devices. Its purpose is to closely observe a 

navigation scenario where people navigate from one location to another while 

maintaining orientation in the physical world, attending to landmarks along the 

way, and socializing with other people. A similar study focusing on car navigation 
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entitled “In-Car GPS Navigation: Engagement with and Disengagement from the 

Environment” has been completed by Leshed et al. (2008). Furthermore, the 

models developed by Kim et al. (2009) and Darken and Peterson (2001) are used 

and some of their variables are deemed to be evaluated during both experiment and 

observational studies. Thereafter, both quantitative and qualitative studies followed 

in order to provide more depth to the analysis of the result.  

 
 

1.6 SCOPE OF THE RESEARCH 

The scope of this research lies within navigation practices with 3D map view in 

mobile device as a navigation aid and providing positive evidence in support of the 

concept of multi users interactive navigation practices. This is undertaken by 

developing a prototype, experiments and both qualitative and quantitative 

evaluations within but not limited to the scope of the following aspects: 

 The use of 3D maps designed with 3D computer graphics applications 

(3D graphics design software), in particular (3Ds Max 2010). This is 

because in order for the 3D model to be suitable for mobile devices, 

model simplification techniques need to be used. 3Ds Max provides in-

core model simplifications object that help in reducing the model size 

at the same time maintaining its recognizability. However, other 3D 

graphics software also provide model simplifications objects. 

 User studies and field experiments as methodology for validating the 

use of 3D models in mobile devices for navigation.  

 Qualitative interview and quantitative survey as the methodology for 

extracting additional facts from well informed experts. 

 
 




