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Abstract 

This paper looks at the creation of 3D indoor models using a gaming-engine. Gaming engines 

are well known and have been widely used for many years. They are the core of any video-game. 

They provide a rich set of tools for representing and interacting with virtual ‘imagined‘ 

environments. They can also be used to represent virtual ‘real’ environments such as the interior of 

buildings. This study examines the use of a gaming engine for indoor modeling for the web and 

mobile platforms and discusses the suitability of a gaming engine for creating interactive and 

feature rich indoor models. The concepts are tested by creating an indoor model of the second and 

third floors of the Menzies building located on the Upper Campus of the University of Cape Town. 

The implementation of the gaming-engine allowed for the system to be labeled as a navigation aid 

as well as allowing for user interaction with surroundings. The system is web-based.     

 

1.  Introduction 

Indoor modeling is a subject that has been gaining greater interest over the last decade. The 

emergence of mobile computing devices together with the various sensors available on these 

devices has now made the navigation of indoor environments possible. This navigation can be done 

in two or three dimensions. Navigation in two dimensions is comparatively simple and well 

researched. However, indoor navigation in three dimensions is still a subject of research, with 

particular attention being paid to the structure of the models used and the efficiency and efficacy of 

the navigation models. 

 

Gaming engines already provide the platform for modeling and navigating „imagined‟ indoor 

environments. Therefore, as a tool it is a natural choice for modeling „real‟ indoor environments. 

Whether they are entirely suitable for creating navigable models on mobile devices is still a matter 

of research as is the nature of a navigable indoor model on a navigable device. 

 

This paper investigates what features an indoor navigable model should have and whether a 

gaming engine is a suitable platform for creating and deploying such models. These concepts are 

tested by creating an actual indoor model. 

   

1.1 Gaming-engine 

A gaming-engine represents the core software component for applications that utilize real-time 

graphic displays such as video games and any other applications that utilize 2D and 3D rendering in 
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real-time (Sharakawi et al., 2008). 

The 3D gaming-engine is packaged as a Systems Development Kit (SDK). The SDK consists of 

several core components that provide the tools for developers to create, edit, test, and deploy their 

applications. These components are a rendering engine, media engine, physics engine, scripting 

functionality, Artificial Intelligence (AI) and networking capability. The renderer allows for the 

display of the respective 2D and 3D scene and thus it provides a medium in which the user may 

interact with the environment based on the display. The renderer serves as the most critical 

component as it is the component that the user interacts with.  

 

In a 3D environment a gaming engine defines the game environment, the objects that reside in 

this environment and the characters or players. The engine‟s Artificial Intelligence (AI) governs the 

reactions of computer-controller characters or Non-Player characters (NPC‟s). The AI component 

serves as another integral component of the gaming-engine as it provides direct response to 

interactivity made by the user. The AI can be described as the cognitive component that provides 

the “thinking” on the user‟s behalf. A key element of the AI is the ability of “path-finding” or 

navigation. This ability is harnessed in this study.   

 

1.2  Virtual environments 

Virtual Reality (VR) was popularized in the 1990s. Virtual reality allows a user to be immersed 

into a three-dimensional virtual world, where the user is able to interact with the environment based 

on 3D input devices such as a keyboard and a mouse. The user also receives visual, audio and 

haptic input from displays, speakers and haptic devices respectively.  

 

Virtual environments are found in many fields ranging from manufacturing, to medicine to 

psychotherapy and design (Burigat and Chittaro, 2007). The evolution of virtual reality has 

benefited from a combination of technologies such as computer graphics and 3D input technologies 

such as positioning sensing and output devices. Examples of output devices are monitors and head-

mount displays. There are various forms of VR systems and the type of VR system is dependent on 

the various input and output devices. For instance, there are fully immersed VR environments 

whereby the VR uses a head-mount display, voice recognition and a 3D glove. Contrary to this, 

Screen-based VR systems base itself on the usage of a monitor instead of a head-mount display. 

The development and affordability of Screen-based VR systems make it the more common and 

practical form of VR system. In the application of VR to indoor environments, the Screen-based VR 

system provide the ideal environment for indoor visualization and it allows for the user to interact 

with surrounding the surrounding environment (Du et al., 2010).  

 

Another important subject in virtual environments is realism because it influences the visual 

accuracy and effectiveness of the virtual environment. Realism affects the user‟s sense of 

immersion. There sense of immersive can be enhanced with for example colors, textures, lighting, 
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and shadows. These textures may either be image-based or artificial textures. For the purpose of this 

works, the focus falls on artificial texturing. In indoor environments it is important to recreate the 

lighting as realistic as possible so that it imitates the situation in the real world. In addition to this 

the implementation of shadows in the virtual environment is as important in terms of enhancing the 

realism of the environment (Bin, 1998).  

               

2.  Related works  

2.1 Position determination 

The field of indoor modeling has received an increase in attention in recent times. In these 

models a user‟s location is determined by using various sensors and positioning techniques. For 

example, Davison et al (2007) developed real-time SLAM (Simultaneous Localization and 

Mapping) systems utilizing monocular cameras (Davison et al, 2007). Working coherently with 

SLAM is the Parallel Tracking and Modelling Systems (PTAM) that uses SLAM techniques. These 

systems represent implemented real-time systems however the problem they face is that they are 

scale dependent. However, due to the complexities of indoor environments based on the lighting 

and the lack of textures interactive approaches based on human input have been proposed. Debevec 

et al (1996) is an early example that utilizes photographs to develop very impressive façade models 

and visualizations (Debevec et al, 1998). Also, Sturn et al (2000) used interactions to extract planes 

from images (Sturn et al, 2000).             

 

The positioning of a user in an indoor model is outside the scope of this work. However, it is 

important to discuss here because the navigation in the final model will rely heavily on locating the 

user‟s position in the model. 

 

Location positioning is an essential component to navigation and it is the ability to find the 

geographical location of a mobile device e.g. airplane, ship, mobile phone. This has always been an 

important aspect to mankind dating back to the beginning of time when stars were used as guides on 

ships (Lenihan, 2004). 

 

The use of Wireless Local Area Network (WLAN) technology to determine the position of the 

user in an indoor environment was first envisioned by Microsoft Research and is called RADAR 

(BP00). RADAR works by determining the location of the user based on the combination of 

empirical measurements with propagation modeling (Lenihan, 2004).     

 

There are various other methodologies that allow for personal location within indoor 

environments. However, the WLAN technique proved to be most applicable. The reason for this is 

that the WLAN technique can be implemented with the least effort as the associated hardware is 

most readily available and it is based on existing infrastructure. In addition to this it is also most 

accurate, as the signal strength displays high spatial variance and WLAN chipsets are easily 
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programmed (Binghao, Salter, Dempster, & Rezos, 2007).    

WLAN aims to provide local wireless access to fixed network architectures. The market of 

WLAN implementation is growing rapidly due the flexibility, mobility, connectivity and low cost 

of this technology that meets consumer needs. A group of specifications has been ratified and the 

industry standard is the 802.11b that is also referred to as the common “Wi-Fi”. It operates up to 

11mbps in the 2,4Ghz band. (Binghao, Salter, Dempster, & Rezos, 2007)   

 

2.2 Modeling and navigation 

The focus of this research was on creating a 3D navigable model of a „real‟ indoor environment 

for use with mobile devices. Bin (1998) developed a similar system based on extruded floor. The 

realism of the models was enhanced by textures, lighting and the inclusion of stock objects. The last 

implemented component was the walk-through engine that displays the environment in an 

interactive manner. This was accomplished via the Potentially Visible Sets (PVS) methodology that 

accelerates the rendering of 3D environments (Bin, 1998).     

 

Fritsch et al (2004) implemented a similar concept by using a gaming engine. In addition to 

visualization capabilities, a gaming engine also provides sound, networking, physics, AI and GUI 

toolkits. Fritsch et al (2004) begin their process of indoor visualization by data acquisition and 

capturing. The creation of 3D virtual environments takes place in open-source editors and these 

environments are termed as “maps”. The maps are modeled via “Constructive Solid Geometry 

(CSG)” which includes the logical combination of spheroids, pyramids and cuboids. Emphasis was 

placed on the creation of a coarser model at first followed by the addition of finer details. 

Thereafter, the model may be texture mapped via photographic imagery or artificial texturing. 

However, the engine does not recognize the “map” and thus it must be transformed into a 

“Boundary Representation (B-Rep)” (Fritsch and Kada, 2004). 

 

The next aspect that Fritsch et al (2004) included in their work was the notion of functionality 

and interactivity added to the model. According to Fritsch et al (2004), the element of path-finding 

was critical to their system and it was implemented via a path-finding algorithm utilized by artificial 

intelligence (AI). Pfeiffer (2002) states that the implementation of a path-finding algorithm allows 

for a virtual environment to be transformed into an indoor navigation system that guides users 

through a virtual building (Pfeiffer, 2002). Pfeiffer (2002) implements a virtual navigation guide of 

a museum based on the video game, Max Payne gaming-engine (Pfeiffer, 2002).   
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Figure 1. Interface of the Max-Payne video-game (Fritsch and Kada, 2004) 

 

Through the works mentioned above, it is evident that 3D game-engines can be used to develop 

mature visualization applications. Modules within the gaming-engines allow for physically correct 

walk-throughs or fly-overs to be developed. These systems can be implemented in application areas 

such as emergency response, tourism, planning and traffic management. Game-engines serve to 

provide and make available the visualization of photo-realistic and textured landscapes to almost 

everyone. Navigation systems designed for mobile devices with positioning capabilities (WLAN) 

have a wider range of uses e.g. indoor positioning and navigation.   

 

3.  Objective of the study 

These studies mentioned above were done when mobile computing devices were in their infancy. 

The objective of this study is to determine the qualities desirable of visualization/navigation 

systems for indoor modeling on mobile platforms and whether gaming engines are a suitable 

platform for designing and deploying such models.  

To achieve the above objective a visualisation/navigation system for an indoor model was 

designed using a gaming-engine. The system comprised of levels 3 and 4 of the Menzies building 

located on the Upper Campus of University of Cape Town (UCT). The system is web-based 

(applicable to mobile devices). The goals of the system include: 

 

 Designed for mid-range to low-level graphic devices to enable smooth running of the system 

 Realistic environment and thus shading, illumination and texturing must be accounted for 

 Enable different navigation perspectives that appeals to user preferences  

 Path-finding is essential to the system to allow for navigation based on user input 

 Spatial data such as location information must be provided to the user 

 Data downloading time must be reduced when the system is utilized across the Internet 
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The intended application of the system is to serve as a 3D virtual navigation aide. It encompasses 

the process of path-finding whereby the user can define a start and end point within the environment 

and the shortest path will be found.  

 

4.  Methodology 

The development of the system consisted of two phases, Modelling and the Virtual/Dynamic.  

 

4.1 Modelling phase 

The modelling phase represents the generation of the 3D model referred to as the “Building 

Model (BM)” which only serves as a visualization purpose and only represents the physical 

geometry of the building (Karas et al, 2003). The BM is created via the digitization of 2D shapefiles 

that represent the respective floor plans of each level and then extrusion takes place to form the 3D 

model (see Figure 2). The models were then texture mapped via artificial texturing in order to 

enhance realism. Artificial texturing was preferred to image-based texturing because of the 

additional effort required to precisely map images onto the model. Incorrectly mapped images result 

in visual inconsistencies (e.g., incorrect matching of features, shadows, etc.,) that disturb the 

realism. To further enhance the realism of the environment, stock objects from 3D warehouses (e.g., 

Google 3D Warehouse) were included in the model.  

 

4.2 Virtual/ Dynamic phase 

This phase deals with the development of the virtual and interactive aspect of the system. The 

gaming engine Unity 3D was used in the development of this aspect of the system. The created 

models were imported into Unity as an .FBX format as it resulted in the highest texture quality. The 

physics component of the Unity engine was used to handle collision detection which was necessary 

to avoid navigation through solid objects or surfaces (e.g., walls, stock objects).    

 

4.2.1 Network Analysis in Unity 

Navigation is achieved using a grid imposed on the floor plan. The shortest path in the grid is 

then calculated between two locations within the environment, under the condition that a path may 

not intersect a solid surface or a stock object (e.g., walls, stock objects). A package called 

“Dynamic Navigation” within Unity provides this functionality. Dynamic Navigation works by 

overlaying a grid over the floor in the model. The purpose of the grid is to detect “walkable” and 

“non-walkable” regions. In Figure 3 and 4 walkable areas are marked in blue and non-walkable 

areas in red. The earlier implementation of colliders on the models allows for solid surfaces to be 

detected as “non-walkable”. The AI uses a green capsule to mark out the navigation route through 

the model. The route is based on locations set within the model.  
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Figure 3. Grid created using Dynamic Navigation for Level 3 and 4 

 

 

Figure 4. AI capsule in relation to grid created for Level 3 

 

4.2.2 Graphical User Interface (GUI) in Unity 

 The Graphical User Interface or GUI provides the interface of the system that the user interacts 

with. The design goal of the GUI was for it to be user-friendly, efficient, and intuitive. The GUI was 

implemented via Unity‟s in-built GUI package, UnityGUI. UnityGUI is based on a scripting 

framework that produces GUI controls that are instantiated, positioned and then handled with a 

single function call.  

 

5.  Results 

5.1 The System: Menzies Map 

The results of the modeling of Level 3 and 4 of the Menzies building is described below. The 

layout of the screen (Figure 5 and 6) is composed of the main map, which fills the whole screen and 

a mapping guide, located in the top right corner. At startup the user is located at the entrance of the 

building. The reason for this is that it allows for a starting point of navigation to be established and 

the most relevant location would be the main entrance of the building. The user‟s location is 

indicated by a green capsule. The map guide provides a birds-eye-view perspective of the model 

and shows the location of the user on a floor. Located on the left side of the screen is a toolbar 

(Figure 6). This tool controls the functions of the system. The functions of the system include 

routing, changing camera perspective, search for a location, free roam, information and help. 
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The Routing functionality handles navigation within the model and offers a 1
st
 or 3

rd
 person 

perspective of the model. It also allows the user to define a start and end point based on a drop-

down list populated by the various locations set within the model. After user selection, the AI will 

traverse in real-time between these two locations based on the calculated shortest path. The path is 

painted in green and the capsule is shown moving along this path. The user is also allowed to switch 

between the 1
st
 person and 3

rd
 person perspectives. 

 

Another functionality added to the system was allowing the user to keyword search for a location 

within the indoor environment. The functionality includes auto-complete capability to aid the user. 

This is particularly useful for providing hints to users who are unfamiliar with building.   

 

 

Figure 5. AI traversing between two locations and painting path (in green) 

 

 

(a) 
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(b) 

Figure 6. The different camera perspectives of the system: (a) 1
st
 person perspective and (b) 3

rd
 

person perspective. 

 

The ability to freely move/roam within the 3D virtual environment was also developed. This is 

necessary for users who wish to examine the environment around them. When navigating in Free 

Roam, users will meet two types of hotspots. These icons are either information hotspots or 

teleportation hotspots. When the user is in proximity of an information icon they are provided with 

additional information about the location, e.g., imagery as in the bottom right panel in Figure 6.  

Teleport icons transfer the user from one location in the environment to another. An example use 

of this is elevators. In the developed system, approaching a teleport icon will take the user from the 

1
st
 to the 3

rd
 floor, Figure 7. When the user approaches the teleport icon, a modal window displays a 

photograph of the elevator and a button, that when clicked, allows the user to traverse between the 

floors. There are many possible uses of teleports, such as moving a user from their current location 

to another building. 

 

 

Figure 6. Information icons with modal window displaying pertaining information and image 

 



 

 

10 

 

Figure 7. Elevator icons with modal window with button that transforms user between levels 

 

5.2 Discussion 

Unity 3D includes the functionality for designed systems to be deployed on multiple platforms. 

However, the focus for this system was web-based and mobile deployment. Thus, the system is 

available via an HTML file that requires a live Internet connection. The same applies to a 

deployment to a mobile device.     

 

The system being web-based provides certain advantages and benefits. Firstly, the accessibility 

of the system is greatly enhanced as most people today are connected to the Internet in some form 

or the other. Secondly, there exists cross-form compatibility whereby the web-based system is 

compatible across most web-browsers. Thirdly, the costs of the implementation of a web-based 

system are greatly reduced due to lower requirements from the users end and the simplified 

architecture that exists (Jordan, 2011). 

The system has to be able to receive sensory input from the mobile device, such as GPS/Wifi 

location. This was however not integrated into the system because of time constraints. But it is an 

essential requirement of the system, particularly for live navigation.  

 

6.  Conclusion 

This work examined the development of a 3D indoor model using a gaming engine. The system 

provided a benchmark in terms of judgment regarding performance of the system as well the 

implications thereof. From first results it is clear that gaming engines are ideal for creating such 

models and provide a sufficient array of tools for modelling indoor environments. Whether they are 

able to model complex environments is yet to be determined.  

 

The gaming engine used, Unity 3D, has the advantage that it is free, comes with additional 

libraries, is supported by a large user community and allows deployment to the web or mobile 

devices. Additionally it provides tools for automatic navigation 3D environments. The grid based 

navigational model has its shortcomings. For example the shortest path often follows the edges of 
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walls. This however can be corrected by increasing the collision distance to walls. Due to time 

constraints input from mobile sensors were not integrated into the system. This will be the subject 

of future work. 

 

Other free gaming engines exist. For example, Shiva and CryEngine. These will be investigated 

and compared to Unity 3D. 

 

With regards to the quality of the models, simplicity was found to be more important than detail 

for two reasons. Firstly, the greater the detail the larger will be the size of the models in memory. 

This is not ideal for loading over an internet connection. Secondly, mobile devices offer limited 

screen real estate, and detail is not as crisp on small screens. For these reasons artificial textures and 

stock objects were used. 

 

Navigation models alone are not enough. Often the user has to be aided or guided to make 

choices. Indoor environments are complex and because of this available choices may not always be 

obvious. Hotspots are a convenient way of prompting a user to make such choices. Two types of 

hotspots were used in this study, information and teleports. Other hotspots, such as spherical 

panoramas can also be used to enhance a user‟s perception of the indoor environment. 

 

In conclusion, although commercial software exists for creating navigable indoor models, many 

of these are used to deploy models onto desktop environments, where they are used for planning 

and asset management purposes. Solutions for web-based and mobile devices need to be further 

investigated with particular emphasis on helping with day to day navigation of indoor 

environments. 
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