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Summary: Spatial ability is one of the main components of human intelligence and is especially important for orientation and wayfinding. In this paper, studies using Virtual Reality to investigate aspects of spatial ability will be discussed. For this purpose Virtual Reality tour of Faculty of Mechanical Engineering – University of Nis was created. The main goal of this research is investigating the possibility of enriching traditional way of indoor orientation by creating an interactive Virtual Reality presentation. Possibility of web based and Head Mounted Display use for presentation is investigated and compared.
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1. INTRODUCTION 

Few things are as fundamental to the human experience as the interaction between humans and their environment be it physical or virtual. A critical element of this interaction involves movement through space. We know that what we often refer to as navigation is not merely physical translation through a space, but that there is also a cognitive element, often referred to as wayfinding, that involves issues such as mental representations, route planning, and distance estimation [1].

Spatial ability is one of the main components of human intelligence and is especially important for orientation and wayfinding. Some authors argue that spatial ability is pervasive, which means that we need it for almost each activity in everyday life [2]. Spatial ability refers to being able to mentally represent and manipulate visual-spatial information. This ability can be subdivided into several sub domains [3]. “Visualization” includes most complex, multi-step tasks, “Spatial Relations” includes more simple tasks such as speeded mental rotation of rather simple stimuli, and “Orientation” includes tasks where one has to imagine change of perspective. This means that skills in orientation (large-scale aspects) and skills in mentally manipulating visual stimuli (small-scale aspects) are grouped under the same skill.
As pedestrian outdoor orientation and wayfinding has become ubiquitous through GPS-enabled smartphones. The demand for reliable localization indoors as well is significantly increasing. Indoor localization and navigation is considered an enabler for a variety of applications, such as guidance of passengers on airports, conference attendees, university buildings, visitors in shopping malls, hospitals or ofice buildings, and for many novel context-aware services. The traditionally used outdoor localization method GPS is not available in indoor environments. A catalog of alternative localization techniques has been investigated, such as Infrared, sensor and radio-based technologies or visual markers. All those technologies, however, need a particular environmental infrastructure and augmentation [4].

In this paper, studies using Virtual Reality to investigate aspects of spatial ability will be discussed. Virtual Reality has been defined as an “interactive immersive experience generated by a computer” [5] and provides and natural, intuitive way of human-computer interaction. For this purpose Virtual Reality tour of Faculty of Mechanical Engineering – University of Nis was created. The main goal of this research is investigating the possibility of enriching traditional way of indoor orientation by creating an interactive Virtual Reality presentation. Possibility of web based and Head Mounted Display use for presentation is investigated and compared.
2.  MATERIALS AND METHODS
Case study is conducted for Faculty of Mechanical Engineering – University of Niš, building (Figure 1) which is located at Aleksandra Medvedeva 14 in Nis, Serbia. 
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Fig. 1: Faculty of Mechanical Engineering
The main idea is to create additional Virtual Reality tour which will provide a better understanding and orientation of students and visitors. Recording of 28 most interesting and important points inside of the building was done. Camera with ability of recording 360 degree images was used in order to generate Virtual Reality environment. Final output is equirectangular images (Figure 2 - a) used in further work.
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Fig. 2: LIPS laboratory classroom: a) Equirectangular image, b) floor plan
Therefore, web based Virtual Reality tour through Faculty of Mechanical Engineering in Niš is created. Each 360 images were connected with a proper building floor plan by marking the position (Figure 2 – b).
All image data is stored on Google Picasa web image database and connected with the geographic coordinates of Faculty of Mechanical Engineering in Nis. This makes 360 degree images globally available on Google Maps and Google Earth service, creating bigger visibility and impact. The Final Virtual Reality tour is available on website of Faculty of Mechanical Engineering in Nis.
3. VIRTUAL TOUR

The Created Virtual Reality tour is tested using “Google Chrome” web browser on a personal computer (Figure 3) and HMD in combination with mobile phone (Figure 6 - a).
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Fig. 3: Testing Virtual Tour on PC
3.1 WEB BASED PRESENTATION

Navigation through Virtual Reality tour of the Faculty of Mechanical engineering in Nis is possible in several ways. Top left corner of the display contains drop down menu with names of recorded classrooms, laboratories, corridors, etc (Figure 4). Presented places of interests are classified according to floor level. By choosing one of place names, user is transferred to the Virtual Reality presentation of that space. Small scale floor plan with marked current position in Virtual Reality is present on bottom right corner of presentation windows (Figure 4). Changing of current position, using a floor plan is possible by pressing any of blue dots.
[image: image5.png]



Fig. 4: Virtual Reality presentation of Amphitheatre “B”
Changing orientation of user view in Virtual Reality is done by clicking and pulling on any place on display. This way provide user full 360 x 180 degree preview of space where he is virtually present. Inside virtual space user is able to jump from one position to another, pressing one of location markers (Figure 5 - a). Inside Virtual Reality presentation, beside location marker user can find i-marker which provide additional information (Figure 5 – a). This marker redirects user to pages with more information about certain topics, services (Figure 5 - a), transfer user to Faculty of Mechanical Engineering website with additional information (Figure 5 -b).
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Fig. 5: Additional informations: a) Virtual Reality access) website
3.2 HMD PRESENTATION

For purposes of this paper, we conduct testing of the Virtual Reality presentation of Faculty of Mechanical Engineering in Nis using mobile phone and VR headset (Figure 6 -a). By accessing Virtual Reality web presentation using mobile device, a user is able to switch from mono to stereo projection. In this mode using headset user have full visual experience of presence inside Faculty of Mechanical Engineering building (Figure 6 – b).
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Fig. 6: Testing Virtual Tour on HMD: a) user, b) device display

4. RESULTS AND DISCUSSION

Virtual Reality presentation of Faculty of Mechanical Engineering – University of Nis is created in this paper. Created system for presentation of interior space does not aim to substitute traditional methods and systems of presentations, it upgrades presentation using contemporary technology. Using a web platform based on Virtual Reality methods presentation provides additional information about the faculty.

The assumption in this study is that the user, the observer of the presentation, has basic computer literacy, as well as that his only task is to review the previously prepared presentations of Faculty of Mechanical Engineering in Nis. Based on these assumptions, the analysis of the positive (+) and negative (-) factors of the presentation was conducted (Table 1).

Table 1 The positive and negative factors of presentations
	
	Presentation type

	
	Traditional
	Web VR
	HMD VR

	Necessary hardware
	+
	+
	-

	Complexity of use
	+
	+/-
	+

	Presentation quality
	+
	+
	+

	Presentation details
	-
	+
	+

	Informations provided
	-
	+
	+


Traditional presentation using pictures, is not so demanding in the meaning of necessary hardware. This type of presentation is common and all users with basic computer knowledge can preview it. Photo presentation, presents only one part of space, predefined by photographer. A similar situation is with video footage of space, user is not able to choose what he wants to see. This type of traditional visual presentations of existing interior space provides limited informations [6].
Contemporary web based Virtual Reality approach do not require any special equipment expect any type of personal computer. While in the case of HMD Virtual Reality presentation additional headset is necessary. Use of Virtual Reality tour using HMD is completely intuitive, while previewing using web based solution require basic knowledge of virtual 3D space rotation. In both cases of Virtual Reality presentations realism of presentations is maximal because of the use of real space 360 photos. Freedom of previewing all 360 degree space allows users to see and spend as much time as they need on details of interest inside both types of Virtual Reality presentations. Additional benefits for users presents I-markers which provide additional information connected with visual representations inside of the space.
5. CONCLUSION
The traditional methods of presentation, photos and videos, are characterized by stable performance and simple use. However, they are limited in terms of freedom of viewing content. The user often sees only parts of the interior which is presented. With this method of presentation, it is not possible to show all the facility details interesting to the user. Which makes harder for them to orient and find places of interest in real world interior space. The contemporary methods of Virtual Reality tour presentation provide much better visual explanation of space thanks to full 360 degree freedom of space exploration. The biggest drawback of HMD Virtual Reality presentation represent the need for a headset, which still is not so common for users to have. With further hardware development this disadvantage will be eliminated.
Presented Virtual Reality tour of Faculty of Mechanical Engineering in Nis has great potential in spatial orientation and wayfinding. The principles of its functioning and application in the domain of interior space presentation are at a higher level than traditional. The further author work will be oriented towards the development of a mobile indoor guiding system based on methods of Augmented Reality.
REFERENCES 

[1] Darken, R., Allard, T., Achille, L. (1999). Spatial Orientation and Wayfinding in Large-Scale Virtual Spaces. Presence, vol. 8, no. 6, p. 3-6. 

[2] Eliot, J. (2002). About spatial intelligence: I. Perceptual and Motor Skills, vol. 94, no. 2, p. 479-486.
[3] Lohman, F., Kyllonen, C. (1983). Individual differences in solution strategy on spatial tasks. Dillon, D., Schmeck, R., (Editors), Individual differences in cognition. Academic Press: New York, p. 105-135.

[4] Mulloni, A., Seichter, H., Schmalstieg, D. (2012). Indoor Navigation with Mixed Reality World-in-Miniature Views and Sparse Localization on Mobile Devices. AVI ’12 Conference Proceedings, May 21-25, 2012, Capri Island, Italy, p. 212-215.

[5] Pimentel, K., Teixeira, K. (1993), Virtual Reality through the New Looking Glass, Windcrest, NY.

[6] Pejic, P., Krasic, S., Andelkovic, B. (2014). Application of augmented reality in interior design, MoNGeometrija, Vlasina, Serbia, Proceedings  Volume 1, p. 82-89.
LOGO WILL BE HERE








� PhD student, Petar Pejic, Vlasina Okruglica, Faculty of Technical Sciences - University of Novi Sad, Serbia (petarpejic@i.ua)


� PhD, Associate Professor, Dejan Mitrovic, Nis, Faculty of Mechanical Engineering - University of Niš, (dejan.mitrovic@masfak.ni.ac.rs)


� PhD, Associate Professor, Sonja Krasic, Faculty of Civil Engineering and Architecture - University of Niš, (krasic.sonja@gmail.com)





2
3

