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Abstract. Mixed reality (MR) or augmented reality (AR) is a very popular dis-
playing technology in various applications. It allows the user to see the  
real world and virtual image simultaneously, with displaying virtual objects 
composited with or superimposed upon the real world. Since the usability of in-
teractive user interface based on MR or AR relies heavily on visibility of dis-
playing content, for virtual image display particularly. In this paper, we explore 
several psychophysical factors that can influence visibility on our virtual image 
display prototype. Factors include contrast sensitivity, transparency, color, 
brightness, texture gradient and ambient light. The experiment results reveal 
many interesting and fascinating features. The features can be the user interface 
design guidelines for every similar see-through near-eye display system. 
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1 Introduction 

Augmented Reality (AR) is one part of the general area of mixed reality (MR) accord-
ing to the reality-virtuality continuum, as show in Fig. 1, and it provides local virtuali-
ty [5]. Not like virtual environment (VE) or virtual reality (VR) technologies that 
completely immerse a user inside a synthetic environment and the user cannot see the 
real world around him. In contrast, AR allows the user to see the real world directly, 
with virtual objects composited with or superimposed upon the real world [7].  
As a result, the AR technology functions by enhancing and enriching one’s current 
perception of reality [3]. The natural and intuitional characteristics of AR increase its 
popularity in various applications, such as entertainment, education, industry design, 
personal assistance, medication, and navigation [1]. 

AR is also the technology to create a “next generation, reality-based interface” [8] 
and is moving from laboratories around the world into consumer markets. Current 
dominance head-worn AR technologies can be divided into three main types, projec-
tive AR, video AR and optical head-worn AR [1]. The optical head-worn AR (also 
known for see-through near-eye display) is the best choice of head-worn personal 
assistance for the advantages of realtime (user can see the world around him without 
any transmission delay) and not required for special equipment for content projection. 
However, see-through near-eye display has many issues: low contrast, low brightness 
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Those suggestions can not only be the user interface design guidelines for our proto-
type but also for every similar see-through near-eye display system. There still remain 
various factors: depth perception, resolution, object motion, response time of interact-
ing, eye strain caused by dynamic refocus, eye fatigue caused by accommodation-
convergence conflict, that all might affect the usability of UI and all should be  
confirmed through lot of works. 

References 

1. van Krevelen, D.W.F., Poelman, R.: A Survey of Augmented Reality Technologies, Appli-
cations and Limitations. The International Journal of Virtual Reality 9(2), 1–20 (2010) 

2. Ehrenstein, W.H., Arnold-Schulz-Gahmen, B.E., Jaschinski, W.: Eye preference within the 
context of binocular functions. Graefes Arch. Clin. Exp. Ophthalmol. 243(9), 926–932 
(2005) 

3. Graham, M., Zook, M., Boulton, A.: Augmented reality in urban places: contested content 
and the duplicity of code. Transactions of the Institute of British Geographers (2012), 
doi:10.1111/j.1475-5661.2012.00539.x 

4. Nielsen, J.: Usability Engineering. Morgan Kaufmann (1993) 
5. Milgram, P., Kishino, F.: A taxonomy of mixed reality visual displays. IEICE Trans. Infor-

mation and Systems E77-D(12), 1321–1329 (1994) 
6. Post, D.L., Greene, F.A.: Color name boundaries for equally bright stimuli on a CRT: Phase 

I. Society for Information Display, Digest of Technical Papers 86, 70–73 (1986) 
7. Azuma, R.T.: A Survey of Augmented Reality. Presence: Teleoperators and Virtual Envi-

ronments, 355–385 (1997) 
8. Jebara, T., Eyster, C., Weaver, J., Starner, T., Pentland, A.: Stochasticks: Augmenting the 

billiards experience with probabilistic vision and wearable computers. In: First International 
Symposium on Wearable Computers (1997) 

9. IEEE, IEEE Guide–Adoption of the Project Management Institute (PMI(R)) Standard A 
Guide to the Project Management Body of Knowledge (PMBOK(R) Guide), 4th edn., 
Project Management Institute (2011) 
 
 


	Exploring Psychophysical Factors Influencing Visibility of Virtual Image Display
	1 Introduction
	1.1 See-Through Head Mounted Display Prototype
	1.2 Evaluators

	2 Visibility Evalua ations
	2.1 Test Environment S Set Up
	2.2 Evaluations

	3 Experiment Res sults
	4 Conclusions and d Future Works
	References




