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Three-dimensional depth perception in augmented reality”
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Augmented reality (AR) is one of the essential technologies for the fourth industrial revolution. In AR, virtual objects are

embedded in the physical reality and observers can freely interact with virtual objects as well as physical objects. In order to

create a realistic and immersive AR environment, three-dimensional (3D) depth perception of virtual objects must be errorless or

at least with very little error. However, unlike virtual reality, 3D depth perception of virtual objects in AR has been less studied

and the literature shows mixed results as to whether 3D depth perception of virtual objects is overestimated or underestimated.

We reviewed 3D depth perception of virtual objects in AR. We discuss in depth how the 3D cues that the visual system uses to

calculate or extract 3D egocentric distance (the distance between an observer and an object) may differ in AR. Specifically,

binocular disparity and vergence might be the most important cues that cause 3D depth perception errors in AR. We introduce a

new display technology, which might provide more

vergence-accommodation mismatch.

immersive AR by resolving

some problems in AR such as
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Figure 1. The continuum between reality and virtual reality. The continuum ranges from reality to virtual reality

depending on whether the environment and objects are virtual or real. Mixed reality is the condition where reality

and virtuality is mixed between the environment and objects. This figure is modified from Drascic & Milgram (1996).
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T AL, AR RS 2gSHA] ghote ol thro AL
|27F SAOl AR 4 Slvke AARe]l dtk(Bimber &
Raskar, 2005). SHAIFE Zhu|et-22Ae] AJAgo] AX|wof
Ae BaolAe 7] omAE & 4 Q1AL Jfdlel 7MY

of BAG 452G T 4 Gk BHol ek

A

339 70| A2t &% 4 Tl
7V - SARE S0 wEARRE MY EA7A 3
AHY Zol(egocentric distance) & Sote WHOZ ThFSH
TA7F AE K Table 1). ZF ZpAell sl 7HekstA] Ao
HH, G5 Hil(verbal report) THA|oA = W& 224
AE Higth w3l &gt A del=

Table 1. The protocol to measure 3D depth perception of virtual objects

Depth estimation protocol Task

References

Verbally report the 3D depth estimation

Verbal report

of virtual objects.

Swan et al. (2007)
Palmisano et al. (2010)
Philbeck & Loomis (1997)

After perceiving a vistual object,

Blind walking

virtucal object while covering the eyes.

walk toward the position of the

Swan & Livingstone (2007)
Jones et al. (2008)
Rosales et al. (2019)

Creem—Regehr et al. (2005)
Jones et al. (2009)

Philbeck & Loomis (1997)

Perceptual matching:

method of adjustment

Match the 3D depth between a virtual
and a physical object.

Swan et al. (2007)
Diaz et al. (2017)
Gao et al. (2019)
Durgin et al. (1995)
Kyto et al. (2013)
Tittle et al. (1995)
Norman et al. (2000)
Tittle et al. (1998)
Mclntire et al. (2014)
Wanger et al. (1992)

Make a decision whether a virtual object or

Perceptual judgment:
forced choice

or at the same or different depth.

a physical object is closer(or farther);

Kyto et al. (2013)
Livingston et al. (2003)
Rolland et al. (1995)
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33 Zol AZta flsi 917ke] Al AjAHlo] AMgShE
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thol(monocular) ©HA7F Qlth oFoF thajel & o] miulo]
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< 32 Tl SAA (fixation point) S 2 FE A7}

Table 2. 3D depth perception errors of virtual objects in augmented reality

Underestimation

Overestimation

Mixed results

Diaz et al. 2017)

Wu et al. (2015)

Rolland et al. (1995)

Jones et al. (2009)
Gao et al. (2019)

Jones et al. (2008)
Swan et al. (2007)

Rosales et al. (2019)
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Aok} WolA QA AN 4 = DAHoIHCumming
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