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Introduction

Augmented Reality
Enabling users to see what they normally cannot 
Mixing real and virtual scenes to provide insight
Augmenting a user’s perception of the environment
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Augmented Reality

Milgram et al.’s Reality-Virtuality Continuum 
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Augmented Reality

Milgram et al.’s Reality-Virtuality Continuum 

Optical
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See-Through



Thesis Proposal 5

Video See-Through AR
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Optical See-Through AR
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Optical See-Through AR



Thesis Proposal 8

Depth Perception

Depth Perception is our ability to 
understand the spatial relationships 
in the world around us.
Two Classes:

Egocentric
Exocentric
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Egocentric Depth Perception

Our ability to understand the spatial 
relationships between ourselves and 
references in the world.
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Exocentric Depth Perception

Our ability to understand the spatial 
relationships between other references in 
the world.
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Cue Theory

How do we know where objects are 
located?
Cue Theory states that we use hints 
in our view of the world to develop an 
understanding of spatial relationships.
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Depth Cues

Depth Cues fall into several 
categories…

Monocular or Binocular
Ordinal, Quantitative, or Metrical
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Depth Cues

Humanity – we’ve always been 
augmented reality in some way or 
another…
Cutting uses this observation to 
catalogue the development of our 
understanding of depth cues, as they 
evolved in art.
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Depth Cues
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Depth Cues
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Depth Cues
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Depth Cues
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Depth Perception & AR

Cuttings discussion of depth 
perception is very relevant to 
augmented reality research

AR can be viewed as the next evolution 
in pictorial representation
Implies that the cue combinations 
needed in AR will be some of the most 
complex and sophisticated yet



Thesis Proposal 19

Previous Work
Loomis, Knapp

Studied depth perception in VR
Open Loop, Motoric Tasks

Hu, Gooch, et al.
Studied effect of cue combinations in VR
Used an object placement task

Swan, Livingston, et al.
Studied perceptual matching in OST AR

Wu, Ooi, He
Studied the effect of FOV restrictions on depth 
perception
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Proposed Work

Hypothesis: The combination of 
additional and more realistic cues to 
AR may result in more accurate 
interpretation of depth relations
I propose that the hypothesis be 
tested using a two user studies that 
gauge perceived depth of real, 
virtual, and combined objects
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Equipment
NVIS nVisor

Sony Glasstron

InterSense IS-1200

Graphics Workstations
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Blind Walking
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Imagined Walking

Starts Timer

Stop Timer
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Verbal Report

5 meters
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Experiment I

Completed Summer 2006
Measured egocentric depth judgments

Blind Walking
Verbal Report

Four stimulus types
Real
Real view through the HMD
Combined Real and Virtual
Purely Virtual
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Experiment I
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Experiment II

To be completed Spring 2007
Follow up to the Summer 2006 study
Test the addition of motion parallax
Same stimulus types

Real
Real view through the HMD
Combined Real and Virtual
Purely Virtual
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Questions


