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Motivation

Immersion / Presence

o One aspect of UX Small FOV

Limited device support
Usability/Wearability
(vs. Immersion)
Mpbilityl

o Physical immersion

Feeling | i ke oObeing t hereodor(s9p

Big VR: Enclosure, Wide FOV, Surround sound, Haptbs

o (Psychological immersmBoo ks, Story, |\l nt e

QuestionSpatial immersion (presence) possdaeichablevithsmall VR

Possible answeMultimodal interaction

Cross modal integration / Substitution and lllusion



Multimodal Systems

o Systemshat processwo or morecombineduserinput/outputmodessuchas speechpen,

touchgestureppody movementgtc ina coordinatednanner
o Five senses: VisuAlral, Haptic, Tactile, Olfactos,

o Justifferentmodes: Mouse Touc h, Voi ce, Gaze, Ge s
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JOMPANIES FACING FOUR] S
IVE DEGRERS C

Speech & Pointing Speech & Rich Pen Input Speech & Manual Gestures
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Why Multimodality?

o Usuakeasons
o Usabilityd Natural / Easy to Learn Preference
o Flexibled Broader Target UsersComplementary
o Efficientd Fast / Lower error / Robust and Disambiguating / Modatitsttch

o Experientiald Realistic /Affective

o Get something with somethaige (andnaybeless)

o Crosgnodalintegration Modality Substitutiori|/lusion
o Forcefeedbackwithvibro-tactile

o McGurkeffect

o]

Ventriloquiseffect

Phantoniimb

o]

o]

Synesthesia
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IEEE VR 2004

Increasing the effective FOV

with proprioceptive and tactile feedback
(with Ungyeoryang)



Head Mounted Display

Generalegocentriczisual interface TN
o Immersive and high presence J

Narrowphysicafield of view (FOV). )
o Popular edition: 2&30Adiagonal)
Occulus Rift: Inexpensive and wide FOV (2013)
o Negative Effects

—-LJ0
4
“n

E \ \\i

Unnatural Virtual Research,
Task performance in virtual environment. V8 Diagonal 60A
Decrease’resence '

GeometridcFOV

o S/W controllable parameter




GFOV (Software FOV)

GFOV = PFOV

avatar

user

@)

Enlarged GFOV

Scaled down
scene

avatar \

user =

But possibly with distorted
distance perception

(b)



FOV and Distance Perception

Egocentridistance perception
o Underestimationn realenvironment
o Significanunderestimation iIVE

o Importanto sensory feedback match between visual and propriocepise

visual

Conventional Calibration with HMD

o 100% mapping to physic&OVv

o Underestimatiorcondition

-----------------

s

How aboutncreasingsFOV to MAX?

o To see more (wider effective FOV)

o Constraint: Witholbssof distanceperception



Suggested Solution: Multimodal Feedbac

Increase GFOV for HMD and
Compensate degraded depth perception with multimodal interactic

(Proprioceptivéd Re a ¢ h

Depth perception 4

a Overestimated

out to the objec:

Hypothesis !

| o0

a Matched

a Underestimated

A

vo il

A

A4

\ 4

C (only visual) feedback
C (visual + proprioceptive) feedback
C (visual + proprioceptive + tactile) feedback

1:1

»
»

optimal Mapping ratio of

maximum Geometric FOV
GFOV ?



Experiment

Compare distance perception (Matching
task)

o Real vs. virtual under different
conditions P . Top view

Test condition /
a GFOV: 11 levels |

100% ~ 200% i D
o Matching feedback types- oL

Visual only 1

Tactile only o

Real
Environment

Virtual
Environment

Visual and tactile (multimodal)



Results

Maximum ovemapping GFOV td. 70%
o diagonal FOV31.2AA diagonal GFOV53.04 A
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ACM VRST 2006

Hand-held virtual reality:
A feasiblility study

(with Jane Hwang)



Objective

a Q: |l s omini mumoé | evel o f

with handheld devices? (is haimld VR a possibility?)

cCan we overcome the small

multimodality and interaction design?

o Plus: what about usability and task performance?

(



What we did

Vary Interaction style
o Button based
o Motion based multimodal interfacedyrioceptive / body based)

Against different displays by size of FOV
o Mobile
o Monitor

o Large monitor

Measure

o Presence/immersion and Perceived FOV
o Usability

o Performance



Motion based interface: (optical flov

L L o




5 Treatments

S %

Motion-based hand-held VR Button-based hand-held VR

Mouse/Keyboard interaction in small screen/desktop/large screen



IEIavigating In virtual environment Locating and selecting objects
C Usabillity, presence/immersion, C Task performance
enjoyment, and perceived FOV



Immersior
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Perceived FOV
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Measuring perceived FOV




Task Performance

Task completion time (se
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Usability

Easy to us
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Summary

Assessed the feasibility of VR on haettl devices
o High presence/lmmersion possible

o Widened perceivedFOV

o Usability, enjoyment and task performance

o Interaction style Is important
Involve the body
Multimodal synergy



CHI 2012

Funneling and saltation effects for tactile

Interaction with virtual objects

(with Jaedond.ee andr¥oungsuKim)



Motivation

Vibro-tactile feedback

Inexpensive and effective way to enhance interaction exm&ien

Limitations of tactile interaction

High mechanical complexity [ndirect stimulation / Single vibratol

Costly hardware Difficult to associate detailed
Unnatural interaction content



Use o0O0Out of t he

Minimize the number of vibrators
Provide indirect but richer tactile feedback

) 3k



Applications

Stereoscopicall!
rendered object



Funneling and Saltation

Time
€ L B
S1(Left) S2(Left) S3(Right)

Real Real
stimulation stimulation % :
Perceived Perceived v P v
stimulation stimmltion ixk i;:k
Funneling Saltation
(stmultaneously) (Time 1ntervals)
Information Transmission by Phantom Sensations. The Cutaneous Rabbit: A Perceptual lllusion.
IEEE Transactions on MaMachine Systems Science(Geldard, 1972)

(Alles, 1970)



Out of the Body lllusion




