* Definitions

* Handheld AR/AV
* Pointing at physical targets
* Pointing at virtual targets

* HMD-based AR/AV
* 3D pointing

Augmented Reality/Virtuality (AR/AV)
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Pointing in handheld AR
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Limited intrusion on screen Digital - physical link Access AR information
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Types of pointing

Direct pointing Indirect pointing

Problems with direct pointing

Target occultation
Ambiguous selection area
Unreachable screen areas

Instability
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Solution

Indirect pointing

Solution
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/" Noambiguous selection area

Indirect pointing
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Cursor-targets distance

* Strategies

- o, Move targets towards cursor

-, 4 Increase number of cursors

- o, Make cursor jump on targets
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* Strategies

—> =e, Move targets towards cursor
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- ., Make cursor jump ontargets
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Cursor-targets distance Cursor-targets distance

* Increase number of cursors

* Move targets towards cursor

RAKE
CURSOR

s

DRAG AND
POP _
O nNot compatible with small screens

‘,.k

© Visual link with new position of targets
C" @ Targets anchored on the real world

Necpete On
.,%.1.;; é 0 Targets not anchored on the real world
Ot ERDE o S X n )
] !;5 v & AR information not considered @ ARinformation not considered
st Pourt 3
Summary Solution
Indirect pointing Indirect pointing
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Increasing the size of targets

Target expansion

* Example
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Target expansion Target expansion

* Example * Example
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TARGET CELL PAINTING
Target expansion Target expansion
* Example * Handheld AR adaptation
: , POI 3D

TARGET
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Target expansion

* Handheld AR adaptation

/ 3D POI 2D PROJECTION

Target expansion

* Handheld AR adaptation

VORONOI

Target expansion

* Handheld AR adaptation

VORONOI
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Digital information access

Digital information access

Digital information access

* Different strategies
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Digital information access

* Different strategies

Jumping menu
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* Different strategies

Digital information access

* Different strategies

Multiple cursors
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Digital information access

* Different strategies

Digital information access

* Different strategies

Force field
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Digital information access

* Different strategies

: How to manipulate )
the cursor?

o How to make ‘ '
the cursor jump ? —Oﬁ N

Digital information access

* Jumping cursor

Digital information access

* Jumping cursor
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Digital information access
* Jumping cursor

Digital information access

* Cursor manipulation

JUMPING

PHYSICAL

Digital information access

* Cursor manipulation

JUMPING
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User study

* Access to information contained inside digital
targets
4 Techniques

JUMPING JUMPING BASELINE (8)
PHYSICAL (JP) RELATIVE (JR)
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User study

* Access to information contained inside digital
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User study

* Access to information contained inside digital targets

User study

* Experimental task
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User study

* Procedure
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* Procedure

15 tasks 30 tasks
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Training Pointing task
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User study
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* Results
Q POls selection
B e
v N fios]
» g fuse]
® /9\

POls selection time (s)

laurence.nigay@univ-grenoble-alpes.fr




User study

* Results
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* Results

@ POls selection

Target expansion techniques :

Make pointing tasks easier

O Are suitable for handheld AR

2
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* Results

) Menu item selection
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* Results

Menu item selection
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Menu item selection
(2)

@ Switch to a bimanual interaction
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User study

* Results

Menu item selection
(2)

@ Switch to a bimanual interaction

o Spot the cursor's new position




User study

* Results

0) Preferences

User study
* Results
e) Menu item selection
@) Switch to a bimanual interaction
0 Spot the cursor's new position
@@ Understand the new visual context
User study
* Results
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* Results

o Preferences
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* Results

o Preferences

,\ / (1 Limits physical fatigue
\ (2 ) Fullinteraction with the left thumb

Techniques and experimental results
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Techniques and experimental results
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Extension Augmented Reality/Virtuality (A/AV)

JUMPING

RELAQVE | * Challenges
1.Test in a professional industrial context : - ' * Tracking
) o ) * Rendering
2. Direct pointing and target expansion
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