Human-Computer Interaction: Distant pointing
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* Created in 1990 ~ 35 members

* 11 professors and assistant professors
* 1 visiting professor (Canada)

* 1 CNRS researcher

1 CNRS research engineer part time

* 1 project engineer, 1 post-doc
* 11 PhD students
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Scientific domain: 7 Scientific domain: ¢
Human-Computer Interaction (HCI) Human-Computer Interaction (HCI)

3 interaction paradigms

* Computer-as-tool )
Interaction
Interaction — Extend human capabilities

Computer science Supported by * Computer-as-partner

contribution Social science — Task delegation

— Anthropomorphic means of communication
* Designing, developing and evaluating interaction .
ENIng, ping g * Computer-as-medium
techniques o
» Development of conceptual and technical tools — Human communication (CSCW)
based on HCI principles: Utility, Usability, Context

HCI: Context HCI: Context

* HClin the context of

. * Ubiquitous computing 1991
Digital and Human Ecosystems

M. Weiser Scientific American
e Calm technology

— a seamless environment
of computing

I Invisible technology
The Computer for the 215t Century ¥ . TeChnOIc_,gy available at anY F_Jlace
1991 - M. Weiser {f |\ B 9% I Symbiosis of the real and digital worlds
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HCI: Context HCI: Context

e Virtual
Reality

* Embodied
Virtuality
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HCI: Context HCI: Context
Three revolutions in computing Invisible technology
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HCI: Context

A seamless environment of computing
! A

The Xerox Star has

reached its limits
http://www.digibarn.com/

Computers are everywhere HCl is
« out of the box »

HCI: Context

Unprecedented challenges for HCI

— Multiple contexts of use

— Multiple small and large interaction surfaces
Multiple interaction devices

Interaction adaptation — machine learning
— Combining the real and virtual worlds

One example: Distant pointing
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EHCI group: Research themes

Multimodal Interaction

Smart envt: End-user programming,
Adaptation/Plasticity

Mixed Reality Interaction:
A d Reality / A d Virtuality

Mobile Interaction

Ilﬁﬂ

EHCI group: Research themes
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System _

User Interface

Multimodal Interaction

Widget Smart envt: End-user programming,
Adaptation

Interaction technique

Mixed Reality Interaction:

A d Reality / A
Device and sensory-motor
phenomenon

d Virtuality

Mobile Interaction

Ilﬁﬂ
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EHCI group: Research themes
* Levels of abstraction or granularity

System
User Interface

Widget

System

. . Gl
Interaction technique

Device and sensory-

motor phenomenon
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EHCI group: Research themes

System

User Interface
Widget

Interaction technique

Device and sensory-
motor phenomenon
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EHCI group: Research themes

System
User Interface
Widget

Interaction technique

Device and sensory-
motor phenomenon
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EHCI group: Research themes

System . ——
User Interface @ @ ¥
Widget

Interaction technique

Device and sensory-
motor phenomenon
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EHCI group: Research themes

System

User Interface
Widget

Interaction technique

Device and sensory-
motor phenomenon
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EHCI group: Research themes

Q =7ZR = ®
4 ,:Lﬂ :;a J {
System —d =T g

User Interface
Widget

Interaction technique

Thumb interaction

Device and sensory-

motor phenomenon m
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EHCI group: Research themes HCI: Context

e M e Unprecedented challenges for HCI

System .
— Multiple contexts of use

User Interface Multimodal Interaction — Multiple small and large interaction surfaces

Multiple interaction devices

Widget Smart envt: End-user programming,
Adaptation

Interaction adaptation — machine learning

Combining the real and virtual worlds
Interaction technique . n q
Mixed Reality Interaction:

A d Reality / A d Virtuality
Devi d -moti . . .
phenomenon One example: Distant pointing

Mobile Interaction
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Distant pointing

Distant pointing: digital targets

* Digital targets

* Physical targets

laurence.nigay@univ-grenoble-alpes.fr
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37 Scientific approach: 3
Scientific approach and induction
* lterative process of deduction and induction
Theorical Model New Revised
model model
Conceptual model \
] ]
=]
Empirical»‘ Observation ‘ Evaluation Re-
evaluation
Evaluation
© W. Mackay
Scientific approach: 3 Scientific approach: 40
and induction Distant pointing
Theorical Model New Revised Theorical Model
mofl;el model
Artifact Prototype N Syst
design
Empirical“ Observation ‘ Evaluation Re-
evaluation
© W. Mackay © W. Mackay
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Cinematic model of pointing gesture:

Pointing gestures Optimized Initial Impulse Model

o Eittc! . A
Fitts' Law: 17— ¢ + flog, (W + l) ID

Movement Time, Amplitude, Target Width, Index of
Difficulty

- W
> w |
0 DISTANCE f

A

Preliminary Ballistic ~ Corrective
—A

VELOCITY
?
3

[Meyer et al., 1988]
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Scientific approach: a3
Distant pointing

Theorical Model

AN

Prototype

s Scientific approach: 4
Distant pointing

Theorical Model

AN

Prototype

N\

i In-lab
Empirical . evaluation

© W. Mackay

In-lab evaluation: Error rate (%) 47 In-lab evaluation: Selection Time (s) 48
Dynamicity

Static

Explicit feedforward only

VTE Target Rope VTEto Bubble VTEto eVTE VTEto
Enlargement Cursor TARGET  Cursor CELL ROPE
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Scientific approach: 4 50
Distant pointing
Augmented
Theorical Model Design space Element
Expansion
\ Observability
Prototype
Dynamicity

B In-lab
Empirical ‘ evaluation
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Augmented

Augmented
Element

Element
Expansion
Observability

Dynamicity Target |
53 )
Augmented Augmented
Element Element
Cursor
Space ¢ Space
Target Target
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Augmented
Element
Expansion
Cursor Observability
Space
Target

Dynamicity
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Expansion
Observability

Explicit ¢
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Augmented
Element

Expansion
Cursor Observability

Space Explicit

Implicit
Target
Dynamicity

Expansion
Observability
Explicit
Implicit
59
Augmented
Element
Expansion
Cursor Observability
Space Explicit
Implicit

Target

Dynamicity
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Dynamicity

Static ¢
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61
Dynamicity
Discrete
Static
63
Augmented
Element
Expansion
Cursor Observability
Space Explicit
Implicit
Target
TS . ° Dynamicity

Static Discrete Continuous

Dynamicity
Continuous
Discrete
Static
64
Cursor
Space Explicit
Implicit
Target

Static Discrete  Continuous

Augmented Expansion
Element Observability

Cursor Static
Explicit )
Space Discrete .
Implicit | _
Continuous .

Dynamicity

Target
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/\&A
- -~
.

Preliminary  Ballistic Corrective

Explicit X

Implicit |

Cursor

Space

Static

Target
Discrete .
Continuous .
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Augmented
Element
Expansion
Cursor Observability
Space Explicit
Implicit
Target
. Dyr icity

Static Discrete Continuous

A design space
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X R
Eﬁmm < Target Enlargement

Scientific approach: 6
Distant pointing
NEW technique: Expansion Lens
Theorical Model Design space Revised
\ design space
Prototype [ Prototype
- In-lab In-lab
Empmcal‘ evaluation evaluation
w
Scientific approach: m

Distant pointing

Theorical Model Design space

N

B In-lab
Empirical ‘ evaluation
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Pointing technologies
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Scientific approach: 75
Distant pointing
Theorical Model Design space Revised
design space
Prototype N Syst
- In-lab In-field
Empirical » evaluation evaluation
© W. Mackay
Scientific approach: 77
Distant pointing
Theorical Model Design space Revised
design space
Prototypes N Syst
- In-lab In-field
Empirical » evaluation evaluation
© W. Mackay
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AR: Pointing at physical targets

* Specific to AR: &
— ‘Real’ AND “Virtual’ '
— Spatiotemporal relationship between the physical
world and digital content

* How to relax the spatial constraint while
keeping physical/digital colocation?

Framework
Touch Visual Representagon Physical
. of the physical
surface augmentation world
world
Control space Display space
Handheld device
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Framework

4 entities linked by spatial relationships

N /B
epresentation
of the physical
world

Physical
world

Touch Visual
surface augmentatijon

Handheld device

Registration jitter
Hand tremor

Motion induced by touches
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Frame of reference of the screen

Instrument
: QT
Cursor — 4‘};
Unstabl
pointer
Crosshair
N
i ‘
No | »2 l
instrument e 1. Direct Touch: fast but not precise
Unatatia Video Ouand tremor & Iuch, Ambugunue selectan poi (o cchason
Direct Touch Frames of
f reference
Screen
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Frame of reference of the screen
Instrument
" N
Cursor — ¥
Unstable
pointer
Crosshair
)
iy
No | ”)
instrument Unstable
finger
Direct‘ Touch erames of
‘ reference
Screen
84

Frame of reference of the screen

Instrument
N 0
Cursor — o
( |
) | Unstable
! pointer
Crosshair
- 5
i
No | 2 |
instrument ::;:bwe
Direct Touch
f Frames of
‘ reference

Screen
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Frame of reference of Frame of reference of
the physical object the physical object
Instrument "t " .
. pro
Cursor — & &
Relative Pqinting Rglative P(?inting
N S &
No | 123 ‘}34
instrument N stabe
On the iject Frames of M'M Frames of
f f
Screen Physical object reference Screen Physical object reference
87
Frame of reference of .
. : Relative cursor: system
the physical object
Instrument [ A ‘
On the iject Frames of
f f reference
Screen Physical object
Di _ # Conclusion %
Istant pointing Scientific approach: and induction
Theorical Model New Revised
.. model model
* Digital targets \ T4 3
Artifact Prototyp N Syst
design
* Physical targets \ \
Empirical»‘ Observation ‘ Evaluation Re-
evaluation
© W. Mackay
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Conclusion: Context Conclusion: Research challenge

A seamless environment of computing
o

Power

Move the curve!

2T

Simplicity

Computers are everywhere HCl is « out of the box »

© W. Mackay

Thank you for your attention

http://fiihm.imag.fr/en/
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