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Virtual Reality

represents a paradigm shift from
the traditional PC- or tablet-based
interaction by allowing users to “step
into” the virtual content.

Challenge: how can we select and
manipulate virtual objects in VR.

Credit: Oculus VR



Mid-Air Selection and Manipulation

Virtual Hand

Credit; Nat and Friends

Raycasting
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Credit: Virtual virtual reality



A Few Limitations

Efficiency

Slow and imprecise
Heisenberg effect
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Ergonomics

Fatiguing and cumbersome
Gorilla arm effect

Expressivity
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Credt: S-kechbox
Limited functionalities
Simply replicating physical reality




Complex VR
Interaction

Credit;: Min Guen

Task

Precise,
versatile,
prolonged
operations



How to improve efficiency, ergonomics, and
expressivity of mid-air selection and manipulation
technigues in complex VR scenarios?

— Overall Research Question



Human-Computer Interaction Loop

Virtual Hand and Raycasting
O Input ﬁ
Intelligent Suggestion @
Output
3D Digital Contents

User VR System



Selection Distribution Prediction

« Models for “where” users typically perform the selection
Nominal Target
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« Study 1. how target distance and influence user selection distribution

« Study 2: extend larger parameter ranges and incorporate object depth

D. Yu, H. N. Liang, X. Lu, K. Fan, B. Ens. Modeling Endpoint Distribution of Pointing
Selection Tasks in Virtual Reality Environments. SIGGRAPH Asia '19.



Model Applications
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Time Prediction Estimating Accuracy Selection Facilitation
To enable more accurate Calculating the selection Facilitate selection by
selection time prediction with accuracy based on the visual highlighting the most probable

real selection distributions features of the target target in the scene.



Without intelligent suggestion With intelligent suggestion




Target Prediction Models

To enable intelligent suggestion, we use target prediction models to predict users’ intended

target of interests
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Challenge: "When” to Suggest?

An earlier suggestion

Time v
5% 36% .. 46% 80% 100%
6% 32% .. 4% 4% 0%
10% 0% 1% 6% 0%
15% 0% 0% 10% 0%
20% .. 0% 0% 0% 0%

An optimization strategy is needed to deal with this trade-off.



COBO Framework

To determine the optimal suggestion timing, we propose the COBO (cost-benefit optimization)
framework
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D. Yu, R. Desai, T. Zhang, H. Benko, T. R. Jonker, A. Gupta. Optimizing
the Timing of Intelligent Suggestion in Virtual Reality. UIST '22.



COBO Framework

Study 1: Data Collection

User behavior
Two task scenarios

Two suggestion types

Study 2: Simulation

Mock-up target prediction model

Two optimization strategies

Study 3: Validation

COBO vs. literature vs. no suggestion
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The optimized conditions led to
shorter task completion times
and higher suggestion usage.

Results

COBO optimization



Research Outcomes
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Intelligent Suggestion ? ?

Efficiency

Ergonomics
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Fully-Occluded Target Selection

The challenge of interacting with fully-occluded targets is prevalent within virtual environments.

Structural elements High-dimensional visualizations

However, previous methods based on mid-air interaction offer limited support for selecting fully-
occluded targets in VR.

D. Yu, Q. Zhou, J. Newn, T. Dingler, E. Velloso, J. Goncalves. Fully-Occluded Target Selection
in Virtual Reality. IEEE Transactions on Visualization and Computer Graphics. 2020.



Sample
Applications

3D modeling




Sample
Applications

3D modeling & sea exploration




Human-Computer Interaction Loop

Gaze Support
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Gaze-Supported Manipulation

A design space on how gaze should be combined with hand input for VR object manipulation.

D. Yu, X. Lu, R. Shi, H. N. Liang, T. Dingler, E. Velloso, J. Goncalves. Gaze-
Supported 3D Object Manipulation in Virtual Reality. CHI '21.



Gaze-Supported Manipulation

A design space on how gaze should be combined with hand input for VR object manipulation.

* Integration: hand only vs. hand + gaze
« Coordination: remote vs. direct mapping

* Transition: explicit vs. implicit

D. Yu, X. Lu, R. Shi, H. N. Liang, T. Dingler, E. Velloso, J. Goncalves. Gaze-
Supported 3D Object Manipulation in Virtual Reality. CHI '21.



BodyOn
Design Space

Blending on-body and mid-air
interfaces in VR

On-body + mid-air — input

N




BodyOn
Design Space

Blending on-body and mid-air
interfaces in VR

On-body + mid-air — input

7\




BodyOn
Design Space

Blending on-body and mid-air
interfaces in VR

On-body + mid-air — input
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BodyOn
Design Space

Blending on-body and mid-air
interfaces in VR

Mid-air < on-body

A
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Research Outcomes
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Intelligent Suggestion Visualization New Modalities

Efficiency V J J

Ergonomics V V V

Expressivity V J




Thank you!

https://www.difeng.me
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