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What Is taking so long?



Networking

Compute

Display Optics

Audio

Battery Tracking



Networking
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Audio Interactions & Interfaces
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Command Line Interfacessraphical User Interfaces  Natural User Interfaces  Mixed Reality Interfaces

(mainframes, keyboard) (personal computers, (tablets, smartphones, (MR glasses, wristbands,
keyboard & mouse) touch/gestures) ??7)
1960s 1980s 2000s 2020s
>

New Computing Era
New Display Form Factor
+ New Input Method
+ New Interface
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Novel XR Wristbands

Penfield & Rasmussen. 1950




Electromyography Wristbands




Wil % WWWWW"‘“!‘:IJ']-"IIf"t'-'T"'-":. il

i WHMMWWwWWWWﬂMF i
fﬁd.r»aL'HLwlmwﬁ;miw'mmwwtﬁmﬁ**ﬂw&'ﬂﬂwmmfﬁ *h‘-‘W“

) o el o Yy e e S o st tihvm
| | | [ 1 1 |







Fusion of Optical and Inertial Sensing

8x optical proximity 1x IMU

Sensors

AX vibrotacm

Parizi, F. S., Kienzle, W., Whitmire, E., Gupta, A., and Benko, H. (2021) RotoWrist : Continuous Infrared Wrist Angle Tracking using a Wristband. In Proceedings of ACM VRST '21.
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Active Electrical Sensing of Touch and
Contact

Q- SV Shet

Before Touch After Touch Headset Receiver

Zhang, Y., Kienzle, W., Ma, Y., Ng, S. S., Harrison, C., and Benko, H. (2019). ActiTouch : Robust Touch Detection for On -Skin AR/VR Interfaces. In Proc. of ACM UIST 2019.



Active Electrical Sensing of Touch and Contact

(a) Electrodes (b) Pinch
Rx Tx

(c) Palm-touch

ElectroRing detects contact between the fingertip and the body

Kienzle, W., Whitmire, E., Rittaler, C., and Benko, H. (2021) ElectroRing : Subtle Pinch and Touch Detection with a
Ring. In Proceedings of ACM CHI '21.



Acoustic Touch Sensing on Any Surface

-------- Sound Wave - Surface Wave
® Microphone @ Accelerometer
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Gong, J., Gupta, A. and Benko, H. (2020). Acustico : Surface Tap Detection and Localization
using Wrist -based Acoustic TDOA Sensing. In Proceedings of ACM UIST '20.



Wrist Haptics

Tasbi

Multisensory Squeeze and
Vibrotactile Wrist Haptics for AR/VR

Evan Pezent
INREIES

Majed Samad
Shea Robinson
Priyanshu Agarwal
Hrvoje Benko

Nick Colonnese

Penzent E., Israr, A., Samad, M., Robinson, S., Agrawal, P., Benko, H., and Colonnese, NagbOiA)ltisensory Squeeze and
Vibrotactile Wrist Haptics for Augmented and Virtual RedlityProc. of World Haptics Conference (WHC 2019).










Magic of MR Interactions

happens when they are tightly )
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Context not known at design
time.
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How to deal with imprecise,
noisy, but sensing -rich
INputs?
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Can you type on a phone keybo




Probabllistic Phone Touch Keyboard
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Keyboard geometry model v/ e s+ A
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+ Touch precision model
+ Dictionary model sssss ted by many layers of computationa
+ Language model

When | type on the phone keyboard, | think |
am typing well, but in reality | am being
assisted by many layers of computational

| | . | + Nbest list Ul for error
| a——— y correction

asdfgh jk I

H' z ¥wme v b o @

+ Gesture model




Smart virtual keyboard can be better than a
physical keyboard

ON SURFA(Q

No haptics upon contad assive _haptics upon conta

Dudley, J., Benko, H., Wigdor, D., and Kristensson, P.O. (2019). Performance Envelopes of Virtual Keyboard Text Input Strategies in Virtual Reality. In Proc. of IEEE ISMAR 2019.



Entry Rate Results

120 -
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2 fingers, mieair
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Wizard of Oz Entry Rate (WPM)

261
!

0 | | | |
A B C D

Plot shows participant,qmedian and g(sorted by median) entry rates as well as
lumped condition g median and gentry rates. Only entries where error rate < 10%.




2 Finger VR Typing at >100 WPM
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Stimulus:How are things with you?




Computational
Approaches
Needed

AText entry

AHand, body, touch input
AObiject selection
AMultimodal fusion
ALayout optimizations
AAction recommendations
AError mitigations
APersonalization









MR Interaction Pipeline

Understand
Context




MR Interaction Pipeline

Understand Infer Goals
Context




MR Interaction Pipeline

Understand Infer Goals
Context

Adapt

Interaction
ABC

ABCD
ABCDE
ABCDEF
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MR Interaction Pipeline

Understand Infer Goals
Context

Adapt

Interaction
ABC

ABCD
ABCDE
ABCDEF

User Input
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User Input
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Action Sensing Prob. of Gesture
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Understand the Environment

Where am 1? What is around me?

Project Aria - Research glasses device to help
build the 3D map of the world together with all
the objects, people and their relationships

https://about.facebook.com/realitylabs/projectaria



https://about.facebook.com/realitylabs/projectaria/

. . Understand
Inferring user actions from sparse sensors

(000
What am | doing? @

Aria headset is doing SLAM + 2
wristbands with IMUs only are
providing full upper -body pose
and helping with action
recognition




Intent to Interact using gaze dynamics

What am | trying to accomplish?

ACAyApd DDAEGD AcdAcd
pupillometry features alone. (AUC

These features are consistent across individuals.
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Table 1: Features selected for model evaluation and the number of participants in which they were retained.

Feature Count | Feature Count | Feature Count
Fixation Detection 13 (87%) | Std. Dev. of Vert. Gaze during Saccade | 9 (60%) | Saccade Duration 8 (53%)
Gaze Vel. 12 (80%) | Kurtosis of Vel. during Saccade 9 (60%) | K Coefficient 8 (53%)
Average Vel. during Fixation 10 (67%) | Skew of Vel. during Saccade 9 (60%) | Std. Dev. of Vel. during Saccade 8 (53%)
Skew of Horiz. Accel. during Saccade | 10 (67%) | Skew of Horiz. Vel. during Saccade 9(60%) | Ang. Distance from Prev. Saccade | 8 (53%)

Infer Goals

DavidJohn, B., Peacock, C., Murdison, T. S., Benko, H., Jorkexafrds gazbased prediction of the intent to interact in virtual realiBTRA 2021



Infer Goals

Predictive Pointing

Controller Angular Velocities
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Henrikson, R., Grossman, T., Trowbridge, S., Wigdor, D., and Benko, H. (2020). Head - Coupled Kinematic

Template Matching: A Prediction Model for Ray Pointing in VR. In Proceedings of ACM CHI '20.



Gaze Features
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Adapt

Interface Adaptation to Minimize Noise niéractior

No adaptationg Raw gaze highlighting Adaptation based on 12I model ABCDE

ABCDEF

Intent-to-
Interact
Gaze Model

DavidJohn, B., Peacock, C., Murdison, T. S., Benko, H., Jonker, T.
Towards gazbased prediction of the intent to interact in virtual realiTRA 2021
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