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A Vision of 
All -day MR

ÅSensory and social ĎĐċĀčċĊĒĀčĎ<

ÅCommunicate and collaborate at a 
distance

ÅNext computing platform

Facebook F8 2017



Meta Connect 2021

Metaverse
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What is taking so long?
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1960s 1980s 2000s 2020s

Command Line Interfaces 
(mainframes, keyboard)

Graphical User Interfaces
(personal computers, 
keyboard & mouse)

Natural User Interfaces
(tablets, smartphones, 
touch/gestures)

Mixed Reality Interfaces
(MR glasses, wristbands, 
???)

New Computing Era = 
New Display Form Factor 

+ New Input Method 
+ New Interface



Novel Displays

Novel I/O Devices

Novel Interfaces





https://research.fb.com/blog/2017/05/oculus-research-spotlight-meet-the-team-behind-focal-surface-displays/ https://research.fb.com/blog/2021/08/display-systems-research-reverse-passthrough-vr/

https://research.fb.com/blog/2017/05/oculus-research-spotlight-meet-the-team-behind-focal-surface-displays/
https://research.fb.com/blog/2021/08/display-systems-research-reverse-passthrough-vr/


Novel Displays

Novel I/O Devices

Novel Interfaces





Penfield & Rasmussen. 1950

Novel XR Wristbands

DǊŀȅΩǎ !ƴŀǘƻƳȅ tƭŀǘŜǎΦ мфму



Electromyography Wristbands  
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Fusion of Optical and Inertial Sensing

8x optical proximity 
sensors

4x  vibrotactors

1x IMU

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.





Active Electrical Sensing of Touch and 
Contact

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

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

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

Penzent, E., Israr, A., Samad, M., Robinson, S., Agrawal, P., Benko, H., and Colonnese, N. (2019).Tasbi: Multisensory Squeeze and 
Vibrotactile Wrist Haptics for Augmented and Virtual Reality.In Proc. of World Haptics Conference (WHC 2019).



Haptic Gloves



Novel Displays

Novel I/O Devices

Novel Interfaces



Magic of MR interactions 
happens when they are tightly 
þĊĐċćĀÿ ďĊ ďăĀ ĐĎĀčĜĎ 
environment.

context



Context

environment 
ºĎċüþĀ ĂĀĊĈĀďčĔ# ĊýąĀþď ĎĀĈüĉďĄþĎ# ċĀĊċćĀ üčĊĐĉÿ#+»<

task  
ºþĊĈĈĐĉĄþüďĄĊĉ# ĉüđĄĂüďĄĊĉ# þüćĀĉÿüč#+»<

user actions 
(gestures, body pose, bio -ĎĄĂĉüćĎ#+» 

ĐĎĀčĜĎ ĈĀĉďüć ĎďüďĀ 
ºĀĈĊďĄĊĉüć# ĈĀĉďüć ćĊüÿ# þĊĂĉĄďĄđĀ āĊþĐĎ#+»<



Context not known at design 
time. 



Person ComputerHCI



Person Computer

World

MR

SensingReality

HCI



How to deal with imprecise, 
noisy, but sensing -rich 
inputs?





Can you type on a phone keyboard?



Probabilistic Phone Touch Keyboard

Keyboard geometry model
+ Touch precision model
+ Dictionary model
+ Language model

+ N-best list UI for error 
correction

+ Gesture model



Smart virtual keyboard can be better than a 
physical keyboard

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.

MID AIR
No haptics upon contact

ON SURFACE
Passive haptics upon contact



Entry Rate Results

Plot shows participant q1, median and q3 (sorted by median) entry rates as well as 
lumped condition q1, median and q3 entry rates. Only entries where error rate < 10%.

A. 2 fingers, mid-air
B. 2 fingers, on-surface
C. 10 fingers, mid-air
D. 10 fingers, on-surface



2 Finger VR Typing at >100 WPM

Stimulus: How are things with you?



Computational 
Approaches 
Needed

ÅText entry

ÅHand, body, touch input

ÅObject selection

ÅMultimodal fusion

ÅLayout optimizations

ÅAction recommendations

ÅError mitigations

ÅPersonalization
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MR Interaction Pipeline

Understand 
Context

Infer Goals
Adapt

Interaction
User Input
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MR Interaction Pipeline

Understand 
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User Input



Prob. of GestureSensing

ML

Action

Pinch



Understand the Environment

Where am I? 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/


Inferring user actions from sparse sensors

What am I 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 I trying to accomplish?

ñčĀÿĄþď ĐĎĀčĜĎ ĄĉďĀĉď ďĊ ĄĉďĀčüþď ĒĄďă ü đĄčďĐüć ĊýąĀþď ĐĎĄĉĂ ĀĔĀ-tracking and 
pupillometry features alone. (AUC -ROC = 0.77, chance 0.5)

These features are consistent across individuals. 

David-John, B., Peacock, C., Murdison, T. S., Benko, H., Jonker, T.  Towards gaze-based prediction of the intent to interact in virtual reality. ETRA 2021



Predictive Pointing

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.



Model Intent-to-interact 

(Gaze + Hand)
Prob. of Intention

ÅLogistic Regression
ÅHMM
ÅCNN

ÅLSTM

Prob. of 

Selection

ÅWeighted Sum
ÅDempster Shafer Theory
ÅChoquet's fuzzy integral

Fusion Module



Interface Adaptation to Minimize Noise

David-John, B., Peacock, C., Murdison, T. S., Benko, H., Jonker, T. 
Towards gaze-based prediction of the intent to interact in virtual reality. ETRA 2021

No adaptation ς Raw gaze highlighting Adaptation based on I2I model



Yu, D., Desai, R., Zhang, T., 
Benko, H., Jonker, T.R., and 
Gupta, A. (2022). Optimizing the 
Timing of Intelligent 
Suggestion in Virtual 
Reality. In Proceedings of ACM 
User Interface Systems and 
Technology (ACM UIST '22).


