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Sustainability
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“green”

informatics

needs

why?
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Droughts
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Malnuntrition

Resource
Scarcity

Nondegradability

effects

root causes

causes

effect sizes
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“green”

informatics

needs

what?

HCI

IUI

HCI

information

 assistance

 incentivation

 persuasion
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Permission by CEiiA, www.ceiia.com, Helena Silva

Challenge: CyberPhysical Integration 

in the Wild
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HCI Evolution
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For 50 years: glass walls separate analog (human) from digital!

1



HCI Evolution

behind glass HCI
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1: https://pixabay.com/de/vectors/kern-physik-atom-protonen-35000/ (Pixabay license, Clker-Free-Vector-Images

immersive HCI

hands & eyes: behind glass  AR/VR  ?

mouth & ears: voice assistants  ?

body & space: ??

cyber physical HCI



Technische Universität Darmstadt                      

Optional Material : Ongoing

Research
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A Note Up Front

 Don‘t get distracted by clumsy lab prototypes

 Remember Ivan Sutherland‘s „Sword of Damokles“
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1: https://commons.wikimedia.org/wiki/File:Head-mounted_display_and_wired_gloves,_Ames_Research_Center.jpg (Public Domain, NASA)

2: https://www.piqsels.com/en/public-domain-photo-isugj  (free under CC0 PD license)
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Today: Visual Immersion + Simple 

Hand Input

 AR/VR today: Cyber Touch / Cyber Gestures
 (eyes and) hands …

 … + optional: controller

 … navigate in cyber model

 … perform touch/gesture on cyber model
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1st Step: From Hands to Arms, AR-to-

Go

 Cyber-Physical Upper-Limb Interaction
 perceptionmotion of upper limbs …

 (+optional: Smartwatch or similar)

 … immediately & continuously interacts with cyber model

 … location independent enables interaction on the go
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Proximity-based Interaction
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Immediate & Continuous Interaction …

… with continuous model … with discrete model

Max Mühlhäuser © - Usable Sustainability 18



Numerous

Applications
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Numerous

Applications
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Use Case Smartwatch Interaction
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Various Research 

Issues
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Next Step: Lower Limbs, True Outdoor 

Immersion

Outdoor Cyber-Physical Interaction
 immediate interaction at large scope (city global) …

 … leveraging the lower limbs

 … keeping hands free for physical world

Max Mühlhäuser © - Usable Sustainability 231: https://pixabay.com/de/vectors/erde-globus-welt-amerika-23593 (Pixabay license, Clker-Free-Vector-Images)
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Today‘s interaction with

HMDs
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MIND THE TAP
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Mind The TAP

icons: https://fontawesome.com/  (CC BY 4.0, stadard free icons)



MIND THE TAP: Concept

direct interaction indirect interaction

Hypothesis: Proprioception 
allows users to operate indirect 

interfaces.
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Rows and Columns
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Controlled Experiment: Direct

Interaction

direct interaction
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Initial Results: Accuracy and Area
All measurements in meters.
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Controlled Experiment: Indirect

Interaction

interaction indirect interaction
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WALK THE LINE
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Concept
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Concept
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Concept
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Contributions

?
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Big Step: Turning The Physical World 

Interactive

 Interaction with Cyber-Physical Objects
 Physical world becomes part of the system

 AR up to now: digital world only overlaid on physical world

 issue here: how to fabricate interactive objects with ease

 (Lead Researcher: Dr. Martin Schmitz)
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Demo App: combines AR and 3D printed cyber-physical objects

 scenario: check across two distant locations

 check board: tabletop or tablet PC

 own figures: 3D printed, interactive

 remote figures: AR based

CHECKMATE: 3D-print & AR

Max Mühlhäuser © - Usable Sustainability 37



Identify

Position & Rotation

Track

Itsy-Bits
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3D-Printed Port

Printed Sensors

Magnetic Board

Oh Snap!  -- Self-Contained 3D-

printed objects
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Importing a 3D model

1

Adding capacitive sensors

2

Adding magnetic connector

3

Automatic wiring

4

A) Designing

Process for Step A: Design
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D) Interacting C) Snapping

Printed Object with  

Magnetic Interface
B) Printing

Oh Snap Board

A) Designing
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12 sensing channels

60 mm

32 mm

Credit Card (86 x 54 mm)

WiFi & BLE

Battery on board

WebSocket & MQTT
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Applied Research: Sustainable-

Mobility HCI

 Sustainable mobility is very dangerous

 Large safety gap: cars sustainable individual mobility (bike, eScooter …)

 Research challenge: digital assistance HCI in the wild

Cyclists‘ Assistance Systems Training & Evaluation Methods

Max Mühlhäuser © - Usable Sustainability 46
1 https://commons.wikimedia.org/wiki/File:Berlin_ghostbike.jpg (license free, Bukk)
2 https://pixabay.com/photos/augmented-reality-bicycle-girl-bike-1853592 (Pixabay license, Pexels)

Autonomous Cycling 
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Summary

 Usable sustainability informatics is the enabling technology consider HCI!

 Remember usable security: took decades to get recognized as key enabler

 HCI has „departed from“ behind-glass interaction …

 … and embarked on immersive interaction: AR, VR  cyber-physical interaction

 Challenge: interaction in the wild / on the go

 Challenge: integration with physical world

 E.g., with the help of 3D printing: custom-fabricated objects

 SWOT Threat: timeframe for acceptable devices

 SWOT Opportunity: key element of digitization in industry & life
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Credit Goes to TK Lab‘s HCI group

… postdocs,

 current PhD researchers,

 former postdocs and researchers, including …

Sebastian GüntherDominik Schön Julius von WillichHesham Elsayed

Jan Riemann Martin Schmitz Thomas KoschAndrii Matviienko

and many excellent
Master‘s students

our collaborators from
around the world,
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Urban Interaction

Interactive Surfaces & Spaces

Fabricated Interaction

Haptics & Mixed Reality

Dr. Markus Funk Dr. Niloo Dezfuli Dr. Mo Khalilbeigi

Prof. Dr. Jürgen Steimle Prof. Dr. Jochen Huber

Dr. Florian Müller

Dr. Karola Marky



The End

Thank you for listing!

Questions?
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