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Computing enables opportunities 
that are difficult to achieve in the physical world
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Changing color: Easy Changing color: Hard
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How can we embed computing seamlessly 
into everyday objects?
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the same phone case 
in all three images 
Texture Transfer Speed: 20-40min
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the same shoe 
in both images 
Texture Transfer Speed: 45min
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the same car 
in both images 
Texture Transfer Speed: 20-30min
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Reprogrammable Fibre
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Chromanails: Reprogramming Fingernails

Photochromic

Nailpolish Reprogrammer Reprogrmmable


Fingernail Texture
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Key Contributions

Reprogrammable Multicolor Ink 
Using photochromic dyes

Computational model 
Controlling individual saturation levels

Coating & Hardware System 
 For automatic reprogramming
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photochromic dyes
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photochromic dyes
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20 sec (saturation) 
UV light

4 min (desaturation) 
visible light

Repeat 
Multiple times
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Previous Work

[ Saakes et al., Photochromic Carpet] [ Hashida et al., Photochromic Canvas]

Problem: only one color
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Our Idea: Mixing cyan, magenta, and yellow dyes 
               Generating a large color spectrum
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CMY mixture

The same liquid in all images

Changing the saturation of each dyes individually produces different colors

How to control the saturation of cyan, magenta, and yellow?
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Absorption spectrum of each dye for desaturation:
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Regular DLP Projector

Shine light of a specific wavelength on the mixture
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Key Contributions

Reprogrammable Multicolor Ink 
Using photochromic dyes

Computational model 
Controlling individual saturation levels

Coating & Hardware System 
 For automatic reprogramming
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RGB light desaturates CMY dyes
But what is the impact of each light source on each dye?
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Experiment
- illuminate each dye with each wavelength 
- measure desaturation over time

cyan dye magenta dye yellow dye
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Desaturation times for red light
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Color A
fully saturated CMY (1,1,1)

Color B

Goal: Create target color B from Color A 

red light 
green light  
blue light

tr = 200s 
tg = 380s 
tb = 20s

Shine red/green/blue light for a time t = (tr,tg,tb)
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Minimize for t Estimated Color Target Color

Estimate color for given t

CMY (1,1,1)
red light 

for tr seconds
green light 

for tg seconds
blue light 

for tb seconds
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Key Contributions

Reprogrammable Multicolor Ink 
Using photochromic dyes

Computational model 
Controlling individual saturation levels

Coating & Projector System 
 For automatic reprogramming
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User Interface and Projection System



44



45



46



47

Challenges and Opportunities



48

Improving the color gamut

Only a limited amount of colors are commercially available 
Limits the overall color gamut

New dyes get developed

Experimental cyan
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Multi-Color DLP 3D printer 
with photochromic resin

UV projector  
For curing

DLP projector 
For desaturating

Controllable mirror

Print 
chamber
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Texture transfer speed 
The stronger the projector, the faster the reprogramming

Saturation time: 1min Saturation time: 30 seconds
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Fast Previews in 60 seconds 
In Grayscale

UV Projector

Wessely et al., ChromoUpdate, ACM CHI’21
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Hardware Setup
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Summary

Reprogrammable Multicolor Ink 
Using photochromic dyes

Computational model 
Controlling individual saturation levels

Coating & Hardware System 
 For automatic reprogramming
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How can we embed computing seamlessly 
into our environment?
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Challenges for Large-Scale User Interfaces

Rough Materials Size Limitations
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Challenges for Large-Scale User Interfaces

Spraying is contact-less Spraying is not Limited in Size
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Spraying Sensor and Displays
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Clear Conductor 
(PEDOT:PSS)
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Application Example: Interactive Furniture
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Electroluminescent Displays

Copper
Dielectric
Phosphor

Clear Conductor (Pedot:PSS)
Copper Bus

Light Light
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Electroluminescent Touch Display
67
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Technical Evaluation 
On soft and rough materials



Porous Stone Organic Sponge Smooth Marble

Rough Ceramic Rough Wood PLA

Transparent PVC Cardboard Leather

Conductivity 
On different materials
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Conductivity 
rough surfaces do not hinder conductivity
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Conductivity 
rough surfaces do not hinder conductivity

Porous stone
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Challenges and Opportunities
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Interactive Architecture: Scaling it up to Buildings

Source: KatsuActuated panels 
Control the appearance of the buildings
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How can we integrate computing seamlessly 
into the human body?
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UIST’24 CHI’25 Demo
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Design Principles

Safety
- Bio-compatible Material

- Bite-proof Design

- Water-contact indicators

Comfort
- Miniaturizing Electronics

- Open-Bite Design

Mobility
- Fully-Functional as is

- Wireless Charging and  

Communication

Accessible Fabrication
- Commercially available materials

- Inexpensive (~$20 per brace)

Wide Range of Functionality
- Supports custom PCB designs

- Wide range of sensors and output  

components available
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Let’s step back for a moment
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Computing has revolutionized  
how we interact with digital data

However, these capabilities are 
difficult to apply to physical matter…
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#1 How can we integrate computing into everyday objects?

the same phone case 
in all three images
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#2 How can we integrate computing into our environment?
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#3 How can we integrate computing to the human body?
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Thanks to my awesome team

Ongoing Projects: 

AI for Fabrication 

Integrated silver ink-
jet 3D printing 

Oral User Interfaces 
for XR and Health

Join our Team!! 

Open positions for BA/MA thesis 
10 ECTS semester projects
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michael.wessely@cs.au.dk
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Fibre
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