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ABSTRACT 
We present Anabiosis, an interactive pictorial artwork based on 
our novel paper computing technique called Polychrome Paper 
Computing. When a viewer touches a butterfly printed on paper 
surface, the color of the butterfly changes dynamically. The user 
can also enjoy the flying animations and interactive instructions 
on the beautiful butterflies. Polychrome Paper Computing is a 
new color-generating technology which enables dynamic color 
change without losing thin soft character of paper. Focusing on 
polychrome printing techniques used in traditional paper works 
such as Ukiyo-e (pictures of the floating world), we have 
developed a multilayered structure composed of normal inks and 
functional inks. The technology makes it possible to generate 
interactive paper works that can utilize both expressions and 
techniques of paper human has developed. 

Categories and Subject Descriptors 
H.5.2 [User Interfaces]: Haptic I/O. 

General Terms 
Design, Human Factors. 

Keywords 
Paper Computing, Polychrome Painting, Organic User Interfaces 

1. INTRODUCTION 
Humans have been developing skills and technologies to 

express the beauty on the paper. For example, calligraphy is a 
technical skill to produce beautiful characters, and polychrome 
printing is a printing technique of Ukiyo-e. These paper arts have 
been fascinating people all over the world and playing an 
important role as entertainments in our daily life.  

In this paper, we propose an interactive pictorial artwork 
Anabiosis (Figure 1). On the surface, Anabiosis is a normal 
painting drawn on paper and we cannot feel any digital elements 
from it. However, when the viewer touch a butterfly printed on 
paper, the color of the butterfly changes dynamically as if a life is 
breathed into it. The work is based on Polychrome Paper 
Computing, a new color-generating technology which enables 

dynamic color change on paper without losing thin soft character 
of paper using printing techniques and functional inks. 

The goal of our project is to connect computing with the 
expressions on paper seamlessly. Therefore sensors, actuators and 
electrodes are realized by existing printing techniques. 

2. RELATED WORKS 
Recently, paper computing techniques have been attracting 

large attention. Buechley et.al.[1] have developed the environment 
for the electric engineering on paper. They have introduced 
conductive ink and resistant ink, to propose the way to design the 
circuit on paper and given the quality as a decoration to the circuit. 
Electronic Pobables[3] is a popup book using this developing 
environment. Coelho et.al.[2] have developed pulp-based 
computing, which introduced the conductive fiber into paper to 
light LEDs. These works have proposed methods to introduce 
electrical engineering on paper and expanded the capabilities of 
paper. On the other hand, because electronic parts like LEDs are 
embedded directly in paper, these works partially loose the thin 
soft character of paper. Instead of embedding electronic parts on 
paper, we developed a technique to realize non-emissive color 
change by using existing printing technologies.  

3. POLYCHROME PAPER COMPUTING 
The core technical innovation of Polychrome Paper Computing 

is to enable dynamic color change on paper without losing thin 
soft character. By using this technology, it becomes possible to 
add the expressions such as dynamic color-change and animation 
to drawing objects on paper.  
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Figure 1. Anabiosis 
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As shown in figure 2, the technique consists of two functions. 
The color-change function controls the color of drawing objects 
by using liquid crystal ink which is made of microcapsules of 
liquid crystal with fascinating structural color. The show-hide 
function controls the visibility of drawing objects by using 
thermochromic ink. Like a polychrome, circuits and heating parts 
are printed on the back side, and on the adverse side, decorations 
(outline of image) and the mechanism to realize color-change is 
printed.  

To change the color of liquid crystal ink and thermochromic 
ink, it is required to embed heating elements into paper without 
loosing the look and feel of soft material. Using regular heating 
elements like nichrome wire and peltier device can spoil the 
thinness of paper. We solved this problem by using printing 
techniques and functional inks. For heating material, carbon 
heating paste and medium for resist control are used. Medium for 
resist control makes the resistance about twice by adding in 5% to 
the object carbon paste. Silver paste is used for electrode. Behind 
the drawing objects, capacitance sensor made by copper foil is 
placed. By using this tape, it becomes possible to embed sensor 
part without losing thinness of paper. This sensor part senses the 
human touch, and controls electricity. 

4. ANABIOSIS 
Adabert Seiz (1860-1938), an Entomologist of Germany, has 

edited "The Macrolepidoptera of the World"[4], 16 part series of 
lithograph of butterflies and moths from the world. The butterflies 
created by Seitz, has a presence and beauty as if they are alive. 
Anabiosis is developed to give a dynamic aesthetics to a beautiful 
butterfly Seitz has drawn on paper.  

Anabiosis is composed of three dynamic expressions: color-
change, show-hide and animation. Color-change is the main 
expression of Anabiosis. While touching the abdomen of the 
butterfly, the color of wings changes from monochrome to red, 
green, and blue in sequence. The sequence generates the illusion 
of iridescence. By touching a butterfly on a piece of paper, this 
gives a feeling of a resurrection by parting a life of human into a 
butterfly (figure 3). Show-hide function realizes the instruction of 
butterflies by appearing the textural information on the black 
silhouette (figure 4). By touching a rose on paper surface, subtle 
flying animation of a butterfly is provided. This expression is 
realized by the sequence of show-hide functions (figure 5). 

5. CONCLUTION 
In this paper, we described Anabiosis, an interactive pictorial 

art based on Polychrome Paper Computing, a new color-
generating technology which enables dynamic color change on 
paper without losing thin soft character of paper material. We 
provided construction details and use case of dynamic expressions 
used in Anabiosis. By using Polychrome Paper Computing, it is 
expected to connect paper and computing seamlessly and to 
embed dynamic expressions and new experiences into paper 
works. When the paper gets the character connecting to computer 
seamlessly, a fascinating work which holds another dynamic 
beauty, will be generated. 
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Figure 2. Color-generating structure 
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Figure 3. Color-change expression. Left: before color 
change. Right: iridescence color changing. 

 

Figure 4. When a viewer touches a butterfly printed 
on paper surface, the instruction of the butterfly 

appears dynamically. 
 

Figure 5. Animation of the butterfly. 


