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1. Project Goal

The goal of this project is creating paper based motion media. 
Paper is a medium in its original form. It was introduced to 
the world as a media of information hundreds of years ago. 
It is still probably the biggest and very important media. 
We aim to create controllable paper as media of motion, 
like a robot. 
The word “robot” may sound a little hard, heavy and large. 
But, soft robots like rubber or soft toy animals, small 
and light robots are studied widely these days. Paper is 
apparently a soft material. Paper can be folded since it is 
flat and thin, and folded paper planes can even fly. It is a 
media that can be two-dimensional and also can be three-
dimensional. Two-dimensional papers not only have the 
advantage of transformability and lightness, but also the 
advantage of cost and variety. There are a lot of types of 
paper in various prices. Additionally, printers for home are 
becoming more common.
Moreover, paper can be folded and make three-dimensional 
can be treated as a component or a structure. There are beds 
and tables made of cardboards and some dress designers 
make cloths out of paper.
Paper that can change its shape and motion has features 
of both dimensions. It can be carried and transformed 
easily, and it can also treat like a robot by controlling their 
position and form. This project makes, for example, the 
origami robots which can be made with scissors and glue, 
the disposable robots, and the robots which can carry by 
hand anywhere and is assembled anywhere.

2. Technical breakthrough

We design energy projection system to control paper, 
named “Animated Paper”. The paper does not need to have 

actuators, batteries, lines or processors which add hardness 
and weight, then interrupts paper’s motion, because the 
energy projector provides the energy required for changing 
the shape of the paper remotely. So, this movable paper 
does not have to care about the working time and battery 
weight such as conventional battery operated robots do. 
The paper only has to put small light material that changes 
its shape with temperature as an actuator, and an energy 
projector provides the thermal energy to move remotely 
when the user wants to control the paper. This method 
solved the working time problem and the power supply 
problem, and realized wireless control of paper.
 There is another reason why we have chosen heat projection 
method to control the paper. Paper has very quick response 
speed of heat because plane object has an extremely high 
ratio of the surface area to volume compared with a solid 
object. Supplying energy from the outside made it possible 
to also remove the computer from the paper. Finally, 
actuator reduces to only a small shape memory alloy and 
a small retro reflective material as a marker attached to 
the side of paper. The high power laser projection system 
that is selected as the thermal projector can provide heat 
energy to the small coil of shape memory alloy with a high 
resolution in time and space. The resolution is enough 
to supply thermal energy alternatively to the two shape 
memory alloys arranged on different position of the paper. 
 It is an advantage of using laser as an energy source that 
the position of a marker can be pinpointed and it can follow 
in real time by measuring the change in the retro catoptric 
light of the laser. But, of course, laser is not the exclusive 
way of a thermal energy projection. There are many ways 
to heat energy projection. For example, hair dryer, sunlight, 
and heater are also possible. 
Also shape memory alloy can be heated and shrink in 
microwave oven. A microwave oven controls its output 
power by changing the ratio of on time to off time. So, we 
can control the timing of changing shape of the paper in 
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microwave oven.
On the other hand, shape memory alloy is not the exclusive 
material that changes with temperature. There are many 
thermo sensitive materials that change their form or property 
like thermoset, thermal expansion, heat-shrinkable, and 
thermoplastic. 
Another application could be designed by combining 
these materials and a heat source. We made a paper that 
transforms into a paper craft model after being heated by 
microwave oven (Fig.1). That is a combination of paper, 
heat shrink tube, and very thin aluminum sheet that can 
provide heat to the heat shrink tube effectively. We found 
that the shape after heating, depends on the size of heat 
shrink tube, aluminum sheet, and the paper because of 
the shrinkage ratio, weight, stiffness and elasticity of the 
materials (Fig.2).

3. Innovative Applications 

Since the shape memory alloy that is put on the movable 
paper as an actuator is very thin and light, when paper 
changes its shape by the actuator, it can perform easily 
changing the center-of-gravity position of the whole paper 
craft. The paper panda created as an example that has shape 
memory alloy on its back could walk forward and do a 
forward roll successfully by heating. 
Even a child can use this paper system and can create 
movable paper craft. It is a simple and good tool for 
storytelling. 
In a workshop we held using the paper based system 
proposed in this proposal, various prototypes were created 
in a short period of time by children using their free thinking. 
Children received an easy explanation about the operation 
of the motion system and they started moving paper 
manually, then completed the paper craft, and regenerate 
the motions using heat from a hair drier.  Children spoke 
about their own movable paper work with great excitement, 
and the children in the audience were paying attention to 
the prototypes with high enthusiasm.
A post card that transforms into a paper craft model after 
being heated by microwave oven can both make the card 
receiver surprised and allow the sender to derive fun from 
sending the card because it is very easy to design and also 
to heat up (Fig.3). In the user test, we observed the receiver 
was really excited to see the transformation of the card.

Figure 3: a paper craft model made by microwave oven

Figure 1: a paper that transforms after being heated by 
microwave oven

Figure 2: angular control by the difference in the size of 
materials

resolution is enough to supply thermal energy alternatively to the two shape memory 
alloys arranged on different position of the paper.  
 It is an advantage of using laser as an energy source that the position of a marker can 
be pinpointed and it can follow in real time by measuring the change in the retro 
catoptric light of the laser. But, of course, laser is not the exclusive way of a thermal 
energy projection. There are many ways to heat energy projection. For example, hair 
dryer, sunlight, and heater are also possible.  
Also shape memory alloy can be heated and shrink in microwave oven. A microwave 
oven controls its output power by changing the ratio of on time to off time. So, we can 
control the timing of changing shape of the paper in microwave oven. 
 On the other hand, shape memory alloy is not the exclusive material that changes with 
temperature. There are many thermo sensitive materials that change their form or 
property like thermoset, thermal expansion, heat-shrinkable, and thermoplastic.  
 Another application could be designed by combining these materials and a heat 
source. We made a paper that transforms into a paper craft model after being heated by 
microwave oven (Fig.1). That is a combination of paper, heat shrink tube, and very thin 
aluminum sheet that can provide heat to the heat shrink tube effectively. We found that 
the shape after heating, depends on the size of heat shrink tube, aluminum sheet, and 
the paper because of the shrinkage ratio, weight, stiffness and elasticity of the materials 
(Fig.2). 
 

   
 
Fig.1 a paper that transforms after being heated by microwave oven 
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Figure 4: user test

Fig.3 a paper craft model made by microwave oven 

 

 
Fig.4 user test 

 

4. Academic Achievement 

 The project resulted in several publications listed at the end o this document. In 
addition, we have presented one project that concerns the topic at Japanese domestic 
workshop and we are also preparing for a journal publication about another 
combination of the materials and heat sources.   
 

5.   Achievement in Talent Fostering 

 I would like to thank five graduate students and two faculties in our lab for helping me 
to test many kinds of materials and heat sources, setup hardware and carrying out the 
experiments. 
 One student received her master degree from Keio University Graduate School of 
Media Design for her work on moving paper interaction and communication.  
 

6.   Project Development 

The project is on going with the support from JST ERATO. 
 

 
Publications 

List of publications to date or planned in next 2 years related to the project (paper, patent, report, presentation, 

book, book section) 

Paper Please list paper publications here in the format below and highlight the ones with explicit 

4. Academic Achievement

The project resulted in several publications listed at the end 
o this document. In addition, we have presented one project 
that concerns the topic at Japanese domestic workshop 
and we are also preparing for a journal publication about 
another combination of the materials and heat sources.

5. Achievement in Talent Fostering

I would like to thank five graduate students and two 
faculties in our lab for helping me to test many kinds of 
materials and heat sources, setup hardware and carrying 
out the experiments.
One student received her master degree from Keio 
University Graduate School of Media Design for her work 
on moving paper interaction and communication. 

6. Project Development

The project is on going with the support from JST 
ERATO.

7. Publications

Paper publication
1) Naoya Koizumi, Kentaro Yasu, Angela Liu, Maki 

Sugimoto, Masahiko Inami, Animated paper: A toolkit 
for building moving toys, Computers in Entertainment 
(CIE) 8(2):7, 2010

2) Naoya Koizumi, Kentaro Yasu, Angela Liu, Maki 
Sugimoto, Masahiko Inami, Animated Paper: A Moving 
Prototyping Platform, UIST '10 Adjunct proceedings 
of the 23nd annual ACM symposium on User interface 
software and technology, 2010, pp.389-390

3) Naoya Koizumi, Kentaro Yasu, Angela Liu, Maki 
Sugimoto, Masahiko Inami, Animated Paper: A Moving 
Prototyping Toys, 7th International Conference on 
Advances in Computer Entertainment Technology, 
2010

4) Shreya Deshmukh, Masaki Aijima, Hirokazu Kawana, 
Yuta Sugiura, Naoya Koizumi, Masahiko Inami, 
PHOENIX-LETTERS: Designing Special Messages with 
Burning Patterns in a Microwave Oven, EC2010, 2010 




