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ABSTRACT 
Paper Mechatronics is a novel interdisciplinary design 
medium, enabled by recent advances in craft technologies: 
the term refers to a reappraisal of traditional papercraft in 
combination with accessible mechanical, electronic, and 
computational elements. I am investigating the design space 
of paper mechatronics as a new hands-on medium by 
developing a series of examples and building a 
computational tool, FoldMecha, to support non-experts to 
design and construct their own paper mechatronics models. 
This paper describes how I used the tool to create two kinds 
of paper mechatronics models: walkers and flowers and 
discuss next steps. 
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INTRODUCTION 
Papercrafting invites a diverse range of people to 
investigate art, craft and mechanics through hands-on 
making. Paper, which is thin, lightweight, ubiquitous, and 
inexpensive, enables people who have only basic technical 
skills to work in this playful and creative medium. Making 
origami figures, paper automata, and myriad geometry 
artifacts motivates us to actively explore our ideas beyond 
the aesthetic and technical quality of our creation. For 
instance, one may build a tiny origami triangle and envision 
a giant pyramid. 

Today, the design space of papercraft can be enlarged with 
recent high-low technology innovations. Small lightweight 

microprocessors can be embedded within paper 
constructions; sensors, actuators, electronic elements, and 
power sources may be connected to those processors by 
conductive inks, tapes, adhesives, and threads. We call this 
interdisciplinary domain “Paper Mechatronics”—the 
combination of mechanisms, electronics, and computation 
with the traditional cutting and folding activities of 
papercraft. An introductory level of electronic circuitry and 
programming enables novice users to build dynamically 
original and interactive paper machines. The widened 
medium represents a remarkable leap in the palette for 
creative exploration [7]. 

My research investigates two threads: exploring the design 
space of paper mechatronics as a new medium and 
developing a computational design tool to support this 
exploration. Although paper mechatronics affords the 
potential to move beyond traditional realm of papercraft, 
the inherently interdisciplinary nature imposes a barrier for 
novices. For instance, to design a paper mechatronics 
model, one must understand fundamental structures 
whereby mechanisms and physical forms combine to 
generate a movement, and then to plan the embedding of 
electronic parts to the structure. The enhanced 
expressiveness and required techniques present not only 
opportunities for learning and creativity but also more 
challenges than each individual discipline. I aim to provide 
solid design examples and establish guidelines that suggest 
a plausible creative strategy starting from traditional 
papercrafting, and to develop a computational tool to 
empower novices in designing and building their own paper 
mechatronics creations. 

RELATED WORK 
Paper mechatronics is rooted in several established 
domains. Perhaps most importantly, paper mechatronics is 
founded upon the field of electronic papercraft. Qi and 
Buechley [9] presented an interactive pop-up book using 
non-standard electronics components such as copper 
conductive tape, conductive ink, and shape memory alloy 
wires that resemble traditional craft materials. Also, Saul et 
al. [10] developed tools and techniques for building simple 
paper devices such as employing a nitinol wire with gold-
leaf circuits. These examples illustrates a natural way in 
which ideas central to the study of electronics can arise in 
the context of constructing with paper.  
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Then, paper mechatronics combines electronically 
augmented paper with the field of playful and creative 
machines such as automata. Because building a moving 
craft artifact requires acquiring skills in mechanical 
construction, handcraft, and storytelling, it has been used as 
a popular educational medium for children. Rob Ives [4] 
has published books and hosts a website where educators 
and children can download printed kits to build, for 
example, the “Flying Pig”. Also Robert Addams lays out an 
instructional approach to building automata with a craft 
sensibility [1]. Onn and Alexander [8] provide an illustrated 
textbook on the creation of mechanisms and automata 
aimed at young audience as well.  

In addition, computational tools have been built to unfold 
virtual 3D models to assist building physical papercraft and 
designing and fabricating mechanical characters. An early 
entry into this space is Eisenberg & Eisenberg’s 
HyperGami (later Javagami) [3]. This software supports 
creating and modifying three-dimensional polyhedra on the 
screen, and unfold it as a two-dimensional map. Mitani and 
Suzuki [6] developed a method for converting virtual 
meshes into a set of triangle strips, and producing the 
unfolded patterns. Beyond the realm of papercrafting, Zhu 
et al. [11] presented a system to design automata by 
selecting a mechanism from a parameterized set. Coros et 
al. [2] support designing and fabricating mechanical 
characters based on a motion library to identify appropriate 
mechanisms. ChaCra [5] supports rapid crafting of planar 
mechanical characters by simplifying the design of 
animated characters. 

 

Figure 1. Design templates to construct walkers and 
flowers: the critical part of building a paper mechanical 

model is in the setting of rigid links, fixed pivots and 
moving pivots. By folding and unfolding, one can make 
these elements with paper strips. The models are strong 

enough to enable the construction to be pushed and 
pulled as a mechanical unit [7].  

TWO DESIGN MODULES: BUILDING WALKERS AND 
FLOWERS 
So far I have worked on two examples that illustrate the 
way in which paper mechatronics can develop into an 
engaging creative design medium, inspired by two kinetic 
art works, Theo Jansen’s Strandbeest 
(www.strandbeest.com) and Matthew Gardiner’s Oribotics 
(www.matthewgardiner.net). These mechanisms reflect a 
range of mechanical ideas. The walker constructions are 

based on Jansen’s elegant mechanism: a rotating central 
disk with opposing quadrilateral-based legs. The rotating 
disk deforms the two quadrilaterals, producing the walking 
motion. The flower constructions are based on a rack and 
pinion mechanism: a pair of gears that convert rotation into 
linear motion. As the pinion (a circular gear) rotates, the 
rack (a linear gear) travels, generating the up and down 
motion of the sepal (base of the flower). This animates the 
opening and closing motion of the petals. 

FoldMecha: a Computational Design Tool 
Figure 3 shows sequential screen snapshots of FoldMecha 
simulating the opening and closing of a paper flower. Along 
with animating mechanisms integrated with forms, 
FoldMecha supports hands-on learning and designing.  

A user begins with a default model to see how the 
mechanism works. Then the user modifies key design 
parameters (top left panel) and observes how this changes 
the movement. The simulation helps users understand how 
form and mechanical behavior are integrated and enables 
them to design their own working models by varying 
template parameters. After setting the design parameters, a 
user selects a mechanism (in building flowers: either “Rack 
and Pinion” or “Piston”) to generate the movement, and 
then “View the Map” navigates to the next page, which 
displays folding nets of the parts in the selected color with 
default dimensions.  The default size is 15-16 cm, but one 
can scale the width; the software changes the dimensions on 
the screen accordingly. The user can save and print the file 
in a PDF format, and build models by following the folding 
instruction on the left panel.  

Customization using templates  
Building a device with mechanical movement requires 
accurate structures, which in turn requires understanding 
both the physical forms and the mechanisms. Designing 
different models, not from scratch but by modifying 
parameters in a template, can lower the entry bar for novice 
users. Simple interactions (entering parameters, adding 
models, etc.) support users customizing the “look and feel” 
of a variety of forms within the working structure.  

Simplified prototyping with paper strips 
I simplified the design and construction process to support 
novices to reduce trial-and-error. Our system generates 
paper folding nets as paper strips with marked folding 
locations; after cutting, users fold the strips following the 
printed instructions to build the model they designed.  

 

Figure 2. Simulation of mechanical structures in 
FoldMecha and paper prototypes generated by the 

system via the folding nets. 
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Figure 3. Sequential screen snapshots of FoldMecha. 

Iterative Prototyping  
Design guidelines for the physical prototyping are 
developed based on iterative three stages. The first 
(mechanical) stage starts from a simple papercraft 
automaton without electronic or computational elements. 
Then the second (electronics) stage introduces elements 
such as a motor (or motor with a switch), sensors and other 
actuators. The third (computational) phase, includes 
programming and interactivity are included. The iterative 
constructions illustrate a plausible method that can be 
adapted for novices’ activities: a sequence of iterative steps 
through which students can create, test, and optimize these 
mechanical forms to include computational control through 
a mixture of planning and tinkering. 

Stage 1: Simple hand-powered automata 
I built the first prototypes using only craft materials – 
mainly paper with glue, tape, and a steel wire or wood 
sticks. As the walkers (the first study) employ a rather 
challenging mechanism, I found that doing the initial 
assembly with a steel wire (which is bendable but rigid) 
helped the trial-and-error process through repetitive 
revisions. In contrast, the second example (the mechanical 
flower) employs a relatively simple mechanism: a 

straightforward vertical movement, so I used rigid wood 
sticks for the initial designs; as the work proceeds to 
subsequent iterations, these can be replaced with any long 
and fixed materials (such as straws). This first stage of 
prototyping enabled me to solidify my understanding of 
basic automata structures. 

 

Figure 4. A steel wire connects each pair of paper legs 
and hand-rotating enables the walking motion (left); 

two wood sticks connected to the sepal and the center of 
petals enables the opening and closing motion (right). 

Stage 2: Locomotion with a motor and exploration of forms 
with more modules 

In order to automate the movements via a motor with gears, 
I needed to enhance the accuracy of the structure and adjust 
the forms so that they could accommodate the attached 
electronic elements. Specifically, motors and gears can 
influence the building at this stage.  Motor sizes, weights, 
required power resources are diverse so I tested different 
motors, gear designs, and structure’ configurations to 
decide suitable configurations. To operate the basic 
mechanism of each structure, the walkers required two pairs 
of legs and the flowers required one pair of petals to form 
each basic structure; but I extended these basic 
mechanisms, exploring the addition of extra petals or pairs 
of legs, and combining the flower and walker into larger 
composite forms.  Figure 5 depicts important moments in 
this second (electronic component) phase of construction. 
 

 

Figure 5. Motors are implemented to automate the 
movements and applied more modules (legs for the 

walkers and petals for the flowers) to enhance the three-
dimensional effect of models. 

Stage 3: Interactive mechatronics with a microcontroller  
Finally, I moved to “computational paper mechatronics”, 
with intermingled mechanical, electrical, and computational 
concepts that augment the realm of papercraft automata. 
This stage included an Arduino microcontroller in the 
constructions to control the walkers and flowers. I began 
with simple interactive scenarios for controlling the paper 
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machines that can lead a far greater range of "narratives", 
which can motivate one’s creative exploration. For 
instance, in one of the walker constructions, two RGB 
LEDs are positioned as “eyes” with a light sensor; the 
overall model was a sort of mechanical “crab”, which 
prefers darkness and thus stops walking in bright light (its 
blue eyes turned red as it responds with alarm to the 
presence of light). Also, in one of the flower constructions, 
an infrared proximity sensor was mounted at the center of 
the petals; this sent signals to respond to the motor (to close 
the petals) when the user's hands near approach the flower. 
The result is a mechanical paper “Venus fly trap”. Figure 6 
illustrates these ideas by showing illustrative moments from 
the third stage of constructions.  

 

Figure 6. Integrating a microcontroller widens the 
design space of constructions from previous stages. 

FUTURE WORK  
I plan to add more design modules with different 
mechanisms so that FoldMecha can help users select 
multiple modules to explore a wide spectrum of their own 
creations. For instance, the preliminary two examples 
(walkers and flowers) can be each module and one can 
create another creature such as a walking flower (See 
Figure 7). At the same time, I plan to conduct workshops 
with novices using the FoldMecha to solidify design 
guidelines as well as to enhance accessibility of the tool. 
Thereby, my ultimate goal is to investigate paper 
mechatronics as a novel design medium that can support 
one’s creative exploration via designing and to provide a 
computational design tool to make it more accessible.  

 

Figure 7. Prototypes (left) and FoldMecha simulation 
sketches (right) to represent the concept of assembling 

multiple modules to build more diverse models. 
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