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ABSTRACT 
We present FoldMecha, a computational tool to help non-
experts design and build paper mechanical toys. By 
customizing templates a user can experiment with basic 
mechanisms, design their own model, print and cut out a 
folding net to construct the toy. We used the tool to build 
two kinds of paper automata models: walkers and flowers. 
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INTRODUCTION AND RELATED WORK 
Papercraft invites a diverse range of people to investigate 
art, craft and mechanics through hands-on making in varied 
forms. One example is a paper mechanical automaton toy–a 
field that itself has a long history [3]. Whereas many earlier 
automata models are associated with the history of 
clockwork and timepieces, contemporary models tend to be 
employed as a kinetic art medium (e.g. Cabaret Mechanical 
Theatre: http://www.cabaret.co.uk) or a playful learning 
medium. Because building a moving craft artifact 
encourages the acquisition of skills in mechanical 
construction, handcraft, and storytelling, it has been used as 
a popular educational medium for children. Rob Ives 
(http://www.robives.com) books and website invite 
educators and children to download printed kits, for 
example, the “Flying Pig”.  

To efficiently design a paper automaton model, one must 
understand fundamental structures whereby mechanisms 
and physical forms combine to generate a movement. Here, 
inspired by Theo Jansen’s Strandbeest 
(http://www.strandbeest.com/) and Matthew Gardiner’s 

Oribotics (http://www.oribotics.net/), we set out to make 
paper walkers and flowers–a linkage-based walking 
mechanism and an opening and closing mechanism. A 
mechanical linkage is an assembly of connected bodies to 
manage movement. Within linkage-based mechanisms, we 
wanted to experiment with changing the dimensions and 
proportions of mechanisms, but we found that each 
variation required a tedious process of trial-and-error. 
Therefore we built a parametrized simulator to visualize 
designs and their behavior.  

Computational tools to unfold virtual modeling to assist 
building physical papercraft [2, 5] and designing and 
fabricating mechanical characters have been built. In [6] 
users design automata by selecting from a parameterized set 
of mechanisms. In [1] users design and fabricate 
mechanical characters based on a motion library to identify 
appropriate mechanisms. ChaCra [4] supports rapid crafting 
of planar mechanical characters. We likewise support 
designing and building animatronics but focus on modeling 
part not mechanism. 

Our system, FoldMecha, helps novice designers experiment 
with diverse forms, design their own models, and construct 
the physical prototype through the system-generated folding 
net (see Figure 1). We describe our use of this tool in 
building a paper walker and a paper flower.  
 

 
Figure 1. Simulation of the mechanical structures in 

FoldMecha (left) and paper prototypes via the folding nets 
generated by the system (right) 
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FOLDMECHA: COMPUTATIONAL DESIGN SYSTEM FOR 
LINKAGE-BASED PAPER AUTOMATA  
Figure 2 shows sequential screen snapshots of FoldMecha 
simulating the opening and closing of a paper flower. Along 
with animating mechanisms integrated with forms, 
FoldMecha supports additional functions for 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, selecting 
colors, adding models, etc.—support users customizing the 
“look and feel” of a variety of forms within the working 
structure.  

Simplified prototyping with paper strips 
We 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 design.  

FUTURE WORK 
We plan to add other models for users to create and build a 
wide spectrum of mechanical toys.  With FoldMecha we 
aim to lower the entry bar and to extend the design space of 
paper craft automata. 
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Figure 2.  Sequential screen snapshots of FoldMecha:  a user can design a model with the simulation and select a mechanism to 
apply (left), then download the folding net as a PDF format to print, cut, and build the paper model (right). 
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