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Objectives:
�Ã Create an XML tag system that holds all useful data for Programmable 
Matter and the folding sequence without redudant data
�Ã Create a Graphical User Interface(GUI) to allow anyone to create a 
crease pattern or schematic for a programmable matter
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�Ã Edit PhysX Simulator to work in tandom with folding sequences read 
from our XML tag system
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by others

Abstract
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facilitate and help the design and simulation process of programmable matter.  We decided to use a 
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product.  In the end  we have created a piece of software that allows the user to plan out and see in real 
time the simulation of programmable Matter.  While this is far from the perfect Origami simulator, the editor 
can still simulate many simple origami forms making it a great teaching tool.  

Challenges of a Origami Simulator:
�Ã We think of paper as a 2D plane, it actually has depth that can affect 
how an origami model holds together.  
�Ã Paper is not ridig body.  It is actually more similar to cloth and since we 
are only using rigid bodies in PhysX to approximate the paper, only some 
origami can be made in the simulator.  
�Ã Paper is an odd medium that holds the memory of previous folds in the 
form of creases which is hard to replicate.  
�Ã Finding the best or natural way to fold a paper given a sequence and 
position of folds is algorithmically hard

Data Structures:

Programmable Matter GUI Screenshots:

�Ã I had no idea what type of methods and functions I would require for 
the GUI editor.  
�Ã Therefore I used a brute force structure that has each actor contains a 
list of triangles, each triangle contains three pointers to edges, each 
edge contains pointers to two vertices, and each vertex contains its 
location.  
�Ã These objects and more can either fall under two types of interfaces:The 
first is for anything that is drawn in the OpenGL window and the second is 
for any thing that is selectable by clicking on the OpenGL window.  
�Ã For example, there is a Widget class which represents the tool that pops 
up when something is selected.  Since it is drawn in OpenGL, it falls in the 
drawable interface.  On the other hand it does not fall into the 
selectable interface since you cannot select it.  
�Ã There are two over arching classes in the program. One that contains all 
data and has methods to edit that data and another that contains all 
OpenGL information and general interface.  
�Ã The data class contains a list of actors in order to access the 
information.  
�Ã When the Simulator is run, the objects from the data class is converted 
into PhysX data and then the PhysX simulation is run.  PhysX has a similar 
data structure setup as my editor.  

Algorithm Runtimes:
�Ã Since I am using a brute force data structure, this increases the runtime 
of many operations such as marque selection, copy and paste, opening, 
saving, creating lattices, and others.  
�Ã The number of vertices and edges are always the same for a triangle; 
which reduces the runtime of several operations because these numbers 
are constant. 
�Ã Methods such as marque selection, copy and paste, creating lattices 
and a few others runs in O(n 2���������$�O�W�K�R�X�J�K���R�W�K�H�U���P�H�W�K�R�G�V���V�X�F�K���D�V���H�G�J�H��
splitting, vertex adding, removing and merging run in O(n) or better. This is 
where n is the number of triangles.    

Integrating the PhysX Simulator:
�Ã PhysX runs separately from the GUI Editor even though they appear in 
the same window.   
�Ã While PhysX has a similar data structure, it does not keep track of 
objects in the simulator once the simulator is in motion, which makes it 
difficult to find folds again for multistep folding.
�Ã We decided to keep the gravity in the Simulator since in real life, the 
actual programmable matter will have to fight gravity to fold.  
�Ã The editor converts the actors and triangles into PhysX data when the 
simulator is activated.  Once the data has been converted, the program 
changes the OpenGL window into another window which renders the 
PhysX data.  
�Ã The user can select joints inbetween actors and set up fold angles in a 
sequence to make them fold in the simulator
�Ã When the simulator is unpaused it uses spring joints to create a moment 
at the joint which makes the actors rotate.
�Ã Collision detection is maintained between all actors in order to prevent 
the user from selecting an angle that would send paper through other 
paper.  

Future Work:

Programmable Matter Simulator Screenshots:

�Ã Getting the perfect simulator is an on going process that can always be 
perfected.
�Ã In order to create a more user friendly program I would like to redesign 
the entire interface and methods for drawing the programmable matter.
�Ã I would also like to better integrate my data structures into the PhysX 
data structures so that the conversion step is not necessary
�Ã With better knowledge of what methods are required, I can now use a 
more effient data structure for keeping my data such as the Half-Edge 
structure.
�Ã Programmable Matter is also very much the creation of the hardware to 
go along with the design software.  We are exploring several avenues of 
how to build this matter physically and each idea will definitely influence 
the design of the simulator in the future.  
�Ã Once the Programmable Matter has been better established I would 
like to move onto non-rigid body simulation in order to get a better 
approximation of how paper moves and how creases are made into the 
paper.  

PMML and CMML:
�Ã XML was used to create a files that would hold the Programmable 
Matter data and folding sequences
�Ã XML was choosen because of its ease of use and there already exists 
XML parsers in C++.  
�Ã It was decided early on to separate the physical matter data from the 
folding sequence inorder to have multiple 
�Ã PMML (Programmable Matter Markup Language) contains a set of ridig 
bodies, their vertex coordinates in space, and the location, spring, and 
damping constants of the spring joints that connect two ridig bodies.  
�Ã CMML (Controllable Matter Markup Language) contains the list of each 
desired fold angle for every joint in the sequence they are to be run.  
�Ã PMML and CMML are associated to one another through their titles.  

Structures of Programmable Matter Editor
Actor

�$���U�L�G�L�J���E�R�G�\���W�K�D�W���L�V��
moved during rotation

Triangle
Triangles make up 

actors to make any shape

Edge or Joint
�$���M�R�L�Q�W���H�G�J�H���L�V���D�Q���D�F�F�X�U�D�W�H�G���H�G�J�H��
inwhich two actors rotate around

Vertex
Each triangle contains three

vertices that places it in space

<!--> PMML Format Version 0.3 <!-->
<PMML>
 <Title>preliminary</Title>
�� ���$�F�W�R�U�!
  <ID>0</ID>
  <Triangle> -0 0 -2 2 -0 2 </Triangle>
  <Triangle> -0 0 -2 0 -2 2 </Triangle>
�� �����$�F�W�R�U�!
�� ���$�F�W�R�U�!
  <ID>1</ID>
  <Triangle> 2 -0 -0 0 2 -2 </Triangle>
  <Triangle> 2 -2 -0 0 -0 -2 </Triangle>
�� �����$�F�W�R�U�!
�� ���$�F�W�R�U�!
  <ID>2</ID>
  <Triangle> 2 2 -0 0 2 -0 </Triangle>
�� �����$�F�W�R�U�!
�� ���$�F�W�R�U�!
  <ID>3</ID>
  <Triangle> -0 0 -0 2 2 2 </Triangle>
�� �����$�F�W�R�U�!
�� ���$�F�W�R�U�!

  <Triangle> -0 0 -0 2 2 2 </Triangle>
�� �����$�F�W�R�U�!
�� ���$�F�W�R�U�!
  <ID>4</ID>
  <Triangle> -2 -2 -2 0 -0 0 </Triangle>
�� �����$�F�W�R�U�!
�� ���$�F�W�R�U�!
  <ID>5</ID>
  <Triangle> -0 -2 -0 0 -2 -2 </Triangle>
�� �����$�F�W�R�U�!

 <Joint>
  <ID> 0 </ID>
  <Coords> -0 2 -0 0 </Coords>
�� �� ���$�F�W�R�U�,�'�V�!���������������$�F�W�R�U�,�'�V�!
  <SpringConst> 10 </SpringConst>
  <DampingConst> 3 </DampingConst>
 </Joint>
 <Joint>
  <ID> 1 </ID>
  <Coords> 2 2 -0 0 </Coords>
�� �� ���$�F�W�R�U�,�'�V�!���������������$�F�W�R�U�,�'�V�!

<!--> CMML Format Version 0.2 <!-->
<CMML>
 <Title>preliminary</Title>
 <Fold>
  <EventNumber> 0 
</EventNumber>
  <ID> 0 </ID>
�� �� ���)�R�O�G�$�Q�J�O�H�!�����������������)�R�O�G�$�Q�J�O�H�!
  <ID> 1 </ID>
�� �� ���)�R�O�G�$�Q�J�O�H�!���������������)�R�O�G�$�Q�J�O�H�!
  <ID> 2 </ID>
�� �� ���)�R�O�G�$�Q�J�O�H�!�����������������)�R�O�G�$�Q�J�O�H�!
  <ID> 3 </ID>
�� �� ���)�R�O�G�$�Q�J�O�H�!�����������������)�R�O�G�$�Q�J�O�H�!
  <ID> 4 </ID>
�� �� ���)�R�O�G�$�Q�J�O�H�!���������������)�R�O�G�$�Q�J�O�H�!
  <ID> 5 </ID>
�� �� ���)�R�O�G�$�Q�J�O�H�!�����������������)�R�O�G�$�Q�J�O�H�!
 </Fold>
</CMML>

PMML Example Code PMML Example Code


