






be created as if the paper is lying flat, and will be 
transformed to where they belong in the paper’s current 
state.

One must first find the line along which the fold 
is to be made.  Then, new edges along the line must be 
created.  After each new edge is made, another edge must
be added to ensure that all faces are triangles.

The first task in creating a fold is to find an 
equation for the line that intersects the vertices selected 
for the beginning and the end of the fold.  The 
representation of the vertices used are the two 
dimensional coordinates from when the mesh was still a 
flat piece of paper.  An example of a possible current 
configuration of the paper and its original flat orientation 
are shown in Figure 6.

Figure 6: Relationship between the path of a new fold and 
the original mesh

Using the original two dimensional coordinates 
greatly simplifies mapping the line to the mesh and 
determining where new edges must be made.  If the 
current location of the vertices and the mesh were used, 
then the line would have to be projected onto the mesh 
faces to determine where new edges should lie.  This 
would make the simulation less user-friendly, as one 
would have a very difficult time making the straight folds 
that origami requires.

The main disadvantage of mapping the folds 
onto the original flat paper is that it must be possible to 
flatten the paper into two dimensions.  This constrains the 
origami simulation to initially flat paper, as opposed to 
other possibilities that the virtual domain makes possible.  
Someday we might desire virtual origami constructed 
from a hollow sphere of paper instead of a sheet.  Such an 
undertaking would certainly be a radical move.  However, 
for the purposes of this work, we feel that requiring our 
paper to begin flat is a good compromise for now.

After finding the fold-line, we then make new 
edges in the mesh which follow the fold line.  Starting 
from the first vertex, we split faces as we proceed toward 
the final vertex.  Each face has an edge opposite the 
current vertex that could be split to create a new edge 
from the current vertex to some point on the opposite 
edge.  The equation of a line along the opposite edge is 
found and used to find an intersection (see Figure 7).  As 
mentioned earlier, we use the flat coordinates of the edge.  
If the intersection occurs inside the boundaries of the 
edge, the edge will be split, creating a new edge along the 
desired path of the fold.  The new vertex created will 

become the current vertex, and the process will repeat 
until the final vertex is reached.  The results of this 
process are shown in Figure 8.  Sometimes, the fold 
specified by the user will happen along existing edges.  
When this is the case, instead of creating a new edge, the 
existing edge will be traversed and the loop will continue 
with the vertex on the other side of the existing edge.  
Another complicating situation is when the opposite edge 
is to be split near an existing vertex.  In this case the 
existing vertex is simply shifted to where the new vertex 
should be.

Figure 7: Applying the fold line to a face to determine 
where to add a new edge
Figure 8: A new fold is created and additional edges are 

formed as a side effect

In Figure 8 there are many other new edges 
besides those along the new fold. These are added to 
repair faces adjacent to a face that has been split in two to 
create an edge.  In the mesh system used by the discrete 
shells model, all faces must be only three-sided.  Having a 
vertex in the middle of an edge makes the edge become 
two edges, one on either side of the vertex.  After a face is 
split by a new edge, the adjacent face will find itself with 
four edges.  This condition is shown in Figure 9.  In order 
to address this, when a face is split in two, the face that 
shares the split edge will split itself as well in order to 
preserve the mesh.  This remedy is demonstrated in 
Figure 10. This is done during the fold-making process 
immediately after any edge is split.

     
Figure 9: A newly created edge has accidentally formed a 
four-sided face
Figure 10: Another edge is created to split the four-sided 
face into two triangles

2.3 Reference Angle Modification

As the Discrete Shells simulation runs, it uses a 
variable called phisRef, stored in a face, that holds a 
function of the rest-angle to each neighboring face.  A 
primitive way to create folds would be to immediately 
change phisRef to the new desired angle.  This does not 





  
Figure 12: The interface for creating paper folds

Although folds can only be made from vertex to 
vertex, the user might wish to create an endpoint for a 
fold where currently a vertex does not exist.  In this case, 
the user can create new vertices at an arbitrary point on an 
edge.  This is done by selecting the edge at the location 
where a new vertex is desired.  The edge will split, 
creating a new vertex and new edges as shown in Figure 
13.  Details on new vertex creation can be found in the 
section entitled “Adding a New Vertex” in this chapter.  
The additional edges formed after the split are an 
intentional side effect, to prevent four-sided faces from 
forming on either side of the selected edge.  The problems 
of having a four-sided face are covered in the Edge 
Making section and are illustrated in Figure 9 and Figure 
10.  With the new vertex or vertices in place, the fold can 
be made as described earlier.  

Figure 13: Creation of a new vertex in the paper mesh  
Figure 14: Folding diagram of the Origami dog

When the user would like to prevent part of the 
paper from moving, vertices can be fixed in their current 
position.  This can be done by selecting the same vertex 
twice, with the right mouse button.  This causes the vertex 
to change color, indicating that it will no longer move, 
and the rest of the paper will act as if that particular point 
is immobile.  Additional details on holding vertices in 
place can be found in the Vertex Constraint section of this 
chapter.

As discussed above, the origami simulation 
effort mainly concerns tuning the discrete shells 
simulation to make it accept folds gracefully, and finding 
ways to convert the user’s will into corresponding actions 
in the simulation.  Creating new edges along new fold 
lines requires careful consideration of the coordinate 
systems of the paper, the folded paper, and the user’s 
window.  These changes also mandate special attention to 

the connectivity of the mesh and how it must be modified 
to suit the user’s desire.  Now that the inner workings 
have been covered, we are free to move on to the fruit of 
these efforts.

4 RESULTS

The first piece of origami that comes to mind is 
the famous origami crane.  The crane, however, while 
simple for the origami master is quite difficult to model 
due to the necessity of creating multiple folds on top of 
each other.  These multiple folds require collision 
detection and resolution.  Handling paper collisions would 
entail additional computational complexity that would 
slow down the simulation.  Instead, we tested our origami 
simulation on more feasible origami.  This origami
involves less than five folds and attempts to capture the 
spirit and shape of the objects with as little detail as 
possible.  This is similar to drawing techniques in which 
the artist draws as few lines as possible in order to allow 
the viewer’s imagination to fill in the rest.  The simple 
origami figures created are not original, but were inspired 
by the examples found at Jean-Jerome Casalonga’s 
website [10].

Our first example of simple origami is the dog.  
The dog is created in five folds and features a double fold 
in the tail, where two layers of paper are folded in the 
same way.  It also features an inverse reverse fold in the 
head.  An inverse reverse fold is a fold in which a person 
folds a paper in half, spreads the corner, and folds the tip 
of the corner toward the space between the two sides of 
the crease.  The inverse reverse fold is used in making the 
head of the famous paper crane.  Figure 14 above shows 
the folds needed to make the simple origami dog.  In the 
diagram, folds of 170 degrees are shown by yellow lines, 
while folds of -170 degrees are shown by blue lines.

The dog looks quite nice during the simulation 
compared to one folded in real life (see Figure 15).  What 
cannot be shown in the illustrations is how the animation 
of the folding of the dog, when displayed, seems to give 
the dog much more life.  If the dog is folded for someone 
with real paper, they may not recognize the dog 
immediately. If a video of the simulated folding is shown 
instead, the viewer has an easier time identifying the dog.  
In lieu of a video, a slide show of the dog being folded is 
shown in Figure 16.

Figure 15: A simulated Origami dog and a paper Origami 
dog




