Generating Folding Sequences from Crease Patterns of Flat-Foldable Origami
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Figure 1: (a) Example of a step sequence graph containing several possible ways of simplifying the input crease pattern. (b) Results obtained

using the path highlighted in orange from Figure 1(a).

1 Introduction

The most common form to convey origami is through origami dia-
grams, which are step-by-step sequences, composed of figures that
represent the state of the folded paper, in combination with lines
and arrows indicating the position of the folds and the movement of
the paper (Figure 1b). With the development of modern techniques
of origami design, the range of achievable shapes have increased
drastically and the crease pattern (the pattern of creases left on the
paper after folding an origami model) has gained importance as an
efficient method of documenting origami [Lang 2012]. However,
the disadvantage of crease patterns is that it is difficult to use them
to re-create the design, since crease patterns show only where each
crease must be made and not folding instructions.

We introduce a system to create step-by-step diagrams from crease
patterns of flat origami by modeling the origami steps as graph
rewriting steps. Our system provides automatically traditional
origami diagrams notation in order to help people inexperienced in
folding crease patterns as well as automatizing almost completely
the time-consuming task of drawing diagrams.

2 Proposed Method

Our method tries to obtain a folding sequence by reverse engineer-
ing the input crease pattern. We simplify the input by rewriting a
portion of the pattern in order to obtain the previous step. Repeat-
ing this rewriting process should eventually result in the unfolded
square of paper. By reversing the order of the obtained sequence,
we have one folding sequence that can be used to produce origami
diagrams. The rewriting must maintain the resultant crease pattern
flat foldable. We group creases into paths called reflection paths
by using the theorems of local foldability [Bern and Hayes 1996]
so that its removal from the crease pattern would not affect local
flat foldability of any node apart from the two ending nodes of the
path. When a reflection path makes a loop or crosses the origami
from border to border, we call it a complete reflection path, and its
simple removal can produce a valid result (Figure 2a).

If such situation does not occur, more complex rewriting is re-
quired. We cataloged four recurrent types of origami steps that oc-
cur on existing origami diagrams and called them maneuvers. Each
maneuver modifies the pattern of reflection paths in a systematic
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Figure 2: (a) Example of simplification by simple removal of re-
[flection path (highlighted in orange). (b) Example of simplification
by rewriting step (above) using the rewriting rule shown below.

way, allowing them to be modeled as rewriting steps (Figure 2b).
For each maneuver, a rewriting rule is assigned and, in order to un-
fold the model, a matching must be found inside the crease pattern.
For a general state of the origami model, there may be more than
one matched pattern, originating different results and, therefore,
different ways to unfold an origami. All the results are organized
into the step sequence graph, containing different paths between
the unfolded paper and the final form (Figure 1a). By choosing any
path, the user can obtain a folding sequence of his/her choice.

We implemented a GUI that allows navigation through the step se-
quence graph from the square towards the desired origami in an
intuitive way. The chosen sequence can be exported in a vector
graphics format, in addition to simple diagrams symbols, such as
lines and arrows, as shown in Figure 1b. The diagram notation is
obtained automatically, by comparing the positions of vertices and
folds between two consecutive steps. We use the method described
by [Mitani 2007] to calculate the folded form and also, in order to
produce clearer diagrams, introduce some distortions in the draw-
ings by changing vertex positions based on the layer ordering.
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