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1. Introduction

The process of transforming flat materials into 3D shapes is a common manufacturing
procedure, often used in packaging, prop creation, decoration, and entertainment. A
representative example of this is Papercraft, which is a traditional art form.

For the design problem, we typically consider the reverse problem: unfolding a 3D
model into flat sections. Computer graphics technology is commonly used to assist
in this process by unfolding the user—input model to the 2D plane. However, not all
models are suitable for unfolding. This requires the user to have knowledge of
modeling to be able to simplify and optimize the model to make it suitable for
unfolding, which can be difficult.

Models that can be fabricated are often formed by piecing together a set of
developable surfaces. Recent mainstream methods approximate the input model as
developable surfaces, which is known as piecewise developable approximation. However,
many of these methods do not consider design principles in their process and lack
the ability to adequately represent model features.

Thus, this research aims to develop a method that can extract the main features of
an input model, reconstruct the model based on these features, and integrate certain
design principles as constraints into this process, making the results more suitable

for design use.

2. Method

We consider a relatively concise form of shape representation: the wireframe. A
3D model’s wireframe is its outer contour, much like a sketch or a skeleton,
outlining the original model’ s shape with relatively simple lines. We first extract

the model’ s wireframe and then reconstruct the surface based on it to generate a

simplified model that emphasizes feature representation. The process is as follows:

1) First, we extract the crest lines (feature curves) from the model surfacel[ll],
which are the geometric features of the model.

2) The first step often extracts many insignificant features, so we apply three
filters—based on length, curvature, and fitting error to obtain a model that
only retains significant features (Fig. la).

3) Extension starts from the endpoints of curves. First, we identify the endpoint
Py, which may not lie on the mesh, and project it to the nearest mesh vertex V,
and its l-ring neighbors are the optional directions (Fig. 2a). Then we evaluate
costs and select the optimal V, as the candidate direction (Fig. 2b) and push

it into a priority queue, the candidate directions of all endpoints will be
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maintained in the priority queue. The cost includes the angle of extension and
the magnitude and direction of curvature, so that the extended curve is smooth
and remains in the feature-significant area. When dequeued, extend by connecting
(Vo, V1), and treat V, as the new endpoint PO (Fig. 2c). Extensions are iteratively
performed until closure is achieved to form a wireframe (Fig. 1b).

4) Finally, the simplified wireframe is used to reconstruct the surface through

triangulation[2] (Fig. lc).

(a)

Fig. 1: (a) The main features detected on the surface. (b) The wireframe model. (c)

Triangulation result.
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Fig. 2: An example of one extension step.

3. Conclusion and Future Work

In this research, we developed a feature—based model reconstruction method to make
input models suitable for papercraft design. In the future, we plan to incorporate
more design principles and provide user interaction to further enhance the quality

of the design.
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1 Overview

This research develops digital parametric tools for 3D origami—-based architectural
elements that enable users to change the geometric features of the designed shapes
and explore other design options. The first project is about the One-Fold digital
module, which is originally made by Patkau Architects {1}, allowing users to create
architectural shelters from a single folded plane. The next research project is the
parametric design of David Huffman’s elliptical fold structures, with the ability
to change the size, fold angle, and rotation. The methodology of this research is
to apply quad mesh geometry by using a similar approach to the additive algorithm
technique. Our final project is to recreate a physical model of the One-Fold project
with a different material and compare the physical and digital models using 3D
scanning, Elastica curve evaluation, and RMSE surface error analysis. The goal of
our research is to bring curved-crease origami designs into CAD settings for

architectural usage.

2 Methodology

Our research started by making a geometric design tool for One-Fold, a type of
curved origami that consists of only a single fold inside the structure (see Figure
1(a)). We used a custom parametric system to create a digital model of a 3D origami
shape consisting of a single fold. This system lets users easily change and modify
geometric features of folded shapes, including the size, length, fold angle, and
apex movement through various input options {2}. In the second study, we reviewed
David Hufman’ s Design with ellipses, which is a classic example of curved—crease
origami (see Figure 1(b)). By studying related journal papers that examined the
fabrication of a physical model of the mentioned ellipse {3}, we suggested a
parametrized method for redesigning this shape with various geometric parameters to
be changed by the users in the folded and unfolded state in the Grasshopper
Environment, using a similar approach to the additive algorithm method {4}

The third and current stage of this research involves evaluating the translation of
digital origami forms into physical models. A prototype was fabricated to test the
structural feasibility and geometric accuracy of a digitally designed One—Fold-based

surface. Using 3D scanning and Root Mean Square Error (RMSE) calculations via Cloud-
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Compare software, we compared the digital model to its physical counterpart. The
analysis confirmed a close correspondence between the two, validating the digital
model’ s predictive capability. Moreover, the curvature of the structural framework
made of flexible rods was observed to align with the principles of Elastica Curves,

which define the equilibrium states of elastic materials (see Figure 1(c)).

3 Conclusion

This study integrates the outcomes of these three studies to offer a comprehensive
approach to origami-based architectural geometry from algorithmic design and
mathematical modeling to physical prototyping and evaluation. The results
demonstrate not only the feasibility of folding-based design systems but also their

potential for real-world architectural applications.
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Figure 1. (a). Render of the One-Fold digital model, (b). Render of Huffman’ s
ellipse digital model, (c). Render of Elastica Curves generated by the related
Grasshopper

script.
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