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1. Introduction

1.1 Background

The Army Research Lab seeks scalable, low-cost solutions for recreating
real-world objects using affordable materials. Unbox3D addresses this need
by simplifying 3D models and converting them into 2D unfolded
representations that can be exported as files compatible with laser cutters.
The resulting panels can then be cut from inexpensive materials such as
cardboard and reassembled into physical replicas for simulation or display
purposes.

1.2 Motivation and Design Principles

Unbox3D was designed to be as cost-effective as possible by enabling users to
transform their 3D models without relying on expensive software tools or
requiring high-level expertise in those tools. This makes the system more
accessible to a broader range of users, including those in field environments.
Our design focuses on usability, portability, and practicality. The application
integrates 3D model simplification, surface unfolding, and SVG export into a
seamless workflow. By focusing on modularity and a clean MVVM
architecture, the project ensures maintainability and extensibility for future
enhancements.

1.3 Project Achievements

A complete pipeline was successfully built that allows users to import 3D
models, simplify their geometry, unfold them into 2D surfaces, and export the
results for physical fabrication. One full-scale vehicle replica (Big Bird) was
successfully laser-cut and assembled using the system. While some manual
edits were required, this validated the viability of the export process.



2. Related Works and Technologies

While existing tools such as Pepakura and Blender provide methods for
unfolding 3D models into 2D nets, they often lack integration with modern
frameworks or are not designed with field usability in mind. Unbox3D
improves on these solutions by combining automated simplification, scalable
SVG export, and laser-cutter compatibility into a single application. The
project utilizes libraries like OpenTK, Assimp, and Geometry3Sharp for model
handling, along with the Blender API for UV unwrapping.

Python was used for scripting automation steps, and C#/.NET formed the core
application framework. The project structure allows future developers to add
advanced features such as shading, interactive instructions, or web-based
deployment.



3. System Architecture

3.1 Overview

The Unbox3D system is composed of a modular pipeline that operates
through the following stages: Importing a 3D model, simplifying it using
geometric techniques, unfolding the simplified model, and finally exporting
the 2D representations as SVGs. The architecture is designed using MVVM
principles, ensuring separation of concerns and allowing easy updates to
either Ul or business logic.

3.2 Data Flow and Pipeline

1. Import: Models in .obj format are parsed using the Assimp library,
extracting vertices, normals, indices, and materials.

2. Simplify: The system applies one of several simplification methods such as
bounding box conversion, mesh replacement, or small mesh thresholding.

3. Unfold: A Blender API integration handles UV unwrapping, initiated via the
command line and managed by the C# frontend.

4. Export: The SVG export process is handled by the ModelExporter module,
which generates SVGs suitable for laser cutting. An in-app SVG Editor is
included for final adjustments.

3.3 Implementation Details

The application is developed in C# using .NET Framework 8.0. Core rendering
and interaction are supported by OpenTK and Geometry3Sharp. The Blender
APl is invoked for unwrapping and converting the 3D mesh into flat panels.
The export workflow also includes labeling functionality and optional scaling
for 1:1 fabrication. Unit tests were written using XUnit and Moq to ensure
component-level stability.



4, Results and Conclusions

4.1 Results

Unbox3D successfully delivered a working pipeline from 3D model to 2D
laser-compatible SVG. The system was used to fabricate a full-scale cardboard
version of a military vehicle model, Big Bird. While some manual intervention
was needed to fix SVG path widths, the test confirmed the pipeline's
effectiveness. Users were able to interact with simplified models and export
them into formats compatible with the Fusion M2 40 laser cutter.

4.2 Setbacks and Future Work

Some core features remain incomplete. These include shader enhancements,
embedding metadata on each face for automatic labeling, and providing
assembly instructions based on face IDs. The current Ul should also be
worked on to allow a more user-friendly experience.

Future work should focus on:

- Automating laser-compatible SVG metadata

- Improving reassembly guidance with labeled folds and faces
- Enhancing model shading and visual clarity

- Strengthening unit testing coverage

- Adding structural support generation for large assemblies

- Expanding deployment for broader military and public use
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