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Abstract. The creation of 3D paper unfolded models with complex geometry requires precision in
the design process. Achieving this is through the use of accessible resources and modern
technological means which possess the necessary technical and functional capabilities. The
successful realization of the models is through the use of a structured methodology containing
design stages that are defined in the exact sequence. The present study aims to create the
unfoldings of complex three-dimensional models by covering the stages of providing accessible
resurses with a personal and commercial license that are transformed in sequence until the ready-
made variants.
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1 Introduction

Blender software automates the realization of tifeldings of three-dimensional polygonal mesh
models (Cankova K., Dovramadjiev T. and Jecheva2@l7). In order to do this, it is necessary to
have certain conditions such as: a properly stradtumesh of the three-dimensional model, the
geometric element and the number of polygons. Thesditions are interrelated and are subject to
research in this article. With the implementatioh several sample models with complex 3D
geometry, it will be possible to gain a deep un@deding of the process of creating unfolding of the
sample patterns. For the making of the samplesgtaadology has been used that is optimized in a
way that allows designers to have all availabl®wueses and technical criteria for the realization o
triple polygonal mesh model unfolds, which are oftsed to make real paper models for the needs of
art design (Molina, i-link visited 2018), sculptuagchitecture(Xian-Ying, Chao-Hui, Shi-Sheng, Tao
& Shi-Min, 2010), jewellery (Halbrook, i-link vis#d 2018), etc.

Different techniques and resources are used iréisggn process. Referring to specific patterns
such as symbols, letters, ornaments, figures oplpeanimals, buildings, vehicles, etc., it is ago
opportunity to use ready-made vector models. Sesburce i$ttp: //mwww.fontspace.conv, where free
fonts are available with a personal and / or consraklicense. Some specific fonts have ready-made
vector images that can be directly used in 3D geégmmodelling, while respecting a particular
process path of transformation from the vector ientagthe raster and vector again in order to create
model footprint. If a raster image obtained fronotlier resource is used, it is converted directhynfr
a raster to a vector (Sonal D. B., Jadhav P. M1620The saved (scalable) file in Scalable Vector
Graphics (*.svg) is then extruded and used in tloegss a Boolean operation that builds the finished
three-dimensional geometry of the final model. Tégulting three-dimensional model is completely
ready, and an automated process (using the Blewtdkon Export: Paper Model) creates a unfolding
that is saved in * .pdf file format (Balbio V., Ranskiy M., Topi T., Meta-Androcto, i-link visited
2018).

This study examines in detail the features of teedusoftware products (Alecu F., 2010,
Blender software, i-link visited 2018, Chronister 2009 & 2011, Chopine A., 2011, Inkscape
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software, i-link visited 2018, Dovramadjiev T., Z)1Wickes, 2009; Prahov, 2009), their specific
functional qualities and the right approach for greduction of unfoldings of three-dimensional
models for making them from paper.

2 Materialsand Methods
Given the many features accompanying the developroérunfoldings of 3D models with
complex geometry, the construction of an optimathodology is a necessity.

In Fig. 1, there is shown a method for creatinrad-dimensional pattern unfolding comprising
the following steps:

1. Providing vector and / or raster resource of sysibldtters, ornaments, figures of people,
animals, buildings, vehicles, etc..

2. Creating a vector footprint (negative image of ithage) by tracing the image in the Inkscape
open-source special software.

3. Importing the svg (Scalable Vector Graphics) fitkoi a Blender environment (open-sourse
software running on polygonal mesh models).

Extrusion of the vector into a volumetric body.
Using Boolean operations to create (cast) theHeds3D model.

6. Automated creation of unfolds.

Vector or Raster resource Vectorise (I nkscape soft.) *.svg (Scalable Vector
E:> ':> Graphics (Inkscape

soft)
Extrude Auto Boolean Ready maodel of unfold *.pdf (Portable
(Blender soft) T—> (Blender soft) T— Document File (Format))

Fig. 1. Method to create infoldings of complex three-dimenal models.

The efficient use of the methodology is appliedhia development of an exemplary vector
model - an ornament that is provided throbttp://www.fontspace.conv. The resource has a free and
personal and commercial license (Fig. 2).
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Fig. 2. Providng the resource (“P” key). WWFloral Cornentfdicensed as: Freeware
Personal Use & Commercial Usstp://www.fontspace.comywindwal ker 64/wwfloral corner.

The font "WWFloralCorner.ttf" (WWFloralCorner foni3 installed in the "Fonts" folder of
OS Windows and opens in the open-source Inkscapénit® background needed to create the print is
added to the vector ornament. The model is captiwresh image. Creating a vector footprint of the
resulting image using Path> Trace Bitmap (Shiftlt-+AB). In the "Trace Bitmap" window is marked
"Invert image", and it is desirable to use "LiveRew" (Fig 3).

8
g
g B
E
[

E

ey [ E
1 [

<[

- ~ <F

FEC B0 O3F

SEo e

®

1
= 0P El @ w3\

D0 o ® 2 stayer1 | % Path 101 podes i layer Layer 1, Click selection to toggle scale/ otation handles “j‘; ;‘i 2 3% B

Fig. 3. Trace Bitmap (Inkscape software).

Scalable Vector Graphics file-ornament is imporietb Blender software via "File">
"Import" (Fig. 4). The resulting object is rotatguhsitioned and extruded at 0.15m (Fig. 5)
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Fig. 5. The object: rotated, positioned and extruded &r@.1

Using Add> Mesh> Cube, a new 3D object is creatpdmitive cube. It is transformed and
positioned in the middle area of the casting mélidj.(6). The two objects are sequentially selected
for the imported object and the "cube" and the Baol operation is performed Brush Boolean /
Difference (Fig. 7; Bool Tool Addon - Author(s) Wit Balbio, Mikhail Rachinskiy, Tynka Topi,
Meta-Androcto).
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Fig. 7. The resulting shape of the pattern - ornamentiotig a Boolean operation.

Upon receipt of the form, it goes to the constarcif the polygonal mesh through the Object
> Convert to (Alt C) > Mesh from Curve/Meta/SurfkiéFig. 8).
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Fig. 8. The resulting ready three-dimensional pattern aorent. In Edit Mode, the model's mesh structure is
polygonally displayed.

3 Reaults

Using the Blender Addon: Export Paper Model, thdolding of the model-ornament is
automatically made. The result is shown in Figap (n Fig. 9 (b) and (c) there are other complex
models shown that are made using the same metlgydolo

1

[2] Island 2

[1] Island 1 [2] Island 2 [1] Island 1 ' [2) Island 2 ) [1] Island 1

Fig. 9. The resulting unfolding (a) ornament - sample model (b) pegasus: WWFantasy font
http://mww.fantspace.cam/windwalker64/mwitantasy(c) cat:. Cats s Do LT g, ..
http: //mwww.fontspace.com/ladytimel ess/cats-vs-dogs-It
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4 Conclusion

In the present study, a model of a three-dimensipolggon mesh object was made using a
newly developed methodology, providing the necgssanditions for successful realization. The here
shown results of the made unfolds and other magighscomplex geometry characterize the defined
technological path as a fully functional. Basedtlois, as well as the availability of the free lisen
and open-source technology tools, it is concludhed the constructed methodology provides suitable
conditions for the realization of paper models byoaating the process. This leads to an increase in
the accuracy and quality of the obtained models.
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