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Abstract This paper is a study on the digitization of an analog 3D pen. The term digital implies features
such as homeostasis, transformability, combinability, reproducibility, and convenience of storage. One
device that produces a combination of these digital characteristics is a 3D printer, but its industrial use
is limited due to low productivity and limitations with materials and physical characteristics. In
particular, improvements are required to use 3D printers, such as better user accessibility owing to
expertise and skills in modeling software and printers. Complementing this fact is the 3D pen, which is
excellent in portability and ease of use, but has a limitation in that it cannot be digitized. Therefore,
in order to secure a digitalization capability and ease of use, and to secure the safety of printing
materials that pose controversial hazards during the printing process, research problems and alternatives
have been derived by combining food, and digitization was demonstrated with a newly developed 3D
pen. In order to digitize the 3D pen, a sensor in a structured device detects the motion of an analog
3D pen, and this motion is converted into 3D data (X-Y-Z coordinate values) through a spatial analysis
algorithm. To prove this method, the similarity was confirmed by visualization using MeshLab version
1.3.4. It is expected that this food pen can be used in youth education and senior healthcare programs

in the future.
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Fig. 1. Additive Printing Process of 3D Printer(7]
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Table 1. Modeling Software

Maker Program Name Description
NDotCAD E-Dot CAD For elementary.and middle
education
123D For elementary.and middle
education
Autodesk —
3DMAX Game d.laracter, ammaFlon,
entertainment production
3D modeling only,
Rhinoceros Rhino 3D product/industrial design,
jewelry design
Optimized for
PTC, Siemens| Solidworks, high-performance 3D
etc Inventor, Catia modeling & design-only
product design
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Table 3. 3D Coordinate System[11]

Spherical coordinate system

Cartesian coordinate system
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Table 2. The coordinates Implementation Method of 3D Printer[10]

Type

Cartesian: Cartesian coordinate system

Delta: Polar coordinate system

Structure

Moving Method
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Table 4. 3D Food Printer and Food[14,15]

Machine

Printed Product

Foods ink materials

Vocusini Foodini

Table 5. 3D Pen and Use Case[19]

.Sweets: chocolate, candy, gum, fondant,
jelly

.Snack: Potato chips, savory snacks
.Meat: Fetishes and other spreads

.Fruit: Fruit puree/sauce/jelly
.Vegetables: Jellied vegetables

.Dairy products: fresh cream, cheese,
yogurt

Maker Device

Description

Top3D, 3Doodler,
SUNLU, LIX, Creo

, A
i \:\\
<

Touch method

Step-by-step speed control
Operating temperature( 50~210 C)
Filament diameter (1.76mm)

Pop Usage mode (extrusion/hardening/
extrusion&hardening)
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Table 6. The Feature of the Printing device

3D Printer Food Printer 3D Pen
Digitalization Enalbe Enable Disable
Specialty High High Low
Ease of use Bad Bad Good
Material Bad Good Bad
Safety
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Fig. 4. Vector analysis diagram[23]

L=X12+ Y12 + 712 m
X1 =L *sin @) * cos B )
Y1 =1L *sin g ®)
Az = (L * cos @) * cos B 4)

Z1=1- Az ®)

Where, L denotes Length of Z-axle

X1 denotes a value of X-Coordinate
Y1 denotes a value of Y-Coordinate
Z1 denotes a value of Z-Coordinate

@: The angle formed by the X axis

B: angle formed by the Y axis

Az is a z-value changing according to

the movement of the X and Y axes.
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Table 7. The result of its Digitalization with Food pen

Original drawing and visualization for food printing

[7-A] Drawing

[7-B] Visualization before printing

[7-Cl Visualization after printing

Food printing design

Program : MeshLab v1.3.4

Program : MeshLab v1.3.4

Table 8. The Raw Data of the Digitalization

Design Data(X-Y-7)

Sensing Data of Printing

0.0 -8.0 1 -1.400 -50.935 1
1.0 -7.5 1 0.0 -5.5 1 -5.875 -54.935 1 -21.550 64.026 1
2.0 -6.0 1 1.0 -5.0 1 -11.017 -57.896 1 59.846 -47.001 1
3.0 5.6 1 2.0 -4.5 1 -14.526 -61.127 1 14.268 -41.277 1
4.0 -5.0 1 3.0 -3.5 1 -21.695 -62.378 1 11.374 -36.702 1
5.0 -4.0 1 4.0 -2.5 1 -20.439 -61.835 1 19.780 -34.768 1
6.0 -3.0 1 5.0 -1.5 1 -32.747 -68.674 1 26.684 -25.389 1
7.0 -1.5 1 6.0 0.0 1 -36.747 -65.674 1 36.843 -17.927 1
8.0 0.0 1 7.0 2.5 1 -42.412 -62.380 1 37.364 1.741 1
9.0 2.0 1 6.0 5.0 1 -46.790 -50.421 1 33.252 21.253 1
9.0 6.0 1 5.0 5.7 1 -52.122 -43.865 1 22.746 24.486 1
8.0 8.0 1 4.0 6.0 1 -58.122 -38.865 1 24.282 40.140 1
7.0 8.5 1 3.0 6.0 1 -64.935 -24.839 1 18.695 45.139 1
6.0 9.0 1 2.0 5.6 1 -66.935 -8.839 1 12.547 48.396 1
5.0 9.3 1 1.0 4.5 1 -67.935 8.839 1 7.574 51.060 1
4.0 9.0 1 0.0 3.0 1 -68.935 18.839 1 3.474 48.932 1
0.0 3.0 1 0.117 40.459 1
(( Data skip )) (( Data skip ))

% Remark: Raw data needs more than 400 lines, so skipping the middle.
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