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Abstract

This paper presents a technique for embedding information
into a 3D object. The technique can rewrite the information non-
destructively. Information can be rewritten into the object using
magnetization and demagnetization from the outside of the
fabricated object. We are studying the factors that can make more
clear readability and effective rewritability in embedding data into
3D objects. One factor is the amount of magnetic filament that we
use for representing the information in each position. We found that
the strength of the magnetic field varies in accordance with the
amount of filament. In this way, we can control the size, frequency,
and capacity of future embedded information.

Keywords: 4D printing, Rewriteable information, 3D printing,
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Introduction

The idea of embedding, hiding, and attaching information into
an object [1] has been used for many purposes. Examples include
copyright protection [2], personal authentication or identifying
individual things [3], data transferring [4], and near communication
[5]. In addition, an increasing number of studies have applied this
topic in the field of 3D printing [6].

We have successfully embedded information into objects
during 3D printing [7-11]. Our idea can be beneficial to copyright
protection, identifying personal or individual objects, etc. These
kinds of work can show the specifications or prove the originality of
objects, ensuring they do not need to be changed anymore. Hence,
it creates permanent embedding.

However, many objects require changing data non-
destructively after printing, for example, magnetic and integrated
circuit (IC) cards, near field communication (NFC) cards, radio
frequency identification (RFID) tags, and other kinds of small data
storage. Although we can apply 3D printing in production systems,
the post-process still needs embedding in some metal materials,
small antennas, or electronic devices, attached to the 3D objects.
Finishing everything during the printing would be ideal. That would
eliminate the need for post-processing, thereby saving money and
reducing the number of complicated steps in the production process.
In addition, it could increase the value of products and be hugely
beneficial, furthering the revolution in information technology for
consumer households, businesses, and factories in such areas as the
Internet of Things (IoT), media, and near communication. In the
future, everyone should be able to create objects easily using 3D
printing and to change the embedded data inside them non-
destructively whenever and wherever desired.

We proposed a technique for recording and rewriting
information on an object completely using 3D printing in 2019[12].
In that paper, we showed the feasibility of our technique but did not
mention any characteristics affecting the results.
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Hence, this paper focuses on the strength of magnetic power in
3D objects. We found the relationship between the amount of the
magnetic filament, which is the ferromagnetic filament used to
embed information codes, and the strength of the magnetic fields
that form when we measure the surface of a 3D object. This paper
presents the following topics. First, we explain the principle of our
technique to embed and rewrite information on a 3D object using
magnetization and demagnetization through the magnetic filament
on the surface of the 3D object. Next, we present an experiment that
demonstrates the effect when we vary the amount of magnetic
filament for printing. Then, the results are discussed, and some
conclusions on the relationships are presented.

Embedding and Rewriting Information into 3D

Objects using Ferromagnetic Filament

Our technique starts with designing a 3D model using a
computer with computer-aided design (CAD) software. During
model creation, the data strip is embedded inside the object, as
shown in Fig. 1. Then, the data tag is hidden inside the object while
this object is created by a dual-nozzle 3D printer. When we need to
add some information into this 3D object, we apply a strong magnet,
affecting the data strip area. Then, the data is written. For the
rewriting process, we have to demagnetize the data tag first, clearing
all of the information. Then, we magnetize the new data on the data
strip. Our data tag now keeps the new information. The process of
creating 3D objects that can have information rewritten on them
after printing is presented in Fig. 1.
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Figure 1. Principle of our technique for recording rewritable information
on a 3D object.
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Ferromagnetic material is important for our technique to enable
a 3D object to have rewritable information. In our previous study
[12], we tested the feasibility of printing a ferromagnetic filament
on a 3D object. We found that the ferromagnetic filament can
maintain the magnetic fields far beyond the period after which we
use the strong magnet. Moreover, it can be demagnetized many
times to eliminate the magnetic fields and can be magnetized again
to give the object new ones, for example, with different polarity.
However, we have not yet tested the conditions of recording
information, such as the factors that affect the strength of the
magnetic fields, how long they can keep the data record, what the
maximum capacity is that they can maintain, and how we can
control future information recording effectively in a 3D object.

This paper shows how we started to test two important factors
affecting the information recording: the amount of ferromagnetic
filament and the effect of the magnetic strength on the 3D object
after magnetization. The details of the experiment are described in
the next section.

Experiment: Effect of Volume of Magnetic Filament
on the Strength of Magnetic Field in Each Position

We designed three sample models using CAD software—
Autodesk Fusion 360. These included different sizes of data strips
and different amounts of ferromagnetic filament per data strip at
each position. We set the volume of the data strips to 8, 32, and 64
mm3 for each sample. The designed and real models after printing
of each sample are shown in Fig. 2, 3, and 4. Darker colors in the
data strips show deeper ferromagnetic filament print layers. Notice
that all the data strips in the same sample object had the same
volume as the ferromagnetic filament. The ferromagnetic filament
was black because it was composed of iron oxide (Fe304) 25%. All
samples were printed using a Mutoh 3D MagiX MF-2200, a dual
extrusion 3D printer. One nozzle printed the ferromagnetic filament
as a data strip, embedding it on the 3D objects, and the other one
printed with polylactic acid (PLA) on the body of the objects. We
designed each data strip far from each other, > 5 mm, to prevent the
adjacent magnetic field from being degraded around other data
strips during magnetization.

The process of writing data is illustrated in Fig. 5. It is based
on magnetizing (writing data = recording the magnetic fields) and
demagnetizing (deleting data = eliminating all of the magnetic
fields). We used a CMS magnetics strong N45 neodynium magnet
with a size of 60x10%3 mm (silver) for magnetizing. The magnet
(magnetic field > 500 G) was placed on the surface of a 3D object
in the data strip area. The north and south poles of the magnet were
the opposite side (the north was the upper side, and the south was
the lower side, respectively). The contact surface of the magnet on
an object was 10x3 mm, mostly covering the area of the data strips.
We placed it there for 3 sec. Then, we measured the magnetic fields
remaining on the surface of the 3D object using a magnetic meter,
Lutron MG-3003SD AC/DC. It read data from the data strips. When
we needed to change the magnetic fields on the object, we used the
magnet again. However, we had to demagnetize it first by
eliminating the entirety of each magnetic field. We placed the object
on a demagnetizer (Hozan HC-31-100) for 3 sec, and then we
measured the magnetic fields on the object’s surface again to ensure
that the fields were 0 G. After that, we created the new fields again
using the magnet. Of note in our previous study is that the polarity
of the magnetic fields on the magnet and on the surface of the object
differed and decreased as much as 1000 times (with a data strip of
2x2x2 mm). For example, if we used a strong magnetic field of 2000
Gauss (G) on the south pole, the magnetic field that formed on the
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Figure 2. Designed and real models after printing (right) and amount of
ferromagnetic filament printing of 8 m® at different sizes.
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Figure 3. Designed and real models after printing (right) and amount of
ferromagnetic filament printing of 32 m® at different sizes.

Figure 4. Designed and real models after printing (right) and amount of
ferromagnetic filament printing of 64 m® at different sizes.
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3D-object surface was 2 G. on the north pole. Hence, we could
control the data in this situation.
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The expected magnetic fields of our magnet are shown in Fig.
6a. The average of the magnet’s magnetic fields was 2375 G. The
results of the magnetic fields on the surface of each data strip are
shown in the next section.
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Figure 5. Process of magnetization (writing data), measuring magnetic
field (reading data), demagnetization (deleting data), and re-magnetization
(rewriting data).

Results and Discussion

We measured the magnetic fields remaining on the data strips
(a magnetic meter read data), from the surface of the 3D object. The
results are shown in Fig. 6b. These results yielded some interesting
factors, ones that will improve the quality and capacity of recorded
data using our technique in the future. We herein discuss each point.

Magnetic polar

The results demonstrated that the magnetic fields in the object
after magnetization were opposite to the polarity of the strong
magnet that we used. Hence, we could control the polarity (types of
information) directly using the magnet.

Strength of magnetic fields

In the same sample that had the same amount of ferromagnetic
filament (we controlled it by keeping the same volume), we noticed
that the magnetic strength (Gauss: G) of every stripe was
approximately the same, while the sizes and shapes of the strips
were completely different (see the designs in Fig. 2, 3, 4).

When we analyzed each sample, the magnetic fields depended
on the amount of ferromagnetic filament that we used. They did not
depend on the size, shape, contact area, or surface of the strips’
design.

This demonstrated that we could design the data strips using
many styles depending on the purpose. In any case, we were only
concerned with controlling the volume of the data strips (amount of
ferromagnetic filament) to enable the recorded data that we created
to have high quality and quantity.
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Figure 6. a) Expected magnetic fields of a strong magnet for an
induction data strip and b) remaining magnetic strength results on a 3D
object after placing the magnet on the data strip. Red represents the
north pole, and blue represents the south pole. The unit number of
Gauss (G) refers to the magnetic strength.

Our analysis of the three samples revealed that the magnetic
strength on the objects accrued as the amount of ferromagnetic
filament increased on the strips. The relationship between them was
almost perfectly linear, as can be seen from Fig. 7. Equation 1 was
used to generate the results. (R2 =0.9999).
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Figure 7. Relationship between amount of ferromagnetic filament

(volume) in data strip and magnetic strength on 3D objects. The
orange line shows the magnetic strength needed to maintain the data.
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Method to represent the data

The results demonstrate that we can use the ferromagnetic
filament to maintain the magnetic field for a long period after
magnetization. Moreover, the results showed that we can increase
the magnetic strength by increasing the amount of ferromagnetic
filament, controllable by increasing the volume of the data strips.
This gives us advantages in designing data strips to fit many future
purposes.

With these properties, we can represent information using the
formation of the magnetic field with ferromagnetic data strips,
illustrated in Fig. 8. These figures show the cross-section of a 3D
object containing three bits, which were printed using the
ferromagnetic filament embedded as a data strip inside three
positions. It can be magnetized at each position to induct the
magnetic poles forming in each data strip using three patterns,
neutral, north, and south. We can represent data using this kind of
magnetic polarity.

In practice, we use only two patterns, such as the north pole
being 0 and the south pole being 1 (or the reverse). The neutral
pattern refers to no data, such as when information has yet to be
written (the demagnetization stage).

This method has the reliability of writing and reading data. We
checked by assigning the magnetization of north or south to each
magnetic filament position. Then, we checked the expected polar
which appear on the sample in each position. We found that every
position was all correct, although the adjacent positions. Moreover,
when we left the time for a period and measure the magnetic power
again, the magnetic power was still can be read as the first time. This
result showed that our technique is reliable for keeping data in
future. However, we will confirm this property completely in our
future work also.

With this method, data can be rewritten whenever we need
them with loops of demagnetizing and magnetizing, as shown in Fig.
1. This way very easily allows for reading information very
accurately and quickly by remembering the position of the recorded
data.

The advantages of our proposed method are 1) Familiar Rules
for Keeping Data, a fabricated 3D object can maintain information
by applying the rules of conventional information storage, 2)
Reusable Items, these objects can be reused several times, just by
changing the information inside them. 3) Clarity, we can increase
the clarity / strength of data reading by increasing the volume of the
data strip. That is not dependent on the shape and size of the strip.
Thus, this freely enables the benefit of design to fit one’s purposes.
4) Capacity, we can keep as much data as we need using this
technique. The capacity depends on the amount of the ferromagnetic
filament that we can print into the object, which can be controlled
by the volume of the data strip.

One idea that will be able to apply our idea in practical is the
data tagging in 3D printed object. To verify 3D printing application,
the real 3D objects would be built, while the ferromagnetic filament
would be inserted during printing. Then, we can write data to the tag
by magnetization. We can use the tag by reading information using
magnetic meter. Finally, we can reuse this tag repeatedly whenever
we need by demagnetization. These process would be confirmed all
again in the future in the part of application of this research.

The limitation of our method is contamination of the magnetic
field during magnetization. Such contamination could cause our
strip to lack continuity. In the future, if we can control the induction
magnet better, we can reduce the size, frequency, and area of the
embedded data strip.
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Figure 8. Data represented by magnetic poles: effect of a strong
magnet to assign three patterns per one data position strip, such as
neutral (black) = no data, North (blue) = 0, and South (red) = 1.

However, another factor that we found and concerns us is the
power and strength of the induction magnet. We found that a
stronger magnet can induct the ferromagnetic filament so that it
maintains a higher magnetic strength. Therefore, this is an important
factor that affects the recording information. We will study it more
closely in the near future.

Conclusion

We proposed the new ideas of recording and rewriting
information non-destructively into 3D objects. One of the
advantages of our technique is that it requires no post-processing
after printing. The data strips are embedded during printing. This
can substantially save time and money for production in households,
businesses, and factories in the future.

The key to our success is that we were able to rewrite the
information in 3D objects with ferromagnetic filament to embed
data strips inside the object. The properties of this material enable
magnetization (writing data) and demagnetization (deleting data)
using the induction of magnetic fields. We actively studied the
factors that affect the quantity and quality of written information
into the data strips. One important factor was the amount of
ferromagnetic filament used for the volume of printing. For same
volume of printing, the magnetic strength formed on the surface of
a 3D object could be the same. Increasing the volume of
ferromagnetic filament increases the magnetic strength in a nearly
perfect linear way. Thus, the clarity of data reading also increases.
We also proposed a method for representing data with the formation
of magnetic fields from ferromagnetic data strips on 3D objects, and
the process is easy and convenient. We expect that our method will
be beneficial for future IoT creation, enabling home-made designs
and data strips that can be used for many different purposes,
furthering the information revolution for countless users.

References

[1] F. A.P. Petitcolas, R. J. Anderson and M. G. Kuhn, “Information
hiding—a survey,” in Proceedings of the IEEE, vol. 87, no. 7, pp.
1062-1078, July 1999.

[2] S. A. Merrill and W. J. Raduchel, “Copyright in the Digital Era:
Building Evidence for Policy,” National Academy of Sciences,

Washington, D.C., 2013.

[3] P.SinghandR. S. Chadha, “A Survey of Digital Watermarking
Techniques, Applications and Attacks,” IJEIT, 2 (9), pp. 165-174

(2013).

Printing for Fabrication 2020



(4]

[10]

[11]

H. Kayarkar and S. Sanyal. “A Survey on Various Data Hiding
Techniques and their Comparative Analysis,” ACTA Technica
Corviniensis, 5(3), pp. 35-40, 2012.

V. Coskun, B. Ozdenizci, and K. Ok. The Survey on Near Field
Communication. Sensors, 15, pp. 13348-13405, 2015.

J. Hou, D. Kim, W. Ahn and H. Lee, “Copyright Protections of
Digital Content in the Age of 3D Printer: Emerging Issues and
Survey,” in IEEE Access, vol. 6, pp. 44082-44093, 2018.

M. Suzuki, P. Silapasuphakornwong, K. Uehira, H. Unno and Y.
Takashima, “Copyright Protection for 3D Printing by Embedding
Information Inside Real Fabricated Objects,” Int. Conf. on Computer
Vision Theory and Applications, pp. 180-185, 2015.

M. Suzuki, P. Dechrueng, S. Techavichian, P. Silapasuphakornwong,
H. Torii, and K. Uehira, “Embedding Information into Objects
Fabricated With 3-D Printers by Forming Fine Cavities inside Them,”
Proc of IS&T Int. Symposium on Electronic Imaging, pp. 6-9, 2017.

P. Silapasuphakornwong, M. Suzuki, H. Unno, H. Torii, K. Uehira
and Y. Takashima, “Nondestructive Readout of Copyright
Information Embedded in Objects Fabricated with 3-D Printers,” The
14th Int. Workshop on Digital-forensics and Watermarking, Revised
Selected Papers, pp. 232-238, 2016.

K. Uehira, P. Silapasuphakornwong, M. Suzuki, H. Unno, H. Torii
and Y. Takashima, “Copyright Protection for 3D Printing by
Embedding Information Inside 3D-Printed Objects,” The 15th Int.
Workshop on Digital-forensics and Watermarking, Revised Selected
Papers, pp. 370-378, 2017.

P. Silapasuphakornwong, H. Torii, K. Uehira and M. Suzuki,
“Technique for embedding information in objects produced with 3D
printer using near infrared fluorescent dye,” Int. Conference on
Advances in Multimedia, 2019.

Society for Imaging Science and Technology

[12] P. Silapasuphakornwong, H. Torii, M. Suzuki and K. Uehira, “3D
Printing Technique That Can Record Information Inside An Object
As Rewritable,” Proc. Printdfab, pp. 158-161, 2019.

Author Biography

Piyarat Silapasuphakornwong received her B.S. (2007) and Ph.D. (2013)
in imaging science from Chulalongkorn University, Bangkok, Thailand.
Since 2014, she has been a researcher at the Human Media Research
Center in the Kanagawa Institute of Technology, Atsugi, Kanagawa, Japan.
Her research interests include image processing, computer vision,
multimedia, human-computer interaction, geoscience, and 3D printing. She
is currently a member of IS&T, IEEE, and IEEE Young Professionals.

Hideyuki Torii received his B. Eng., M. Eng., and Ph.D. from the
University of Tsukuba, Tsukuba, Japan, in 1995, 1997, and 2000. He joined
the Department of Network Engineering, Kanagawa Institute of
Technology, as a research associate in 2000 and is currently a professor in
the Department of Information Network and Communication of the same
university. His research interests include information hiding, spreading
sequences, and CDMA systems.

Masahiro Suzuki received his Ph.D. in psychology from Chukyo University
in Nagoya, Aichi, Japan, in 2002. He then joined the Human Media
Research Center of Kanagawa Institute of Technology in Atsugi, Japan, in
2006 as a postdoctoral researcher. He joined the Department of
Psychology of Tokiwa University in Mito, Ibaraki, Japan, in April 2017 as
an assistant professor. Dr. Suzuki is currently engaged in research on
digital fabrication and mixed reality.

Kazutake Uehira received his B.S., M.S., and Ph.D. in electronics in 1979,
1981, and 1994 from the University of Osaka Prefecture, Japan. In 1981,
he joined NTT Electrical Communication Laboratories in Tokyo, where he
was engaged in research on imaging technologies. In 2001, he joined the
Kanagawa Institute of Technology, Atsugi, Japan, as a professor and is
currently engaged in research on information embedding technology for
digital fabrication.

Printing for Fabrication 2020



	Printing for Fabrication 2020 Final Program and Proceedings
	Copyright 2020
	Welcome
	Program Committee
	IS&T Corporate Members
	Board of Directors
	Program
	Session 1: 3D Technology and Functional Printing
	Cannamela, Fabrication of Magnetic Polymer Nanocomposites Using Inkjet 3D Print Technology, pg. 1
	Leech, 3D Printing the Woodburytype – Plastic Printing the Plate or Gel Printing the Image?, pg. 6

	Session 2: Printing Response to COVID-19
	Session 3: 3D Technology and Functional Printing
	Silapasuphakornwong, 3D Printing Technique to Make Information inside an Object Rewritable: Effect of Amount of Filament on Readability, pg. 12
	Park, JIST-first: Fabrication of 3D Temperature Sensor Using Magnetostrictive Inkjet Printhead, pg. 17
	Taniguchi, Novel Method to Drive New High Temp FDM Hotend, pg. 22

	Session 4: Printing Response to COVID-19
	Keynote II
	Parraman, The Art of the Maker – Craft, Design, and Technology in the 21st Century, pg. 26

	Session 5: Inks and Ink/Substrates Interaction
	Sousa, Differentiating Digital Printing through Physical and Chemical Analysis, pg. 32
	Rosalen, Influences on Spreading of Inkjet Inks on Coated Cardboards, pg. 37

	Session 6: Printing Technology
	Rodriguez-Rivero, JIST-first: Deflecting the Issue - The Origin of Nanoscale Material Build-up in Continuous Inkjet Printing, pg. 44

	Session 7: Late Breaking News Europe/Americas
	Session 8: Inks and Ink/Substrates Interaction
	Jonglearttrakull, JIST-first: Effects of the Thickness of Boundary Layer on Droplet's Evaporation Rate, pg. 54

	Session 9: Printing Technology
	Kuo, Dynamic Imaging Solution, pg. 65

	Session 10: Late Breaking News Asia/Americas
	Closing Keynote: Fundamental Fluid Dynamics Challenges in Inkjet Printing, Herman Wijshoff
	Session 11: Imaging and Modeling
	Abedini, 3D Halftoning based on Iterative Method Controlling Dot Placement, pg. 69
	Gooran, 3D Surface Structures and 3D Halftoning, pg. 75
	Klein, The Reconstruction of the Appearance of the Acanceh Frieze by 2.5 Printing, pg. 81

	Session 12: Printed Electronics
	Session 13: Imaging and Modeling
	Mercado Rivera, Probabilistic Motion Inference for Fused Filament Fabrication, pg. 85
	Yang, JIST-first: Tone Curve Compensation of Multiple Color Halftoning Screen Printing for Heterogeneous Fabrics, pg. 92
	Minegishi, Study of an Intelligible and Quantitative Index to Clarify Required Gloss Impression, pg. 102
	Yang, Predicting Response of Printed Potentiometric Nitrate Sensors Using Image based Machine Learning, pg. 108
	Yuan, JIST-first: Impact of Geometric Features on Color Similarity Perception of Displayed 3D Tablets, pg. 114

	Session 14: Printed Electronics

	Appendix
	Author Index




