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Rewritable Embedding of Information Into 3-D Printed Objects
by Utilizing Resin Blended With Magnetic Material
E¥YSy b oS8R MRarvo4 07 P N9 B FET EEBXT
Piyarat Silapasuphakornwong Masahiro Suzuki Hideyuki Torii Kazutake Uehira
o N a2 ST B, BEOBIEL .
1 LBI= DRUNERZEIET S (K 1A) . 72, BEOBED

A, 3D Y v F— oK, K3 2 MEDHES 1E
INOVHBTOFIHABEATEY, 3D 7Y X —TEFL
- IS A IMIME %2 5 2 CE DiMEAE E S 5 Z & 23k
boobh b, EHLOWE I N—TTIL, 3D 7V ¥
—EBY O &It E B E LT, ZhE T, Mg
L% 3D 7V o F—ERHORNEBIZERE DAL T iE A
BetLT& 7z [1-11] . HROMDIARIT, &M EER
95 TREOF THERICIHI R 2 — U B2 R LT, 20
NE— U HOREFRENERERATHELOICTHZ LI
KB Rote, Flo, WHANZ =V EERIMET A TR0
=TT T 4= ETHENOENITHZ LT LD,
DA ERE IEE CRiAN S 2 2R LT, 20X
T, EHHIT, 3D Y X —EEHNEICE R E D
AT L V., 3D 7Y v F &Y O SN I E L A
FTHLLTE =,

AT, 3D 7V ¥ —EEDHO I Z X 5
EDHEAMTE LT, BIIEIZ X 2 ERY O NE B 2 Bl
B LTZBHEIC L 0 iR 2 A L . 2 O E S A
SEAL LY, Bk L7052 81k 3D 7V
VA —IENERIC E & A ATRRICIE A AT KA A
BE L0 THET 5,

2. R
AEITOFELOBAK 2K 1 (R, EEAKITE
DORIETEIE LT, T OPEBICBEMER 2Bl A LIZRRIC K

——
e
S N N S
HEEHEB
3aDT) e —
&R
HE B EBE
0 1 1 0
ERD
B mE R
@z ot
Wi A S
(A) (B)
X1 AEFORBOESAX

$E 450

WM A LTMIED. &6 0 L RBEOIRE CRiET 5
DT, 2 ~y NOBEMIEREN 3D 7V v ¥ —%2Hn5b 2
Lizk . BEEYARKEIERT 5 & RIRFZNE O MU NER
LF—DTRTEETLZZENTE D, BEKIL. Box
W TCEREYNES O NEIRAZ L L T, EOMmET 2
BaRBT5 (X 1B) , Wb, BNMEkoBR O s
METATZA—Z—REICLVEHATLIZ 2L, HD
IANENTAERE IEMIEICH AL T, £o, EEHONTO
WONEBR A BT 5 2 LIC L VDAL R A E XML
2o

3. A&

BAfRREE R 2 ) AN 3D 7Y v x — TRl &R
L7z, —HD ) A PLA BiEZMEE L., o/
RS ITERR AN EA &z PLA BHEAMH L, X 2
IZRT & 912 PLA BHIEHIZ 5X5 Ok %2 tefE Rtk
FEIME IR Uiz, esERIiIEE% 2 mm &L, YA X%
I mm X 1 mm, FE+20EHOAR—Z2%2mm & L7,

SOERFEI ISR T2 a1 Y PLA BHEICRA SN TS
TeOM DRI+ % & F VR & [F—RE TR TE, Z
D=, REHEEEER L TR TRA L, TG
DNT, BHREZIAL, B LOFEEMEEZFN LT, %
FLEEIIC ML DO FEIC LD 1 By FOF#RAEEZ AT Z
LE Lz, BEIARITITER | mm TR X 10 mm OHIVFE

P —
IR T
T 2

mmo

LmEx

Ea-%05 e
f 'mm -
X MrEX

X2 EHEOEK

T 44 TRRS:  Kanagawa Institute of Technology
I WK Tokiwa University

243 Copyright © 2019 by Information Processing Society of Japan and

All rights reserved.

The Institute of Electronics, Information and Communication Engineers



FIT2019 (%

18 EFE|EEEM 74+ —F L)

©)
3 HMEDAME

RO (FREAERE © 140 mT) % AV T4 SoktEEL -
HOIET YRR H B S W CRREREIR 2 B L7, TEER

HH LORREMZ T T 572D T AT A — X — THKiLekHE
Ik I OR M OB E ZFHEI LT,

B 3 (ZEtekRr O RO ML O E R, BT D5
BRI OBAL T MO FBEFHRD -0, K 3A, B IR
£ 912 5X5 OFERO O 3X3 OFFEEERE, Fud & E0
DREAL DR & 225 % TARE D3R i O R B & JE
L7c, F72, M3CITRT LT SX5 fHltkE T &7 hied
6] CRAE L2 3A O N E N O R8I BRI OB &
ERE L7, RTEAO<ZIWNTROHFICHRHMEE L
7RI TR A R,

4. $EREEBR

X 4 (25 ACREIR_ AR ORI BT DROREE E A O
FHEOPERBREZ T, WTHLOLE bEIRHE Y OBA D
FRBH S, KEBRTOLM CRER~DIE RN L
FAAH LA FRETH D Z & DNHEGR T 12,

5. 560 YIC
3D S U HE %%Wﬂ \ZHEMER A RS L 7 ok pE s &

BT % Z &1 BN E S 2 FRE f e
DAL Z & ﬁiﬁfﬁ“éf‘%é LR TE T,

{1l

HiEE
A2 13 ISPS BHEFE: 19H04141 DB A 21T 7=,
SEHR

[1] Masahiro Suzuki, Piyarat Silapasuphakornwong, Hiroshi Unno,
Kazutake Uehira, Youichi Takashima, “Copyright protection for 3D
printing by embedding information inside real fabricated objects,”
The International Conference on Computer Vision Theory and
Applications, pp. 180-185 (2015).

[2] Ayumi Okada, Piyarat Silapasuphakornwong, Masahiro Suzuki,
Hideyuki Torii, Youichi Takashima, Kazutake Uechira, ‘“Non-
destructively reading out information embedded inside real objects by
using far-infrared light,” Proceedings of SPIE 9599: Applications of
Digital Image Processing XXX VIIL, pp. 95992V-1-95992V-7 (2015).

[3] Piyarat Silapasuphakornwong, Masahiro Suzuki, Hiroshi Unno,
Hideyuki  Torii, Kazutake  Uehira, Youichi  Takashima,
“Nondestructive readout of copyright information embedded in

F4

©
4 HREELEBFOAROIELZR

objects fabricated with 3-D printers,” Digital-forensics and
Watermarking: 14th International Workshop, IWDW 2015, Tokyo,
Japan, October 7-10, 2015, Revised Selected Papers (Lecture Notes
in Computer Science, 9569), pp. 232-238 (2016).

[4] Masahiro Suzuki, Piyarat Silapasuphakornwong, Youichi Takashima,
Hideyuki Torii, Hiroshi Unno, Kazutake Uehira, “Technique for
protecting copyrights of digital data for 3-D printing, and its
application to low infill density objects,” MMEDIA 2016: The Eighth
International Conferences on Advances in Multimedia February 21—
25,2016, Lisbon, Portugal, pp. 56-59 (2016).

[5] Kazutake Uehira, Masahiro Suzuki, Piyarat Silapasuphakornwong,
Hideyuki Torii, Youichi Takashima, “Copyright protection for 3D
printing by embedding information inside 3D-printed objects,”
Digital Forensics and Watermarking: 15th International Workshop,
IWDW 2016 Beijing, China, September 17-19, 2016 Revised
Selected Papers (Lecture Notes in Computer Science, 10082), pp.
370-378 (2017).

[6] Masahiro Suzuki, Pailin Dechrueng, Soravit Techavichian, Piyarat
Silapasuphakornwong,  Hideyuki  Torii, Kazutake  Uehira,
“Embedding information into objects fabricated with 3-D printers by
forming fine cavities inside them,” Electronic Imaging: Volume
2017: Media Watermarking, Security, and Forensics 2017, pp. 6-9
(2017).

[7] Kazutake Uehira, Masahiro Suzuki, Youichi Takashima, Hideyuki
Torii, “Technique of information hiding for 3-D printed objects with
transmission images of near-infrared rays,” Proceedings of the
International Conference on Computer Graphics, Visualization,
Computer Vision and Image Processing 2017, Lisbon, Portugal, July
21-23,2017, pp. 87-93 (2017).

[8] Masahiro Suzuki, Tomohisa Matsumoto, Youichi Takashima,
Hideyuki Torii, Kazutake Uehira, “Information hiding inside 3-D
printed objects by forming high reflectance projections,” ICVIP 2017:
Proceedings of 2017 International Conference on Video and Image
Processing, December 27-29, 2017, Singapore, pp. 146-150 (2017) .

[9] Masahiro Suzuki, Piyarat Silapasuphakornwong, Youichi Takashima,
Hideyuki Torii, Kazutake Uehira, “Number of detectable gradations
in X-ray photographs of cavities inside 3-D printed objects,” IEICE
Transactions on Information and Systems, vol. E100-D, no. 6 (2017).

[10] Piyarat Silapasuphakornwong, Masahiro Suzuki, Youichi
Takashima, Hideyuki Torii, Kazutake Uehira, “New technique of
embedding information inside 3-D printed objects,” Journal of
Imaging Science and Technology, vol. 63, no. 1 (2019).

[11] Piyarat Silapasuphakornwong, Masahiro Silapasuphakornwong,
Hideyuki Torii, Kazutake Uechira, “Technique for embedding
information in objects produced with 3D printer using near infrared
fluorescent dye,” MMEDIA 2019: The Eleventh International
Conference on Advances in Multimedia, March 24-28, 2019,
Valencia, Spain, pp. 55-58 (2019).

Copyright © 2019 by Information Processing Society of Japan and
The Institute of Electronics, Information and Communication Engineers
‘H:H' All rights reserved.



