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Development of functional materials for multi-modal artifact metrics
(Up-conversion glass phosphor with hue and emission intensity)

Masaki Fujikawa™ Mariko Hara™ Shingo Fuchi'

Abstract: Multi-modal artifact metrics was created based on the concept of multi-modal biometrics and can improve the
artifact’s certainty of authenticity and difficulty of counterfeiting. In order to give two optical feature information (hue and
emission intensity) into the ceramic products, we develop a functional material (glass phosphor). This is a novel approach, since
up-conversion phosphors with different color hue and emission intensity at each observation point on the material by optical
excitation have never been reported. By welding a small amount of phosphor powder onto the surface of the ceramics, the
certainty of authenticity and difficulty of counterfeiting would be enhanced than previous method we proposed. We found
appropriate blending ratio of two types of rare earth oxides for making glass phosphor with above-mentioned emission
characteristics. These characteristics could be seen in other glass phosphor created by different base material glass with same
blending ratio. The phosphor powder was welded on the surface of the product by two types of firing (graze and decoration
firing) and different hue and emission intensity were seen at each observation point on the product.
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Table 1 Physical characteristics and extracted information.
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Artifact-metrics System
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Figure 1  An overview of artifact metric system.
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Table 2 Comparison between two approaches.
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Figure 2 Emission intensity distribution images.
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Figure 3 Two emission peaks of wavelength and visible light
emission from glass phosphor (image).
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Figure 7 Visible light emission (black part).
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Figure 8 Visible light emission (white part).
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Figure 9 Glass phosphor and difference of light emission.
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Figure 10 Glass phosphor powder and light emission.
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Figure 11 A plate without powder (left) and with it (right).
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Figure 12 Difference of light emission (x2.5, 1SO 40000).
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Figure 13 Pattern baking using transfer paper.
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Figure 14 A plate without powder (left) and with it (right).
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Figure 15 Difference of light emission (x2.5, ISO 40000).
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Table 3 Material comparison.
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Table 4 Weight of each reagent.
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H T AEIROERIZ TV BB A LS ML AT
RTHDIHN, ZNDIZIEHLREBHEEIA LNV, F
7o, BHEK Z AOME (RUBER, VU EBROBIY T Z
) WEARYE - RO DL E LB Th BT E
PRIHENE SNTWD. e xIE, ZVRZATT AL
ENDERE OB VB S 7 2B TIn S <
WHN, YUEH T ATRBE LTRSS TWDZ LD
ZEMOBEININNZDH. 5L, Bbs by
TADILEWTH HH T ZAdHE SRR - REEOH 5
BELEZBIEM T F A ThHD. ZNbDI NS, TT A
AR DFTFMIIMENEWVWR D, =77 L, 8RO R %R
DO BRTIE, fodKE L FARIZBVIAATZ Y BIZAoTz
DFTDHZERBRNVEIITHEETOHNERDD.
52 ASREREDOEBLIME
FZHLIIECEAVNELS B N 7 2K OB
ZHIELTWA. H T AWK LSNT b &I A EHIAR(E
THN, B7 I v ARBIZEESEL20ICEFRI PO
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THTRLULIEBEZFRTIMLERDD. 207D, Bl
FIZBW TN 7 AEHENEBMLTH D
53 MR 1EHEYDOHSREREOIME

Fa4Z, M9 TRLENTT ZHEOIER MR &z
AL L&, BLOEREMICEEN L RAIFEOERE &K
Tk ZRT. kv, 7 2AEREROERIC - T2
IO 130 15,5335 [ & 72 5 [d]. 1 MLICHEE S0
T AENAARDOEITH 0.05 g THH7=H, 1LILHT-Y DOk
ROMIkIEK 7765 M &2 5. Zhud, WESHERTT X
HWHROERE & R UKE ED RFID # 7 1 HO 51 724t
¥ (80~120 [ AifZ) LV &M THD. RFID & Z1IALY
FFICE > TRBMOBIEAZER D 2B DHM, ¥TA®
KEITDETHNVIREOBEREAE 2 O ARt R, L
rEozZnb, HTAHKKILRFID 4 7 L0 L& Th
n, BIEZHER ) TREENMENEX 2V T o ®-E LS 2
LR TED.

FETRLEAHEIT, 109 DH T REOLIKE EBRERE T
THERLZEE0RETHD. YikrOtRo I IZ AT
LT WERMbAm LA AL CRY, AT I ALDERE
9 BiRETH D, EEHTIIRKEON T ZHNIROME
BRRIAFEND =0, EEEOESFELI Y L ZL< T T AR
EERTEDLEZEZTIN
54 FRIE{TAHDEH
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TETH, WHWITAEITSTHD L& I aEnEE
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TR~ DRI OV TIRAR S,

AR OFIE, RSB S TWD & XD L8
HENDZRETHD., £I7T, BlEEERE LD X
WCORFARIEDOFENH BN D Z & MR DAEHT &2
DAND. BRI, SEEROCTROER EERE R
M35 (M17 ). hoZ&H# - ERGELE LT3 200
KBRS TS, TDMA F30E, HIRICEDY i 50
TR D T A b O EIT & VEIT & BRI CHIE 2 5
NThd. REMREIZ 2=y FEFRMILTWD2®
ZHha=y MNIEZDT A FPBH TV D %785
TEXD., ERIFRABL TN Th D 7= O L MREE O HLE
NS THEDLD, AELEORELZITOT 0.

FDMA J70%, SERICEY [ onBHo 714 &
FRIZEID Y TONT R DB EHNTE T A MDA
ITEMITZRET 2R ThHD. ZHa=y MIEKETA b
DOEFERTEZ N> TWD D, BEOT A FBFEIEHT S
JITLTCWTCh, Zla=y MIEDTA b0 BHTHDE
RO ERHTEDL. ERFNIEHTH Y, ZEREIRE

d HEIE, BEXFEBEH ST L EOBSEENEGEENDLIRETH LD,
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Figure 16 Pasting a light emission image onto fake product.
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Figure 17 Detecting fake product by using light modulation.
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Table5 Comparison of the TDMA/FDMA/CDMA system.

TDMA FDMA CDMA
Y DAl o DN
R CEhIE LS IR KHUEL IR

DOBUERKE L 7250, AMLEOEELZITIZ V.
CDMA 5, HIRICEY T onicBHo 714 i
FICEIY YT B BEEEANTETA FORITEH
STaGIET 55N Th L. Zha=y MIET A FOELHK
Mo TNATZ®D, BEOTA NBRFRBHIZAT L TNTS
ZHa=y MIEDOT A FPOHTWAHRONEFEHKT
5. BRI TN THDED, LEHEIE OB
DINS S THER, NELIEDEEEZITIZ W

U bEoRMEE - b00n#E5 Thbd. CODMA UL
mwﬁt&m@#%& SH RN S T TEETE b
INERETH AT D FEIITAFE TH 5. FEEE TIIMGEEEIC
Eéﬁ%’oﬁ?&%%‘ééﬁéﬁ FOHA I LTI E DR TR
B SELEE NS, ZHERITEEE M > TN DT
DN E R L CWieWnWs A I 7 TILNFELEZ LT
586, EBREY T BERERRIL TSI E (R
EAT%) BNbhrd.

6. FEH

~“NVFE—HENVANTIYWA N I A %t®T I v 7 AL,
AT EEBME LT, EHLIEMEICI > TH
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BT 2 SO — 7 WRERTH 7 ALK % B
LT, B o BUEERIZ B W TR R & s
SELZEICLY, EEOBIAEND TEH] &T%%

W LWH 2 oDRMIERAME T2 LN TEDS. 2
NHIXEEE LT ESND 0, BEINTWDHEE L
D~y F T Lo TEENERIECE 5. Lo H T 2
HHAEEBERET B0, Bl v T e T A ez
v ADOEA AL S WA DA & 7 B ik 2 B E
L7z, ZORR, BNSIZ LR 508 & FIRE 2
DT ARIROIERUZ KB Uiz, Fiz, BHET T AR
2o CHRIBRORMAE L OH 7 AmMRBNERcx 52 &
Nhhrotz.

2 M OBERR 15 (glaze firing & decoration firing) 12 &
> TH T AMMMEH R & A ST fae Lz SRk L7z &
A, BNEIZ LICO & TN R D T LR T
iz, ZhiCk Y, BRENRDETH > TH FEIERILHH
HAEETH V dOLEROMRRIT IO EE LT RN & h
ol BIELTEIEERITITEANRAGND Z &b,
INEARRENEVRE L OO A R TX BT
AEIARDOIERZ AL D . BARITIE, BRI T 2AZEE
N EMB LY CRRIRE 2 E X 2 HIERH 5. (Efiilkl
MoBRie LTigbARAIv L, Z@bsrv~=ui, %
T an, Bib7T o FE2, BILE) 750, RBERUF U
L0 6 FENH 0, PERKIRE & LT 1,250°C, 1,000°C, 800°C
DIBEERDD.

B oo, AR GREE S 18K11302) B LT
NEMTIE AR B FH L EM T O X EE %17, A TR
WoOBEEERTS.
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