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Abstract

Nowadays, AR (Augmented reality) is widely used in education and other areas. For
example, using AR in teaching can improve the interest and learning effect. However, the AR
Markers are meaningless to human and will occupy the graphic space and interfere the
reading effect. On the other hands, the users might not realize the existence of AR markers if
the AR markers are totally hidden. Therefore, this study is to combine infrared watermark
technology with density matching tables of cyan (C), magenta (M), yellow (). black (K) inks.
It makes the amplification effect of different hidden markers. The proposed product has
prompted the effect of hidden watermarks, not only keep the graphic layout completely, but
also can indicate the presence of a hidden infrared information. Finally, this study will test the
AR triggering effects of infrared watermarks with different hiding effects. The result shows
that the infrared watermark with different hiding effects can be detected and decoded
successfully by infrared detection. And it also proves that the different hiding effects of

infrared watermark do not affect the IR detecting ability.

Keywords: Infrared watermark; Augmented reality; Digital halftoning;
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e (4ol 2-2-6) > ffod A ARARE PP L2 e L PRI e B E 2

£

e o g;u,, Blp henFh Gy o M AT

B 2-2-5 £ 8F 4L (a)7 LkT (b))t kRT
F‘}Jilﬁl /Fﬂjb’ﬁ -2
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(a) (b)
B 2-2-6 (a)iz fhaif-ker & Bt - kiR k (b) 5 At AUEKE & R v
FERT vk o
FH IR E FEY (A97)

2010 & d B Hme 3 F G2 MDD WS S A B o Rk e

PR EER N MIEAET Re G p H2 P ,;ﬁ“@ ¢ Bk B Al b SR B RS

THREBFERIGALFN R FTI BT AREY P E ST Eank o g pT

=EREARREENMNBE
~-RARERERZSW (2007)

(b)

B 2-2-7 (a)3 #&p Ha— L khonck (b)3 £&p B3t bR ART Gock o
TR &R EY G (299)

2012 > 5. %% & I & + Maja Rudolf, Tajana Koren, Jana Ziljak-Vujic# & - fEa7en
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EH DM R IR S RET RS T ART NS o RIERT N o
‘%@"‘iﬁii’f‘]’*C‘M\Y\Ké Bzt KB E LI RIT > T EER Y KR
W BKEATHES P2 HC M Y2 TS R ek 0 R AT Ak
XRT 0 @E]A F AT MIBA A AR nF I o G R BTG 2 A H R B ] 2
e o RARERT N B A BERT LR 2 o @ AT av bRk )

FEAGHER MDA TR FP e RF R ERAREIR- PR AR H

DEETErS e ELET SN S P Y E T LN

NICA 2012.
'KOSTELIC

(a) (b)
Bl2-2-8 E i ¢hAEFM L2 L (Q) T Rk T FERE w3t (D) A ALK T BT
SIERE -
75# % 3% : Rudolf, Koren, & Ziljak-Vuji¢. (2012)

S BAHRAR
- BHARARANE
#3378 (Augmented Reality) %1968+ ¢ Sutherland % p* » ¥ %1997 4 Azuma
SEPFENTR I T RPHEE pRENPTDF L BRI R DR PAET A2

_‘g,}»ﬁ- (?JQ.\,’BQ98) ;}-}%jﬁ-ﬁ ﬂ%ﬁ&#ﬂl*%’k’&&ﬁ\”TimE?ﬁ?ﬂ y iR
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e B EEP PRSI S THEEMRS DA TREY PR EF 2T
kot kgt kB (Elbasiouny, Medhat, Sarhan, & Eltobely, 2011 ) - #7 & # % 8 ( Virtual
Reality) 7 fp 2 e e 3 HH T L A RATR AL K 7 J_Iﬁaﬁtw"ﬁ;d» e
o ZEAEOTRTEFELET A RARTEEAUF LT N o

Milgram = Kishino*+1994# ¥ 41 " B % — & ##:2 § 1% (Reality-Virtuality
Continuum) | 2 2% &k T & B EIEE > woBl2-3-1%77 c =+ H A b i ¥
B#EEE A Awe FRTHL TRE 5 (Mixed Reality) » &2 & F 527 » EF
e FAVRAT TERRE R T TER L F SRR TRy
Jﬂ" » RIfE2 Tapf 8 (Augmented Reality ) » & 22 > 4% £ T B EES 2 20 IR
P RIAE2 5 T3 B 8 (Augmented Virtuality ) -

Lee ~ Rincon ~ Meyer ~ Hollerer 2 Bowman (2013) :vi » MBS R £ 9 B H
R o HAREE E R 0 R RAREE A SR R TR J e 2R T
HIBE BRI A DA 2 AHHFFTRFHEN LTS R T EY TR TFED

MEBEFRERC M IR Tk THABEFHERDE LT R (Azuma,

2001) -
| Mixed Reality (MR) |
|— mm—
Real Augmented Augmented Virtual
Environment Reality (AR) Virtuality (AV) Environment
Reality-Virtuality (RV) Continuum

B 2-3-1 bR LLRETH
74 &k : Milgram & Kishino (1994)

= HAHARTRPME?
S & fgCanterbury ~ 5 42 cnHIT Lab# 3 MagicBook » E #5375t = 7 AE % ¢ -

Bt A E &SR F 5o MagicBook i &S G - A A E BT BT KA
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MR R WERIRBEE > AAEROERET S - AR - BT BB N AT AN

)

BRI ’%ﬂ\li“ziif]% TEBES EDER ARBEFE TP o Fe £5d TREEY
4 m#3DF i afic e o MagicBook i * 3540 B]2-3-247 7 B]2-3-2 (a) Ak Pk

%ﬁ*’&%é%ﬁ~&ﬁﬁ%%%ﬁﬂ’§$?*%§—&%%%ﬁ%ﬁ%ﬁ

MagicBook ( iz £ % #3 % Syt W% - 1> e R kR B ERES & )0 §2-3-2 (b)
AR B R R 4o DMERES M AT AL o § R D AR

FHAAREL B LB ET LS 3D E e o EPIIHR T B sk - B2-3-2 (¢) R
BT 37 B en# a0 B A PR AR E 2 0] T MR 18 BDRCE AT B (N T AR &

i~ mEE B o (Billinghurst, Kato, & Poupyrev, 2001 )

(a)
B 2-3-2 MagicBook =i * §-4)
74 %k © Billinghurst, Kato, & Poupyrev (2001)

T AL AR R AR R L e ] B TSR
PR R FE AL FHG o B A P F R TR B
AL L enff it R A GO I LR R EFRAPY S R A A2
FAA L ERBAED R EEDIEHRRT oA I BRI R JATENREE
FARAS BHT ARGl LT @R T FH T R iR
RAIE L R S A G ot A SRR PR S S R 0 4 R T 4 B
PR B AR MIRE LY 0 RS T R R i 0 FI2-3-35p
TR ETIED L FUE AT B I B4 DRE R P AR e
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837 i+ (Navab, Blum, Wang, Okur, & Wendler, 2012 ) -

Bl 2-3-3 " 4% 7 S L Hip
F L %k : Navab, Blum, Wang, Okur, & Wendler (2012)

HHFE T o FFEIEREERTEOF 20400 0 LRE 2 SR D
B e DN St ARREAEY §2 L FRIF 1 BLA AN E N
3DHA] Bt BEBUIld AR A AL & B m 3 7 B et it > 4w B2-3-4-FF 7 B % 87 o

BHABREAE T R B KT B R kTP F A DG

B REHOEEY LAk LR E L HHFRAKT G v TR E ] kA 0 AR
IR 3 B TR AN (LB Y Aok s H 8 Y #48 (Billinghurst & Duenser, 2012 )

Helical spring
[ 2-3-4 r Rl s 8 Y Sk
F 3L %3k : Billinghurst & Duenser (2012)
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20134 » Margetis # £ & 4 21~ # % 4 SESILeh 3 7347 ii & ¥ %3 (4o F12-3-5) »

FREFYFRY - LT H AR FI BN hE R R b i 0 ASESILe )k i
FE2 T 0 e W g s Y K P SR E § B B B E A R e a
s W) jﬁ:’ ’ﬂ'b,j(%’iﬁ?:ﬁ?‘ﬁa'ﬁ f‘égsaﬁaﬂﬂb ?ﬁ: ﬁr—g

Z‘gé:,’ljlg Pﬁgl*ﬂﬁl—tlfgﬁ =
4 Yo BB ¢

(b) (©)
B12-3-5 & * SESILen % Sil 25 ¥ 22 o (a)* - 4p PRRBHE (b)*SESILZ

P T35 (C)SESILHCN ™ e 5y
7o sk ik . Margetis, Zabulis, Koutlemanis, Antona, & Stephanidis (2013)

(@)

A s 8 —*‘WOJCIechOWSkI {e Cellary *+2013# 7= 3% ) % % ARIES 3 3

B(4oP12-3-6) » & * 3¢ B FHT o FY F 7 1% ARIESY i b

B %
PREFCEIHRIFAEY R bldoaflds? foenf ez @  F%* EEF %R R

ToemAp R X AARYHRBRE 0 F R HITE BT Lﬂ;;g‘fsg—gﬁ/\fﬁ;g;&g ,
FTERNFHRNEFEEY AR L ERBHITREY LT RECE I RE T AT >

}'}1}1}%4“5‘3 4 B Y B
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B 2-3-6 J1* HHFREFCEF %
7 #L %k . Wojciechowski & Cellary (2013)

& FL 7 ﬁv?iﬁlbéﬁezﬁerimwllarén 2 Kloos RIFI* #3378 RiE7TTRE ¥k
B% FAVEBFLA A FOAENFPRHIE AT EFTEENM T % LF2-3-7>
Y RREFED T BHF R ET KT L F ook BT HIEMEATR &
TR TP R FHROBGEA TR TR T B RE 2 A T DR BN KE o (i

RFFV R FofllRingR -2 I BRI KT IRFAM BT RF T %
¥
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(b)
BI2-3-7T JI* BT R TR RERETS% - (2 HH TR~ (D)
BRI BREFTRT R
F L ki Ibafiez, Serio, Villaran, & Kloos (2014 )

iy

S ORBH R R

Demuynck §= Menéndez (2013) 25 " 37 5 5 & % :3% 4+ & ~ 3D #3) >
S e R R L AR ERIEE )+ F e P
A endF A F B FER B % Magic Cards #-¢ 23 0 2 g #2600k A5 58 5t L SRR B %
2@ » @ Magic Cards eheh Ly B3 B AL 2 v 2 28 g F B yem & 0 1 & MR

FORFEEEA, 0 A AH P b x5 F hT A 4o 2-3-8 0 T %}*}é Magic Cards
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FE TN BE AR BEIS G AR oRES 2 TR LA kAT &

RAC G RAFNERIE m RS PR RAE 0 4o 2-3-9

® 2-3-8 Magic Cards
7L % & : Demuynck & Menéndez (2013)

B 2-3-9 Magic Cards & & ## 4~ 2
7L %R © Demuynck & Menéndez (2013)
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o blde s A0 R S BARIE BETR B KO B BN R & o S e

MEH» A RITEERTEY > P FSRE DR ERE PR ES R
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W% (lnvisible Marker) > i i

*
(Marker-less) #%3 ¥ 5t FER 5 ER

WA NSRRI R ERORERR Y (KR FE R
102)

% 4] (Marker-less) #%3 ¥ 5t

PoAenE XD T — 8 Marker-less s § Sy ks 2w B A1 %t enen
TR A iF AR e B P-4 S X R A w8 (Skin Region) > # BT
%i#ﬁﬁj#ﬁﬁa&ﬁfﬁéﬁf%ifﬁ’ ii&EmeE&nf’ijﬂmF"&Eﬁ

IR AL A
(Non-skin Region) » i#@# b 3 2 4 L ¥ He hFE T > ez 4

Moo B S B AR S B RF IR
P EARE B AIRTI 0 ¥ A FREhRITIRARR AR AR 0 A R F R RS
2 R EFRPED R PR RS 0 R AR T T & o

WA R R

B2 »c%  (Kato & Kato, 2011) > 2 ) 2-3-10 -

B 2-3-10 1% + 35 1% 5 ¥ 7
T kiR : Kato & Kato (2011)

B

Sakuma -~ Yamabe ¥ Nakajima ( 2012 ) R| @& * & 3 5 #f 5%
(Radio Frequency IDentification, RFID) &% i7 3 7 5

o

W
PR MR ETRAY
ALd STHRPIESTAF A @ FAF K £ Fpt W PRRFIDS PR At o X
AR HH AR R BEA AT B AR NRER T R TR T R
Ff o R HR R B G R PR

» 4o §12-3-11 o gt g dp A F {
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”‘p RFID Tag |
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Tag

RFID Reader

_ @

B 2-3-11 12 RFID i& {7 8 %3 & o7 & B
F R %k : Sakuma, Yamabe, & Nakajima (2012)
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(a) (b)
B 2-3-12 M2 ¢ APUITHH T ByRERE (a) 2 ¥ ERF»% (b) =@ R

F L %k : Wang, Liu, Chang, & Chen (2008)

Park f= Park (2010) » % 3317 - fA10 b sk & ROE BN 7 8 R
KNP FHITE N R B - G P2 R g 7 5 5ER B % (IR-based
AR Marker) - #i%- & 4 45 (Cold-mirror) » #-fz3 ¢ %24 (Color Correction) i
SRR S AR A HR AL B Y DS RIpEE o BB DD R

TN F RBRT R GoooA L RBEEBR T N RIVEF DR T B IERRE -

B E AR S AR RRE  FRnE AR SR AR
V-3
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Visible camera view

‘l‘lﬁ-ﬂ uorescent
marker

Visible camera /
(real scene capture)
— [

IR Tilter

IR camera view

IR camera

(marker tracking

Bl 2-3-13 = *h AIF 3 T By B & ok 2 i
L Xk : Park & Park (2010)
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Fo8 FIRWZIIS
Y ;Ln At R R R E e A 3-2-1975 ] RN 1R S ‘TIJ’B’ LA F e
7 i kgL » & 1% Versa UV LEF-20 vf & £ 4 14 j2 47 & 720dpie {7 43 1 » 4 X-Loupe
G7 43¢ A ACELAP P R AR B B4 > X838 e PP RS & 7 RIS W
Fn4 Pl g * MATLABZ Adobe Photoshopit (7 & %t ciiff] (i - 3538 F B Rl @ * 353 7

BRE (AR REEP 2 o

% 3-2-1
PR e chiid 1 B

AR Fratw
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