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Abstract

A fundamental study was conducted to analyze the requirements for appropriately reproducing the appearance of
gold leaf on print without metallic inks in cases where accurate colorimetric matching is not possible because of the
large difference in the luminance range. Based on the pixel-wise bidirectional reflectance distribution functions (BRDFs)
and surface normals of a gold leaf sample (a sheet of gold leaf pasted on a sheet of Japanese paper), a wide variety of
print reproductions under different geometric conditions of image rendering and luminance compression were created
using computer graphics. A visual experiment was carried out where the observers evaluated the reproducibility
of the appearance of the original gold leaf sample on the prints. The results of this visual experiment show that the
requirements possibly include the following: (1) spatial change in brightness (or lightness) in the gold leaf region should
be apparent through control over geometric conditions for image rendering, (2) the brightest area in the gold leaf may
not necessarily be as bright as the print gamut, and (3) the darkest area in the gold leaf should be sufficiently dark

when compared with the brightest area.
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Fig.1 Gold leaf sample used in the experiment.

Fig.2 Examples of the captured images used for derivation of
pixel-wise BRDF's and normals.
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Fig.3 Geometric conditions and parameters for image
rendering.

Table 1 Image rendering parameters used to create reflected

radiance images.
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Incident angle [degree]
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Fig.4 Luminance (lightness) compression scheme.
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adopted for image reproduction. Control parameters
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189.0) for each curve.
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Table 2 Evaluation criteria used for the category scaling
experiment regarding the appearance reproduction.
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Fig.7 Results of the category scaling experiment (error bars
represent the 95% confidence limits).
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was calculated.

Japanese paper

Fig9 12, FHWE L, Ly LyDZhZhe, FEERT
55 N7z EEEHIE & OB RT. ZOME,SIE, Ly
ERBEHEME L OMICH L REOHEIED LN, Ly D
AN S WVIT & FERFHIED S 2 A2 EIBBHNL TV D
Tabh, SHEEBNORBOPELKCERET S a
T, BVEHiELE S N A WS A RIE L TV, o%
FTHDH L L LU UL, EEFFEEE OMIZER)
RABIIEERD S N hr o 7.

W, SFHWE L, L, L, ZhoHOMEHE (EH,
BH), BIOERESOHHALHIC X > CHEFHbE
X FUTHET IV E, EEIFHHICL VRESELZ. e

BLHAEEO AR, 0% RIS 5 25k

n, X Q) ITRTETDESNT.
= 0,843, —0.005L;
I L. 2)
~114.376— - 236387 == + 316,309
L, I,
72720, VRAEBEHBEOFAMETH B, b, EHBEGH

BT 5 EHOERIIER FHEO MRS p 123D
&, BECBMOSEMEE p<0.05, BAAOZEMAIX0.10<p &
L7z, Fig.10 12, FEERIZ X VR 5N EBEHHEE 2 o
ETWAZ L B THIE & OB 2R

X (2) X0, FEEHEE AR O P E Ly ©

7.4

B.0 }oeeeeee
g0 foeeees

_y=-0076x+ 10052
i RYs0038 i
1.0

0.0

50 foeeees

Evaluation Value

0.0 20.0 A0.0 60.0 B60.0 1000

L. ¥=-0158xe 18200 2
R =0.551

Evaluation Value

7.0 - - -
31 S S S

40 }oomees ..........
=030 x+ 14157 3

3 [ —— ~R? = ) OBE

20 e

Evaluation Value

LI [ ——

0.0

00 20.0 400 600 B0.G 1000

Fig.9 Relationship between average brightnesses (L;, Lo,
Ls) and subjective evaluation values.
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Fig.10 Relationship of the subjective evaluation values
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Fig.11 Prediction model of the subjective evaluation values

represented as equi-evaluation value curves in the ;-
L, plane.

TWwa, F72, Ny FOGAETIE, Ly & Ly DEHFKR
EL BB I EFHIENE R B HEAICH D Z & bIERETE
B, ETNVOBNSEREMEN SR E CHPLL 2 WHiFH L
VO RO T, Rl L TEVWEHMEESE S RS mE
BE&ME, BBHRAL=80, Ly=65HIETH DI LD
b TOZ ENL, EEFEIBIT 5 RATH O
FE Ly Ofif % HBUAR O KME (RFEERTIX L*=94.5) |2
TEVEICERE L, TER7ZEVEE (/2138 C
SN AT S L3, RO 2 EROLE
FHEE ROV EAUREN. ERRIZ, &0 &V

[52]

X

5806 N727) » M 7)V #37 TlE, L, DfEik
82.6 L ZMUTERE IR, Fo, By T #3D LI
L1=94.9, L,=85.8%, Ly OfEAKEL, 7D, L1k L,
DEFTFIIRENEHITH - TH, R FHIE 2.8 27
Bohlzr—2L Roshi:.

DR ofERE, REBRTHW &Y~ 7V o RO E
RHA X, mEHY Y TVEREEOL 5 2 7R Y
ICEDSLCBDTHY, —HKEORVRER LSS 720121,
FREGMGORRERFMO S E 2 LHILL, L)% DER
AT MENH D (2 21, Fig11 1, FEEBRTHEMAL
T2 TNEY LR Ly dVNS L b BHBEZIT2IT X
DEWEBEHBMEIS SN MEEE R L TVD). KE
Bhrolx, zo—4is LT, FHROESHEOEERE T ¥
b ECTHEENICHET 272008 LT, SOEAFLROWH
BT TRL, (1) BEREDOMEIZX S0 RS L8
S OEAIAE ) SGERE O M Z L2 FIH L, ME
(BAEE) FEfi% 2> ba—)b LT EHEBNIC R % 4k
T52&, (2) RUFRIZLS L S HEBITRE LR AP TS
CEBRWIE, (3) REFIIIRBAEE o4 EEz L - T
Wk, Z2HATVDZ EAVRIEIN.

6. #EE8

KL T, EMRL UM OT I NT =4 7128
W, MEREROM L IR S ICESEEEY 5 7200)
FCOWTHGET 21T o 72, FRIC, W & BiEHBER O
FEL Y UMRECELRY, FE & BB E OB %
BEO—F W r— AL LT, &E07) v NEHE
WY Bz SFHEIROEEY » 7V oEBEGEY 7))~ b
WCEDIER L, BIROFHMEZ S 5 EBFERY1TH 2
LX), EEEROBEY) R FHHLO 720 OB & AT L7

AL R AT D FEBEOIFS TIE, HM BRI O]
FIZXy, P LAFEDOITA T4 v IO 125 L3RS
v —J5, MREFO BRDF RE@EREL, 215
AWCHEGEOL v 5) v 7 fi 208, IRENIEED T
174 Y TEMTCOHGHRO R HERT 5 LATE
L. FOB, REBRCTELNIEME2WITIA T4 27
SR EIEM S 2 e T S, W ORI CTIERET
LI ENREELREHEKTH-TL, Ly v EiEE
TR BEYNHBET L LR E LS.

REBEN ESNIRERE, HFHLAEET Y TLVoK
BRI R Y A X, Lo F ) Y TRED S A T4 v TR Y
WEKIFT 525D THD. HRET DYV TIVRFEMiFERD
ik, Loy v 7 ERERR O S S 2% 2 CHEBRE

EENEDIE e



EHEED 7)) > b IO 720 O BT 425

T, KR 2T A O S8 BIR AR OB R % i 5 2 &
FEHRORETH L. B, EBRTHW&ET >~ 7V,
EFOEFEEHNIHE > 722 OHER Ly - DL DT
Hollzw, ERERLERESHVONAAREZ &%
VW, EBOWEET — A TICEI L 72 & COER AT &
Ehd b ).

SEXE

1) T. Hasegawa, N. Tsumura, T. Nakaguchi, and K. Iino,
Journal of Electronic Imaging, 20 (1), 013006-1 (2011).

2) F. E. Nicodemus, Applied Optics, 4 (7), 767 (1965).

3) BEARENR, THIRLAHAESTHTCEE, 34 (2), 289 (1993).

4) E. D. Palik, “Handbook of Optical Constants of Solids”,
Academic Press (1985).

5) P. Vangorp, J. Laurijssen, and P. Dutre, ACM Trans. on
Graphics, 26 (3) 77:1 (2007).

6) H. Seetzen, W Heidrich, W Stuerzlinger, G Ward, L

B 48 %% 6 5 (2011)

Whitehead, M Trentacoste, A Ghosh, and A Vorozcovs,
ACM Trans. on Graphics, 23 (3), 760 (2004).

7) W. Matusik, B. Ajdin, J. Gu, J. Lawrence, H. P. A. Lensch, F.
Pellacini, and S. Rusinkiewicz, ACM Trans. on Graphics, 28
(5), 128:1 (2009).

8) /NE IR, A B, HARWmBGFREE 46 (5), 375 (2007).

9) 1. Motoyoshi, S. Nishida, L. Sharan, and E. H. Adelson,
Nature, 447 (7141), 206 (2007).

10) K. Devlin, "A review of tone reproduction Techniques”,
Technical Report, University of Bristol, Department of
Computer Science (2002).

11) E. D. Montag and M. D. Fairchild, IJEEE Trans. on Image
Processing, 6 (7), 977 (1997).

12) P. Debevec and J. Malik, in Proc. of SIGGRAPH, 369
(1997).

13) ISO 3664: 2009 (2009).

14) P. G. Engeldrum, "Psychometric Scaling: A Toolkit for
Imaging Systems Development", Imcotek Press (2000).

[53]



