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Fast Simulation of Glazes in Classical Oil Paintings
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Abstract: Computer simulations of paint color formation are potentially applicable to graphics software. In
the “glazing” technique of the classical oil painting, one or more thin transparent layers of paints are applied
to an opaque layer to create delicate color tones that cannot be achieved by color mixture. Its coloring can
be simulated by solving a radiative transfer equation. However, the conventional technique is not suitable
for application to graphics software because it is limited to one color and computational complexity rapidly
increases with precision. Accordingly, we have developed a technique for multiple different paints, and also
propose a numeric solution with high precision and small computational complexity by decomposing a coeffi-
cient matrix and fixing a step size. Furthermore, numerical simulations using data of actual oil paints shows
that computation time for highly precise solutions is reduced to about 4%~7% compared to the conventional

technique.
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Fig. 1 A schematic view and our notation of the glaze model.
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5. BUEET Elias 5AMEH L7z F [10] 12689 . 7272
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TREIEDE ZTIZOWTIER, 7R K% LT HI75]
PEEAL, Bz KD 5.
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b, WARME AL NS EBLIEIZEY, o EHKERL
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KT A FOFEEHEEND, 7, = iAh — Ah/2
(i=1,...,Q) &BL. ¥ XY AD f(7), g(r) 1F—
EMEZ LD ERAL, HEcBIaREHETEIMUT S, 7
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Ti+Ah/2
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T —Ah/2
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T —Ah/2
, i+ A2
M, = / M(s)ds (25)
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72720, Ay = Hij+ Uiy + 128 MM

G 0
P = (27)
0 qQ
t:(tl,...,tQ)t, fI(fl,...,fQ)t,
g = (917"~79Q)t (28)
_ (P T(ur)exp(=h/po)
_(1—MY - M. ..
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3.2 HXRHEROEE

ANEPHET AEERD LD, FHEE, oF
D, THBEOBERIIDZY) pp(ur, pr) ZeIH T 5 0LE
Wb, WE, SRR OWIRE k(T), ERE s(r) 1&
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% EHE

(2) 1751 A %5
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4. SE{EDIRE

4.1 DR EE
C ORISR T, BERILE Q oMz & b vy, 175
A DHDEZ KD B OFTHEENRT 5. £ 2 TR
72T, TR R A2 LIS X D EMEROBIRE X 5.
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a2 ay An—1
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FAbNAH. 121, QIZEbETHRIE AL & F ik
FTA5HE, b)) 123 FWES h 2T 55T
HbH. 2F ) EROGIT Q=117 ZBIRT L4, WH
&, Ah=h/Q =2.33/117 =0.0199... TH Y, HH,
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25, BAIE AL KT 5. 2F 0, A 2 ERICLT
M3 H%E, 1 ERE L-HOMEITHFAASTIETH 5.
—J Ah EEET LA, H, UDHEOENL L Q12
LoTEDbLBID, ZODOLEHEEPLEL D,

ZZT, Ahld—wEE L, BFWNES h 2EHT L)
Fa@BIRT 52 L2k, 5L RO LED, 17
Yl H, U OMEEZHIRT 5. BARMIZIE, £330
T, Q) DIRKIE Quazr D5 LORD, Qraz X Qumaz
DITH Himaw, Umaz ZitHET 5. Qmar > Q(N) L% 5%
Q) 122V T, Hpmazs Umaz @ Q(N) x Q(N) BB5AT
FlafH L, Mt e b 5. 72, FHESR RAF
L, Q < Quae PHAECHERT A2 EHFTHETH S.
Q > Quaz PHETHEREL, Q ZH7212 Quasr & L
THHT 5.

5. EER

FEERRIC LY, REFELIECRFEOFEFH O L5
S OMEE 21T . MATLAB 707 5 A %% L, #l
FIRADA Ny Tk v FRE (tic, toc) 12L&V, Fas
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®1 7077 LAOFETHMOLE #)
Table 1 Comparison of the execution time of programs

(in seconds).

HER LS 30 60 90 120
PERTFH: | 31,10 99.44  185.40  294.21
PREFE 1.64 2.56 3.23 3.92

120000 160000
) o (m?) - =
100000 Macmma
\ —s| 120000 - = —s
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60000 _47%“ 80000 3
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\ 40000 A
20000 S — A
0 ~ 0 \
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50000 - 100000
(m o~y ==K (m?) o~ =¥
40000 - N |——s[— 80000 - ; —
\
, \
30000 Y " 3 60000 l’ “
7\ ! A
20000 S 40000 - s
’ v \ ’ s
10000 N\ At v 20000 ‘ \
\ ’ \\
0 L 0 ==
380 480 580 680 780 380 480 580 680 780
(nm) (nm)
(o) (d)

2 AT 2EB0WIURE k L EERE s D7 T 7. (a) Yellow

lead and tin (Kremer #1#4), (b) Vermillon (Kremer #1#4),

(c) Viridian green (Kremer #£#), (d) Ultramarine blue
(Sennelier #1#4)

Fig. 2 Absorption and scattering coefficients of (a) Yellow lead

and tin, (b) Vermillon, (c) Viridian green, and (d) Ul-

tramarine blue.

T L OFEATHRER 2 51T 5.

TR T ARIABRBIIU T L 2 5.

e N—Fw =7 :SGIUV100
o XEYHET768GB (8GBx96)

e OS : SUSE Linux Enterprise Server 11
o 70T IV FRE I MATLAB Version 7.13.0.564

LB, ERICBWTHRZRIBIEIZIT> T,

9, 4.1 B ClR7ATH E 3RS B R AR B 72
D, ARSMLEWEEE, H, U, M ® 3204752
U CEHES 260 ZAT) . BAEOEIFE R & 1.5,
ERORGE p 2 1 L LT, 1751 A 20 35183 54
REVERFL, 7T 2560 ReREFELL, Th
1100 MEAT L7 AR 1 1SR T. ZAME Ab X
PEAEIFFE CHESE L T % 0.02 2 LT 5 [7].

CDRERDE DB LI, T EHHT A Li2kD,
BERIEE 30 DA T 5%, BERIEEL 120 D46 T 1% #HE
FCRIMERM 2 T A 2 L REE B 5.

KIZ, 4.2 BiCIRARZANAROM— 2 AT I WG L, fTh%
WIGEOFHRFM AR LIS 5. 97, BEAFWIYE [14]
IZBWTEHIIE N7z, B OWIIURE - BEURK T — %
5, #R, KRR, R, BROBEL 1T ORR LA
M35, FHTEET—% %2R 2 IIRT.

REBRTIRAEDO T — & 005 QFEE R, [EE 12um
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D2 TENTLGEOIIRTHET S, &b, ko%E
Eplalfk, BAAOIRITEn 2 1.5, HBOKNKp %1 L L,
1190 AL, FeDFEECTEHEILA R S Nz, 5% L TEtE
TAHHETRD L, Ko7 AlZONT, AFMZE 0, B
A% 0E LT, LUSMEMH L GEV AR EZME, K
BREFHET A, 512, 380nm A5 780nm F T 10nm
G TG % Ko, 24 € b O RGBENEHLT 5.
R2BLOKRIZ I, AREEHK - LrVEEL, 7
LY a OFMEREE 2R3, FHERHIZRARO K E S 12K
BT 5720, ZNENHAIE0.01~0.04 IZDOWTRERIHE LT
W5, HAEOM—% L WGEIZDOWTIE, ZIAIFIZE
WRTBIERIROMEZE L 5. AT LEEE, K207 5
TOFESOMAEET, [F1E/E2E] LLTwb. FBO
W A3 7 B LB S A RBIFRIT R % 25, FHHEERI
ZIZFA—THh 57280, T2 TIHHEEDH AT R BI4E
DIERD A% TR,

F 7o, HAREOR—12 L 2 BFHEEZ TN, FHEREEE
FEI T DR EMGET 5. BRAIHZEE L, H, U TitHA
PLERIHDOH L, BT 72HORE LT 5. BHE
& DORER A U3 A3 R AR X 5 FEA IR —
THAHN, T T AEHEOAHAIEICL L FHEE & D
FIIWRT. T/, £ 3 OETHEMEZE 2 OKETH -
7R L, 4 FEOGARIGIC L 5% & o575
Y EHEER D MR T .

COEBKERLY, H—T 25 GO ERRIE, Fi—L
VIGED A% ~TRRE IS NTEBY, i—F52 &
THHERM % KIBICERTEL I LG 5. T2, FF)
FAENEH VA ERTEREMOEMHRI RN RENT L2 b,
RFEEDEHERE M SRR TH D 2 L2950 5.

HBBEDD, FMEOTOT T LR TOANRY 70D
I8 3 Y THETT BEE ORI 2R,

e 71Ut v Intel(R) Core(TM) i5-2500K CPU @

3.30 GHz

o FFXEY (RAM) :16.0GB

e OS . Windows 7 Professional 64 bit

o U T IV FiE  Gnu Octave version 3.4.3

Gnu Octave &, MATLAB & H{#atE %2 o771 — D
BTy 7 b 27 ThHEH. TOHE, F2 0 Ta/bl
IZOWTIE, ZIAME 0.01 D& 2951.57 #, 0.04 D&
863.60 b ThH ), £ 3 D [a/b] IZDWVTIE, ZAIFE0.01
DA 102.51 8, 0.04 DA 29.765 B TH 5.

KIZ, FHEMEOREICOWTHEAET 5. £ 2 1R, %)
AFZEHE— L] 220 [ZIAIELH 0.01] TH 2550
BB RO EHELIE LT, REEISRET S, i
B2 K& LCRIAERMZEMT L2558, AAREK—
L CRIMEIF M 2 T A E10onT, EHEDER L
W5, oz, AFHEBNAE 0~7/2 12 7/36 4l
HTEAL S 725 19%19 DIEIZOWTZEN LI RGB i &
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Table 2 The execution time of programs (in seconds): segment widths are not unified.

#EETIEEISH Vol.6 No.l

119-127 (Mar. 2013)

&2 07T LOETRE () DHAEEHRE L ewga

ZIAME | a/b a/c a/d b/c b/d c/d Ty
#0.01 | 270.74 181.42 192.1 221.94 229.94 127.25 | 203.90
#0.02 | 149.73 104.57 108.83 123.93 128.71 72.16 114.66
%5 0.03 | 106.95 74.679 78.306 88.95 92.652  51.707 | 82.207
#0.04 | 84.687 59.892 63.278 71.38 73.219  40.929 | 65.564
®3 TUSTLAOFEREE (B) LHEFME AREERK—T 525G

Table 3 The execution time of programs (in seconds) and reuse rates: segment widths

are unified.

H) A1 a/b a/c a/d b/c b/d c/d Sy
0.01 10.628 6.7048 7.1751 7.7433 8.3379  6.9017 | 7.9151
0.02 5.5547  4.1015 4.3042 4.5125  4.7493  4.4489 | 4.6119
0.03 3.9944 3.1588 3.3068 3.3573  3.5241 3.5650 | 3.4844
0.04 3.2254 2,726 2.8005 2.8443 2.9449 3.1513 | 2.9487
S AR 0.0379  0.0410 0.0408 0.0372 0.0379  0.0655
SEFAIAZE | 0.9769  0.9836  0.9842  0.9843  0.9765  0.9476
#& 4 RGB Dtk
Table 4 Comparison of RGB values.

a/b a/c a/d b/c b/d c/d
VBN Y ¥y | 0.2881  0.3047  0.2798  0.0083  0.0259  0.0803
K&ELTAHE | 4| 02051 0.2119  0.2015  0.0082  0.0252  0.0739
BN Y ¥y | 0.0203  0.0092  0.0139  0.0018  0.0055  0.0480
m—3 5 Hk Sk | 0.0199  0.0091  0.0137  0.0018  0.0055  0.0457

Ko, MWL OREOMEEZ LY, P ETHERD .

FEBEOMHZE D T — 5 2 v THIEFEERZ 1T\,

K AIWCUTDO2o00FFEIZOWTIEEL - fERE R, RDS, ERTHEDOR A%~ 7% DF H*F'Ejfjwb%
o HAIEEKELTLHE  [HAREEFK L] » LERRLT.
D [ZIATEDH 0.04] Ltk1E, FTHRIEOIILR &1 & 5 854 5 mEfb %
o HAEEK—T 5 HE  [HAEEHK—T 5] 22D [H) Hig3 & & b1, KFEHANOWIRE & BERE 02t
AIEA0.01] ANOPEL EOWME R, LOVERANEY I 2L —-T
F£ANTRYT 6 FAHHOMAETDOTNTIIBWT, HAIEE vEHRT.
KT DEGEDHPIHEMEDI L DTNAIVNE L o Tn 5, i R 2SRt E, AERLCHEL

VL EDRERD S, AARER T 5 HEE, WARIEEKS
CLCRMIRM 2 BT 2 1k L ), REIMEL RS, 7
O, LY EHEREOEMITEEE 7> TWD 2 LD h 5

TED

T, HHWHEOBETHL 7L — XD, Lk
DY) ERANUHELE 2D L) 12, TEHEEIERICL 5T
FLRE, BEBOT VAR FOEIIET 5 R I2HE
L7.

72, WOHEZE AR OB BEEE BT 2 JERHEO
THIOIRICEB L, Y Ial—YaroEmiftzfro .
BARINZIE, AT Z ¥ T 7)) v I ATH Lo VAT
FIOFHEIZR L, ERTHEME AN L7z, S A0E% FH
E L, WAITBROITH ZFHH L T2 OS5 % FIH S 5

&0, SHIEME I A M 2ElmL 7.
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