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Correcting for Non-Uniform Illumination When Photographing the Mural in the Royal Tomb of Amenophis III (I)

Development of an Illumination Model and Its Verification
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Abstract We are attempting to digitize the mural at the royal tomb of Amenophis III, one of the pharaohs of ancient Egypt. When
photographing the mural, two strobe lights with umbrellas were used to provide uniform illumination. However, it was difficult
to illuminate uniformly. We tried to correct this non-uniform illumination by applying an illumination model in which a strobe
and an umbrella were assumed as a point light source located at a long distance. The illumination model was verified for model
mural images with white patches and with uniform backgrounds instead of white patches.

F—T—F {07 EEEEN, RE—-RPORTIE, BUe 7, REOLE, 7 Av~7 73k
Key words: mural of royal tomb of pharaoh, non-uniform illumination, illumination model, virtual point light source, Amenophis III

1. FL&IC

IO e A7) —ADEFRORICHRZ O ET 2 v
~F 7 3MOFEENSH D, IE82m, BITX 154m, 55X 3.1m
(—&8 4.7m) DHZEEDBEC [7 4 Ko 7 FE] Miirhn T
W5 B OMEENERTES X5 RBRECABTSZ &
HAHICEE, T4 A7V A LICEFKRTERTEDL LS5,
ZOBEE O F U x AEEILEAT 5> T B D BEE A K
2mx3m DIy T EHEL, FNFhE 2100 FEFE T 99
B L, Zhbo/NERHLERICL > TR EEREOF
BHGE2ER L T\ 5b. IbIAbRESL, HARIO%

BETH & L I KEREER LDo2H 5.

BEE AN DB H—1cT 57D, EANLT VIV IH
DI 2T DA~ v REBEECIRA L CRE LT > T\ 5.
L2L, BRI HHERCA P e ROR Yy —RENTHRTES
PHWRET S Z EnTET, OB MR85 DrHET
5.

BEMEEERE CLIfT S IV RRE TR L Tc & & DIFEE 57
AT —BHOMEN T T 5. T, BESH
EEEXTHEL LT, MIENThI TV Y, HaHEE GO
FUY RBRECL 2RAPAVSRTWE D Hrix, A b
aARET VTV INLDORIANEEGRE AL, Thrd

SR 234E 8 A 29 HAZAF SERL23 4 11 H 7 H32H  Received 29th, August 2011, Accepted 7th, November 2011

FH R TR T T 243-0297 PSSR AR IL 1583

*Faculty of Engineering, Tokyo Polytechnic University, 1583 liyama, Atsugi, Kanagawa 243-0297, Japan

T RERY T T 135-8548  HURUHSVL AU X &I 3-7-5

**College of Engineering, Shibaura Institute of Technology, 3-7-5 Toyosu, Koto-ku, Tokyo 135-8548, Japan

sk S — ke FUE R T 162-0853  BGUHRETIE AL ILRET 1-11

*** Faculty of World Heritage, Cyber University, 1-11 Kitayamabushi-cho, Shinjuku-ku, Tokyo 162-0853, Japan

week ELER A T 169-8555  BURTHNHTE X A A (R 3-4-1

*rk Waseda University, 3-4-1 Ohkubo, Shinjuku-ku, Tokyo 169-8555, Japan



RI o gk « Vi« T« FERE « KB« 4500 < 35
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Strobe
light

Umbrella \—/1

Virtual point\(‘:)
light source
Fig. 1 Illumination model in which illumination provided by light from

a strobe light reflected from an umbrella is assumed to act as a
virtual point light source.

Point light source

Fig. 2 Geometric arrangement of a light source and mural.
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Fig. 3 Correction method of illuminance.
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Fig. 4 Original images illuminated solely from the right-hand side (a) and the corrected ones by using the proposed model (b) and two-dimensional
second-order polynomial model (c). The lower figures (d), (e) and (f) show tristimulus values Y of white patches in corresponding above images.
Standard deviations o are 0.109, 0.007 and 0.028, respectively.
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Fig. 5 Graphs of inverse square formula and second-order polynomial. Fig. 6 Extraction of backgrounds which is assumed to same color.
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Fig. 7 Original images of the simulated model mural (a), (b) and (c), which are the images photographed with left-hand side, both sides and right-hand
side illumination, and corrected images by using the proposed illumination model (d), (e) and (f), respectively.
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Table 1 Standard deviations of back ground tristimulus values Y for original and corrected images by using

two models. Ratio iS Gyp,/Grg-

Corrected image

Original image

Lighting side Point light source model Second-order polynomial model
Gorg Oeorr Ratio (%) Georr Ratio (%)
Left 0.158 0.021 13 0.034 22
Both 0.055 0.008 15 0.008 15
Right 0.109 0.007 6 0.028 26
mean 11 21
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Original image Corrected image
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Fig. 8 Tristimulus values Y of backgrounds in original and corrected images shown in Fig. 7 (c) and (f). Standard deviations ¢ are 0.046 and 0.011,

respectively.
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