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Digital Watermarking Technique Using Spatially Modulated Illlumination

Yasunori ISHIKAWA®* Kazutake UEHIRA® and Kazuhisa YANAKA®

This paper describes a novel technology with which the images of objects with no copyright protection can
contain invisible digital watermarking, using spatially modulated illumination. This technology enables the
photographed image of non-electrical objects such as classical pictures in museums to contain digital
watermarking, without any physical modifications to the objects themselves. We conducted experiments where
one-bit binary data were embedded in one block that consisted of 8 X8 pixels using the phase of the highest
frequency component generated by DCT. The experimental results revealed that embedded data could be read
out with almost 100% accuracy. This amply demonstrates the feasibility of the technology described in this
paper.

Keywords : Digital watermarking, Illuminated digital watermarking, Spatially modulated illumination, DCT,
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Fig.1 Basic concept underlying proposed technology.
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Fig.2 Illumination watermarking procedure using DCT.
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Fig.3(a)
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Fig.3(b)
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32 EHRMEOIE LFESE
KE, L E2ECHEROMEFMO-S, FHEMEE LTk
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a BAEOLMEITH & &b, EREMET — & 28T 5 PSNR
Image used in experiment (a) SCID N2. EZEET 5. 90 LB BENGT — & OmFEH
#x,3G.7), BEPLENDRAAZNGT — & OWMEMEE x,(,
kT nk,
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PSNR=—10log— 3557 (3)
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ez AW TRkEZTY, BonW%s 7)) v ML BUEY
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. AN —rhrooiEE (ThbEHEFM) LX) EriTo
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: FIINAATITL B TSE e 2 ER L, JPEG I
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5) LT 1/10 005 1720 BETH B, ZofEid, —E%
FIUINAATOEBET 7 ANV 7 +—<v MIBWT, JPEG
JEMEREED 7 74 Y E—FH L0/ —< I E- FELFEN
LZREONBHEEZMEELTWA. 22T, LI EEHE
DERT— Z12%) LT IrfanView ver. 425 12 & % JPEG JET] 3%
F#HICEVH /2007 =7 BICEMK L0 BHAELEERT
— &1 LT, 31 Tl FMES & 0 IEMREOFHID Z 1T\,
7232 DFMEIZ L ) PSNREDMZEETT .

4. #& S
FEFFE RIS OWTU TICHAT 5.

Image used in experiment (c) SCID N6.
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BH#B LT3 o0z E# (SCID N2, N5, N6) 12xfL T
KE,FLEZREL, BBELAYy VOFRELRLERY
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Fig.4(a) Accuracy of reading out data: White-paper
(1-block evaluation).
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Fig.5(a) Accuracy of reading out data: SCID N2 (1-block
evaluation).
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B, WRERICEST S RILOEEEIIOWCHES%
HetTko k) ZllE®iTo7. DCE Bbit) A% 525
PLEHREET LV (Thbb HC=0) FREAXE AKICES
L72AZ ) -2 BEFHCIVMELER BEOEHE
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T 90.0 cd/m? DC=200 T 300 cd/m? TH - 7.
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Fig.4(b) Accuracy of reading out data: White—paper
(Majority of 3-block evaluation).
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Fig.5(b) Accuracy of reading out data: SCID.N2 (Majority
of 3-block evaluation).
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Fig.6(a) Accuracy of reading out data: SCID N6 (1-block Fig.6(b) Accuracy of reading out data: SCID N6 (Majority
evaluation). of 3-block evaluation).
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Fig.7(a) Accuracy of reading out data:SCID N5 (1-block
evaluation).
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Fig.8 PSNR of the image projected with illuminated water-
mark : White-paper.
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Fig.10 PSNR of the image projected with illuminated
watermark : SCID N6.
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Fig.7(b) Accuracy of reading out data: SCID N5 (Majority
of 3-block evaluation).
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Fig.9 PSNR of the image projected with illuminated water-
mark : SCID N2.
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Fig.11 PSNR of the image projected with illuminated
watermark : SCID Nb.
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