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Proposal and Evaluation of the Baking Method to Apply Visually
Unrecognizable Two-dimensional Code onto Valuable Ceramic
Products

MASAKI FUJIKAWA ™! EIGO NISHIMURA™  SHINGO FUCHI™

Abstract. We propose two technologies for valuable ceramic products produced daily by renowned artists and manufacturers.
The former technology can bake invisible two-dimensional code onto each product in manufacturing process. This very thin code
is made from transparent glass phosphor and allocated between the clay and the glaze layer of the ceramic product. The latter
technology can extract the information from each product with the said code in a non-contact state by using photo shooting and
image processing. The photo image of QR code is taken by the infrared camera and the optical excitation by laser light as the
glass phosphor emits near-infrared light when it receives the said light. We proved the feasibility of these technologies based on
the experiments and found the fact that the baked QR code onto the ceramic could not be seen by naked eyes and the said
information could be extracted correctly. We also described the following considerations: (1) Our technologies satisfied four
requirements, namely, Effects on colors, Difficulty in visibility, Information extraction, and Availability for the artifact-metrics.
(2) Manufacturing cost of the transfer paper was reasonable price. (3) Each product could have different content of QR code by
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using inkjet printing.

Keywords: Two-dimensional code, Glass phosphor, Optical excitation, Image processing, Steganography
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An outline of artifact-metric system.
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Figure 2 Fabrication process from (4) to (8).
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Figure 3 The pattern baking method by using transfer paper.
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Figure 4 Glass phosphor emits near infrared light by optical
excitation.

32 QrROOOOOOOO
O000000DOO0O0O0O0ODOOoO0OoOD QrOObOOO
ooDopmO0OO0O0ODODOOOODOOOODOOO
O0DO0O00CO0ODO0OpBoooDODo0ob0 QrROObDObOOO
oooobDobooooobooooboQQr bOOubOoOoOoOO
O0D000C0DO0O0O0O0ODOO000O0ObOO0OD0OO QrODO
oobooboobooooboooo
o02000000000D000C00DO0O0OODOO
oobooooobobobQrUObDODbDOOOODOODO
oobDO0o0ooOobOoO0oOO0oDbDOoOoboOobooooooboobooon



IPSJ SIG Technical Report

goboooooboboboboobmosooOoooog
goboobooobobobooboobobbobbooboo
gobooooobobobobooo QrboOobboOoDbDOon
goboobooboobbooboboboboobond QR
gooooboooboobooboobobobobooboobon

1

[ 1

EEFZOE®E

— RO B O E
[ mtm [ ] mmmEm [ | weem

O 5 QROOOOOoooood

Figure 5 Baking QR code onto the porcelain products.
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Figure 6 Acquisition of the QR code’s images.
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Figure 7 An image of generated QR code.
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Figure 8 Printed QR code onto the transfer paper.
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Figure 9 Referring method of information.
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Figure 10 Image of the porcelain plate without QR code (left)
and with QR code (right).
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Figure 11 QR code was baked in red frame.
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Table 1  Test results (scatter chart).
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Table 2 Graph of frequency distribution.
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Figure 15 The area to calculate histogram.
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Figure 16 The histogram of area A (Top: plate (1), Center:
plate (2), Bottom: plate (3)).
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