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A Printing Support System for
Invisible Barcode Technology

Korcur Kamuo, 42 Gang Zuana,! Nosoru Kamio, !
MASATERU MINAMI' and HIROYUKI MORIKAWA 3

As digitalization pervades, demands to connect paper media and digital
worlds are increasing. To address these demands, an invisible barcode tech-
nology was proposed. In this technology, we overprint invisible barcodes on
printed articles and extract the information by illuminating it with a blacklight
LED. However, data extraction sometimes doesn’t work depending on the com-
bination of invisible ink, the ink used in the article, and other conditions. To
address this problem, we propose a printing support system. In this technol-
ogy, we first simulate an image with a blacklight-illuminated invisible barcode,
then extract the barcode information from the simulated image. Parameters
to simulate such an image is calculated by pairs of test images. By continuing

the simulation and extraction with various locations, we can lay out the in-
visible barcodes at appropriate location. Experimental results proved that our
printing support system can simulate the extraction results from the actually
illuminated images, lay out the invisible barcodes with appropriate position,
and can be installed in DTP.
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Fig.1 An invisible barcode ((a) The image without the blacklight illuminated. (b) The image with
the blacklight illuminated).
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Fig.2 The structure and the process of the printing support system.
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Fig.3 An object reflects lights and taken by a camera.
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Fig.4 A spectrum transformation model.

0000000000000 000000000000000000000000O000o
0000000000000 0000000000000000000DO0ooooooon
00000000000000000000000000000000000oooooon
0000000000000 000000DO00000000oooooooooooon
0000000000000 ooooooooooo0000o0o0oooOooooo
gdo30000000b0b00o0bOobDo0bDoobO0ooDoobDo0obOoobOoDoa
ddodddoboooooooooboooooboooodoooooooooooa
000000 f[LbOOOoooD4MO0O0DODOO0ODOODODOOODOODDOODOOOOODOODO
oooooooo00o0oooO0o00ooO0O0U0 H,OOOOOODOOOOH, 000 H O
00000000000 HsOOOOOOHsOOOoOooooooooooooooooo
goooO0o0oOooOoOoOOO0OO0oOoU0O0U0UOoOoOoOoOoDOoOoOOOODOOoUOOODOOO
0000000000000 000 HsO Cheungd OO0 Polynomialmodell5)DDDD
Polynomial model0 00000000 OPolynomial model 000000000 O0O0OONO
O000o0oo0oooo+<00000 RGBOOOO (rs,9:,b,) 00000000000
ooooooooood (rm,9:,0) 0000000 mOUOOOOOOOOODODOOOOOO
U0000000m=1400000 (r4, gi, b, 7igi, 7ibi, gibi, 17, g7, b2, 1:gibi, 73, g2, b2, 1)
0 1400000000000000000C0 1M00opo0o0oooooooooooog
oorRGBOOOOOOODO ,0¢;006, 0000000000000 mE’]:[ri,gi,bi]TD
0000000 [J00000000000U0o0DoO0oUoU0o0DooOoooOoooDOOO

(© 2009 Information Processing Society of Japan



2611 O0000O0OO0OO0OOCOOOOOO0OOOOOO

0 1 Cheung 0000 Polynomial model
Table 1 Polynomial model by Cheung, et al.

m Augmented matrix

3 T g b

5 T g b rgb 1

7 r g b rg rb  gb 1

8 T g b rg rb  gb rgb 1

10 | » g b rg rb  gb r2 g2 b2 1
11 | » g b rg rb  gb r? g2 b2 rgb
14 | r g b rg rb  gb r? g2 b2 rgb
17 | r g b rg rb  gb r2 g2 b2 rgb
20| » g b rg rb  gb r? g2 b2 rgb

w M
w

T g b3 1
2, 4% b3 3 4 B3 1
29 g’b  br r?b  g%r b2y rs g° b3 1

303

ooooooooooooooo 2@ =[,¢,8)7 00000000 Hs0000000
Do« 002 DoDDODODOODOODOODOD (1)00000000000000
0000000000000 Polynomial model 01000000

(3]

ar:£3]l =zx; [m]

+ (Pjcosb; + Qjcos” p)x; " +ws, 1€G;,j=0,1 (2)

000000002M™ 00Polynomial model 00 0000000000P, 000 Q;00
000000000000 3xmO000000000000000000000O000
0 H;00000000000000000000000000000000000000
0000000000000000000000000000000000000000
0000000000000000000000000000000000 (2)00000
000000000000000000000000000000000006G000 G
0000006, 000 p;,00000000000000000000000000000
0000000000000w;00000000000000000000000000
00000000000000

pn<w>=mexp(—§[az—u]%1[w—m) 3)
0000s00000000000000000RGBOOD0 s =30 p=[ur, pg, ]* O
RGBDDDDDDDDDDDDDDDDDDDDDDDDDDDQ::[Ar,Ag,Ab]T[I
RGBOODOODODODOODODODODODODODODODOSOOOOOOOOOOOOO
ooo

000oooooog Vol 50 No. 11 2607-2617 (Nov. 2009)

Orb Ogb Tbb

oooo

24 0O00O00O0OO0ODOOOOOOODO

0 (20000006, 000 p, 00000000 LEDODODODOOOODDOODOO
0000oo0o000o0o0000000000 OO0 ;0000000000000
goooooooooooooob1boboo0ooooboboboooooobooDbobOoOn
gooobooooooooooooooboboooobooO «cO0DO0O0O0O0OOODODbDO
00000000000000000 £2"0000000000 2”00 (2)000000
00 2 00000000000000000000D000000D0000

vy=> lal a2 P =01 (5)
i€G;
000000C0O0O00000000000000000000000000000000O0
0000D00000000000000000MO0000000000 (2)0 22 00 (5)
00000Yy;0 P,000 Q;00000000000000000Y;0 PO0Q,000
00000000000 0000000C0 0000000000000000000000
0Y; /0pjuw = 0Y;/0qj,u0 =0, (6)
1=0,1,u=123v=1,..,m,

(© 2009 Information Processing Society of Japan



2612 0000O0O0O0OOOOOOOO0OOOOOO

0000pjuel i, 000P0Q;0 w0 00000000000 ;=00100000
00 6mO0000000000 jO0000000P;0Q;000000
0000000000000000»00000000000-,0000000000
00000000000000000Y000000 000000000 (5000
000 (5)000000000»20000000000000000000000000
0w, =0000000000
0000000000000000000000000000000000000000
0000000000000000 (2)0000000000000000

2.5 0000000
0000000000000000000000000000000000000000
00000000000000000000000000000000000000000
00000000000000000000000000000000000000000
00000000000000000000000000000000000000000
00000000000000000000000000000000000000000
00000000000000000000000000000000000000000
00000000000000000000000000000000000000000
0000000000000000000000000000000000000000

3. O u

31 0000
gbooooboooboobooooboobodobooooobooooobooobooooooono
0020000000000 QRODOCOOOOOOOOO0OOO0OOOOOOO0OO0O
goboboobooooooodoboooobooooooboOoooooboOoooooono 30
gooobooboodooooooooooboooooobooooooooDoobOoooooon
gobooobooooobol10o0ooboooobooooobo 1100000
gbobooouobooooboboooooboooOobooboOoOoOooooOoOoOoOoboboOoOooOooOoboo
000000000000000000000Y 000000000000000000
00000000000000000 Lexmark Z1420000000
0000000000000000000 auW2ICAIOOD 5000000000
ogoooooooOO LEDOOOOODOODOOOOOOOOOOOOCOOOOOOOO
gobooooo4ammO0000000O000O0O0O0OCOOOOOO

000oooooog Vol 50 No. 11 2607-2617 (Nov. 2009)

Ta=25°C, =20 mA

L]

(=] (=]
s -
[

HHRE (au)

[=]

ES o
[—

Vsl

0 T

300 325 350 3715 400 425 450
HE A (hm
05 OJOO0OOOOOOOOOO LEDOOOOOODOO
Fig.5 Light spectrum of the blacklight LED used in the prototype cell phone.
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Fig.6 The article used for the experiment and bit error ratio ((a) article, (b) simulation results
with ¢ = 0.0, (c) simulation results with o = 10.0, (d) simulation results with o = 20.0).
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Fig.8 Images for the experiment at Location 1, 2, and 3. (a) Actual illuminated photo images,
simulated images with (b) o = 0.0, (¢) o = 10.0, and (d) ¢ = 20.0. For ¢ = 0.0, PSNRs
between the actual images are calculated.
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Table 2 Experimental results.

Location 1 (Good) Location 2 (Medium) Location 3 (Bad)
Simulated Actual Simulated Actual Simulated Actual
noise (o) 0.0 | 10.0 | 20.0 - 0.0 | 10.0 | 20.0 - 0.0 | 10.0 | 20.0 -
[A] 1 5 0 1 1 0 0 0 0 0 0
[B] 0 | o 5 0 4 1 1 0 0 0 0
[C] 0 0 0 0 0 0 4 0 1 5 5 1
Bit Error (%) | 0.21 | 2.65 | 9.81 3.45 1.32 | 6.45 |43.10| 8.11 - - - -
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