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ABSTRACT

Digital archiving for the purpose of protection and inheritance of historical cultural properties gains

momentum in recent years. Especially a highly expressive digital archiving and browsing system for
Japanese swords has been strongly desired because it is difficult to appreciate the beauty of the sword
without precise representation of subtle visual features. Inspired by Japanese sword specialists reading
the aura of colors and patterns while changing relative posture of illumination, sword and eyes, we
develop a Japanese sword digital archiving system with multi-angle and multi-band spectral imaging.
The system is capable of recording and displaying the appearance of the Japanese sword with the
subtle visual features. This paper describes functions and architecture of the system and effectiveness

of archiving images.
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Kissaki : point section of a blade

Mune : back edge of the blade, opposite the cutting edge

Nakago : tang ; the unsharpened base of the blade that fits the
hilt

Ji : flat surface of the blade between the hamon and the
shinogi

Hamon : tempering pattern ; the patterns along the cutting edge
of a blade

Hasaki : blade edge
Hamachi : notch or step-in at the base of the cutting edge where

the tang begins

Shinogi : ridge along the length of a blade between the edge and
the back

Nie : bright crystals of steel in the hamon large enough to
be visible without magnification

Nioi : fine steel crystals that are not visible to the naked eye
and that give a misty appearance to the jihada

Jihada  : various steel texture patterns on the ji of a blade

Fig.1 Japanese sword terminology.”

LoL, MEmTHY, JER, Bibetdn, X
HEAT 2 BARTIOREZITE W ERE & BB A2 L,

HHZUACTIIRGICEA R EEERE T 52 &
NEELLS, FXa ALV MAXYy FICLkBT7T—HA7
T, B, AHEROBERE NOFT LA A—
DL ICTRRED B o Tz

T, HEMREREMNELE INTEEAAT]
DR OFEER A EfE O 5 g T — 2 & LT
5, RETHZLEAREE L, HEMFEOHATOAR
KIJOBIEE, BREZRHTHIEEZHBE LT,
HARINT O ENVNT —HA T AT L& LT

AT LOHE

AAINE A (29, 50 JRIOEN) EFET
Wiisipl, FnERR~Ia, 7 allEA ORR
EHTD.

HARTIOR 21X, BEANO TR TAELL~ALT v
AN, M—RZA N EDR DSBS
ik vkEn, e HOBER, ALLENTLD
BAEV, #aE (2x) , 8 (kW) Lnof
EEREND. 7272 L, RO EO TRIZE S
RO E, MELOBEIEEIZ L0 53 210N 2EiE
Wo~=vTF YA MhiZe EIC X A8ELEIC S, AR
TIDORZ DRI E N 5.

AAINIERE Ty & L, REIXIFEERTH Y,
HARJIFREIC AT DH0I1T LA ETERS HHIZ
BT D. 20D, —aRFET v
R E Lo Elifg7e &, fap cE G I hoxtg
MOEZEFHIT 5 &9 e, Rl LA PR L THIL
BRI EBGT 204 T 0 h T, RO
/NTR MY T OHGELIZ K D PR 70 IE BURDIE D 270581
L, HRARERABST 52 LIETE R,

Fiz, NIBARITIOEK L JFT O 2R 5
7o, HLEICERE L CHkD, FTHEEL, 505
AETHRINZOSL, &6 UMAE CHET 5.
TRAR A, MAKEEZ D01, HAJTIOREMN
b XSHETE DNALE, BENTHHEE L) H8I%
LTWbEnbThD.

Ricoh Technical Report No.39

JANUARY, 2014



HAT) 2824 HEROUMAE, A EOZ1L
BT DHARTORZICELIBRERZ D120,
Fig2lZ R T HFR T, HARIOEA SR E %
FHRI L7, BARJTIOMIEIZx Lo=23.5 (deg) T4
FFtEBEE L, BARINCH Lotit s B LA T
7 MIRDF IR ZRE L. Figl3llmnRd
X912, ACH, THI22DZEALTIEH D 4%, B=29.5
(deg) DL xR, B=32.5 (deg) THITIH~
THONMBEL TWDHONRS15. BARINIEET
b BT, “EERSET VOB IZRWV, Al
BNTYH, BIRTOHMSEBORENHETH D Z
LIRS,

I P,

Japanesel sword
|

Fig.2 Measurement system of bidirectional spectral

reflectance of Japanese sword.
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Fig.3 Bidirectional spectral reflectance of Japanese
sword.
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(a) Imaging mode

(b) Front door and upper cover open situation

Fig.4 Japanese Sword Digital Archiving System.
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Table 1 Specification of Japanese sword digital
archiving System.

Available size of sword

W120 mm X L1200 mm (MAX)

Image sensor

CCD linear sensor 4096 pixels

Resolution

30 um/pixel

Lighting

Xenon light source

Image acquisition method

Multi band scanning

The number of colors

6

Optical system

Multi-angle illumination and
capturing

Translation device of
optical system

Linear motor

Imaging time

1 min. (capturing 6 images of 1.2 m
sword)

Dimensions

W1650 mm X D530 mm X H1050 mm

Weight

85 kg
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Fig.5 The transmittance 6 bands spectral filter.
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Fig.6  Spectral images of Japanese sword.
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(a) Captured by the RGB scanner

“Hamon”

(b) RGB image synthesized 6bands images

Fig.7 Archive image.Figure caption.
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Fig.8 Imaging optical system.
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Fig.10 Operation screen of Japanese Sword Archiving
System.
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Fig.12 Structure of drawer.
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Fig.13 The effect of color correction.
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(a) Image deterioration by shading of optical system
(b) Result of shading compensation

(c) Effect of shading compensation in whole image of
sword
Upper image: Image deterioration by shading
Lower image: Result of shading compensation

Fig.14 The effect of shading compensation of optical
system.
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(a) Brightness distribution due to the shape of the
Japanese sword

(c) Zernike function approximation of (b)

(d) The correction data of brightness distribution

(e) The corrected result of brightness distribution due to
the shape of the Japanese sword

Fig.15 The effect of brightness distribution correction.
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(a) Result by non-expert of Japanese sword

(b) Result by expert of Japanese sword

Fig.16 Results of image synthesis using proposed
system by expert and non-expert of Japanese
sword.
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Fig.17 Visibility improvement of Hamon by multi-angle
optical system.
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RIS, T—0A 7IE#HZEL TR AT A TH
R, TR SN BRIROEBR & LT, FEEE ED
D RN OB FH & Fig 1812/~ 9. Z OXN$IT
ME% KJJ & Bhal (Tadk) 0 (EAE)
O THX (TFH) | EWHELcHENRTZHOT
bDH. FEEIELS, M<AENTEY, HHETORE
BIIFEN DT> T E LTHRETH Y, A
AT ATIE U THEGR TE /2. Fig.18 ()l it
FROIEWEL I ZHBAE CORBEGTBZRT.
Fig.18 (a)" D HFMNIZIZM b BEE SN0, HAR
JIF Wk LA A4 (deg) VL Tlo & X,
Fig.18 (O RT L 5 ICKIE OGN B LD 5.
Fig.18 ()T T LA 7 U MIKERKKFN LA 7D R T
bV, AFLEPHERTED. TIEE LRMANT,
BUIR, FE ek Roh-o T, BFEHIN Z
DI LNEE T D 1EE O M7 R34 1%
O HAARITIMNREEFOLERNH DN, KEFO X DI
TR OB T VX NT — A T DIODHE
HAiETH D EHZD.

(a) In 41 degrees imaging angle and 51 degrees
illuminating angle

(b) In 45 degrees imaging angle

(c) In 50 degrees imaging angle

Fig.18 The example of visualization of characteristics
not to be noticed.
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REL LT, Eh, @BMEOTEOBMAIZED,
HATIO R 255 T) TR Bk, BGE Sz,

] STV DMEHCRER 22 & ORI, 453K% b
ETDHATMREICETDLEZAD. LD, HA
NEEDELGNY TS EMIEA D LT, &K

ME DRI e AL DA D—Bh & 725 Z L ZE D .
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