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Development of an optical scanner for Dome Fuji II ice core project
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Abstract:  An optical scanner for stratigraphical study was developed for the Dome
Fuji ice core project II.  The optical scanner measures two-dimensional light scatter-
ing intensities and records optical structures of ice cores. We developed the scanner
hardware and control software. The line scanner is controlled by a personal computer
and is constructed for automatic measurement. The sliding speed of the scanner is
about 5 mm per second and, therefore, one ice core sample with a standard length for
our sample processes (1.5 m long) can be measured within about six minutes. The line
scanner was transported to Dome Fuji Station, Antarctica, by the wintering party of
the 44th Japanese Antarctic Research Expedition (JARE-44), and will be used for
Dome Fuji II ice core measurement by the JARE-45 summer party and successive
parties.
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HIERIRETH 5. T DOREE 35 44 UGN ¥ — & 3 UBIHABLS A L,
545 IREBX D iR & 2 88 2 7 REI O BUGHITILE I SN2 FETH 5.

. FU®»Iic

KR 2 7 DREAHEE Z SRR FOHEEROLRBIC X DIEkS N, H<hoianT
W5 (] 213 Benson, 1962; Watanabe et al., 1978). 7z, KIRKICWEEELZ T TR, MET
b B HBEEM T SHER L, KRPICH 0 AE N TOL, FIZIEE, F—2435L 3 7% Vostok
I 7ITIRKEE O ERER TR EGE N TV T EXMERS N TWS  (Fujii etal, 1999;
Basile et al., 2001). ‘KLJKJE1Z, S0 a7 2 ks 2885 1 EFERORER E LY, 2
THEROPEICERE LS EE AT 720, Z0BRBEHBO CERETH L. F/, ) —vF
YROaTIZBWT, METE7 59 F 4NV FEZ ) T B, FEE L THEABREICH
HENTO3 (Meeseet al., 1997). Dk 5 1KKa 7 OBAMEHEDORIE L, RE-ORKRT
PEEOEEI ENAFETH D, HEREE T AHO—D &5, L L, KK TS
DA E - 72 1950 R0 5 1990 FEARFIRED 7 ) — v 5 v FOKIRWFFZETHE 2 (GISP2) (Meese
et al, 1997; Alley et al, 1997) 7T, ZTOHIEGHBICX2HETITODN TS/, BERA
Ve F YR =7 D7 NV=TIC K OFEMMERE (54 Y2 F ¢ ) BTSN, L7
) — v 5 v N3 7IREENTETE (NGRIP) THRINEN/aTD 7 59 F 4 /XY FIRED
K 7 RS OFCERIC R L T W A (Dahl-Jensen et al., 2002). =7z, [6] U@ %MW T,
FAt Dome C @ 7, W DML (Dronning Maud Land) 2 7 QHIEMNTHONTWS (S
Kipfstuhl, FA(3).

B r—alUKKa T 7Y b (D T SIS T, 2500m %EE T
I T7HERE N, w32 TEE TORERF oMMk L (FlAE, Watanabe et al,
1999). HE M N —23UKKa7 7o v=2 + QTS ] EFE) FHETIE, S
TOHEHNC X 2875 80 JTHEAT £ TORBEIEROMIZBIE L, % 45 REK » S¥ricickm
»oIEEIZ BT 2 FETH 5. H-WTIE, BRICL 2IEHIB X OREHTOKE 2 7 iR
B (DIsk TBUEMENT ] LIRS Th-tofodd, BENIT 2 Eick DIEEDE~ANH A
L, FEEICK M1 %1T -7 (Fujita et al, 2002). —77, H_JEHETE, BBICHE
L 7SR R oIS FE S N, £ 7 ABEIEOHIRRD SBS o ABSRS N 5 2 &
Mo, A bsNcEENNLETH S, £CT, BEfbshIiokKKa 7Ol HO
Y Fv =, KKRa 7% v 7 VOESHIEEREEE (/IX06, BREERET), £ L OobtyEhar
SCEREEOBFESITON .. AR TIE, FHRICEIBEIF L /oA E O & [EN
TORBFERIC > W TR 3,
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2.1, EBOHE

M 1IcEEOHE, X2 KB EES, X3 ICHEMOREEZRYT. £ ICEEICHL
FHEBR O RN A . B, oR Y 'Y 2 — L (BEIR), BERIEICH W 38EE CCD
(Charge Coupled Device) # #* 5 DHlliER, HONIHEEERFT LTV IV ET AT v F,
Z L ChEs DR & BRI D 1A A B L CHIGUERZ1T5 ¥y 3~ (PC) oMk E LT
5, WERIFa Ry bEY 2 - VOKERIICRE L, KKa 73 v 7 Vllicih - TS E
52 LTk, YL ERICOILOMET S, ThZhoEsOMIcE, v 7 <tk
BLOEARETIEREHR L. BEFELAEER, v —%— T2 5 75E (Takata and Fujii,
2000) ZHEAE Lz, L=+ — TS5 7HER, 4+ FVOE? S L —F A RBEL,
90 FEF ) S ELELEE CCD 1 2 5 TR 2 IER K TH b, BHFE L 7o %6E & 3IREA
DAHMERIED, TORDRTERD CCD A A TRFIIINEFA Ty FER, @l
MTh 5.

Measurement unit

] Ice core sample

Base frame Base frame IR (@)

(angle) ( profile)

Robot module

(moving stage) §§mmmmmm&gmmc&mzm

1 EEOBEX. (@) FEX, (b) MHEK. EEE, ofy bEY2 -, BBE, a7ES

FUA, HESRP O ENTVS, oXy FEY 2 —VOBEIR 7 — JITHUT T 72HIE
s, KR 74 v 7 VCih > THEIT 2 2 Licky, SRICOILOAEERTY. Ko
2R3 24m TH 5.

Fig. 1. Design image of equipment. (a) View from top. (b) View from front. The equipment was
made from a robot module, base frame, ice core sample tray, and a measurement unit. The
measurement unit was mounted on the movable stage of the robot module and moves along
an ice core sample in order to measure the samples along the whole length. The width of
the equipment is about 2.4 m.
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2 HEEOLFEHR
Fig. 2. A picture of the equipment.

SAVZF Y FIR, K3IRT LI, SHIKKRITH Y 7oy Fr oS L, 8%
HuTkgts, v 7 VicBftd 5. lIET 2KKa 74 v 7 v, L CCD 71 £ 5
ICECE L, CCD 71 A J 34 v 7 IVNES TR U 7ol A [al O B ELERERE © —IRoe/0 i 2 i
5. KD S DEFEN, CCD A A FITHEBEAG LIZWicy, ¥ v 7 VN THREELDEE C
SIWIGAIRREL, MOEHELSEEC 255132 ES, h A 5L v X0ESHIE, v 7
o FOXRMICE S &5 MEEFEHITS. oFy hEY2—0E, PC O RS232CHEBT
AT,

C 1213, Canopus (HBIDHEEEL O IAH R — FBEEINTE D, CCD 714 53 THLN3S

g EZBEZNCREFTE 5. CCD /1 4 5 THRLNZERORHERG 1/30Thh, C
NODMEE%E PCON—FT 4 27 LIRET 2. ZDcd, REDT — 5 % mHicitiRd
BYEMNH O, THITHIELIREY 2R T A BNETH 5. PR ERBRBICBVT, &
RU=F 4 VI VAT A (0S) A VA F=NVENIN=FF 4 ZZ7ICCCD A A TMHLD

E§ 2R L5 E, RIEERESBEV O FRP CTEBOLESIEE > TLEI T EnH -
72, TCT, OSISA YR b= IWENTN—=FF 4 27 @2 EDNN— K57 1 R 7 %8%
Lic. TD2HDN—FF 4 R 7% PC I L 7o Adaptec 11510 RAID (Redundant Array
of Independent Disks) & — FIZ#fE L, RAID L ~<L 0 (E|EEIAA) ITRET 52 & T,
RAEBETEEE ZIAB D AIEEL EE O RAFRIBE MR L 7o, 1832 L BB A A K — F
I3, CCD # A 5 THE Lclifg% PCIKl VAL L &b, FYIVEFA T F2HIHT
AEEIG I LTWAE. £, T PCRIMETESNICEE? S, KIKa T4 v 7 IVEE
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drive on PC. An image of ice core sample was obtained by image analysis of the obtained

Mirror LED light

images along the ice sample.

WiEOUEHOBE. Sl & ORFITRET L, K 74 > Tvichly s oAb
T5. %I un o OEDLEEDSTIE CCD 7 2 5 TR, TV reET4 L
PCIZIRfFS N 5. PCITIRIE L oG 2 i iU 4 5 & s L O JRE L 7okIRa 7 4~
TIVEROIEES5.
Detailed drawing of the measurement unit.
irradiated on to the ice core sample.

LED lights were reflected by mirrors and
A CCD camera detected the distribution of scattering
light intensity and obtained images were recorded in a digital video recorder and hard disk
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Table 1. Details of system components.
Device component Maker Model
Robot module NSK XY-HRS200-RH409
CCD camera Toshiba IK-C40
Lens Canon VF25 1.4 with 5mm extensiton ring
Light source Imac IDB-100/11W

Mirror

Computer

Capture board

RAID board

Digital video recorder

Base frame

Siguma Kouki
Tukumo Denki
Canopus
Adaptec

Sony

Meiritu Seiki

TFA-6080R12-0.3
TH-Series H
DVStorm-RT Light
ATA RAID 1200A
DSR-30

50 mm alminium profile
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VRS B 12D DMTIC b RIS 2. £, F—9 N0 07 v 7Dk, F—F—H—sN—
Ik 5 728 @ LAN (Local Area Network) & — K, SCSI (Small Computer System Inter-
face) ¥ — K, DVD-R (Digital Versatile Disk Recordable) 3 A 7l xhTh b, 55
NBIATEED/ Ny 7T TEHEEZ TV 5,

BIER, KR 74 v 7 VIEHAO I 7EE P LA IKEE L, ITEE M LA OEMICIE
& 50mm O Z Y 5 FAS1700mm EiCHb 0 oNTEY, T IhoBE@EL RO AS S
5. buAZFIETAEEE, WEHC D 7 2ECEHIPEL, BoedTwa 7 AL eITE
3w, Et, MEHOY v T IAEOEER T Imm NICK 2 L5130 ThHb. 5
HEOOREYEE b LA Ol OmE» 5, b v A IKEFEA T .

ARNE L, SEHEEEHET 5720, AIEICHW 20N » 5 DHA CCD #1 £ FITAS
WL IITT 2HNENH L. D, X2 OARBTEBZEV, SABECEEN —F v 21
DA, BEEZERAE - 72

22, AERDEE
22.1. LvX

B -25UEET 7, BICRIREN TV 2 2500m EE Tld 2 7 ORFEICESN
BEPNTWA, O, a7 oUMER/NRCHD 2 TELB-TWS, fEllanzsa7
DEFEIL 94mm TH D (Takahashiet al., 2002), 514 ¥ X+ v+ VHIEICIE, 27 OUEHD? S
10 mm {ii& T %= I L7 74 mm EOE 2 BIEICHWS PETH 5. Unms» 5 10 mm
ETUM L7 & 2OV OEIE S8mm TH D, THENODMIE, CCD /1 4 5 TORIER
EHDAFEICHV S, Ly XOEREBRAICGDE 20, KIEBIEDODH 2YETH
57c%, CCD 41 A 7 ZREDEIG ST TIIIE <, ERlD SHNIBOFER G LIAL, ELhS
BEN B ITHEVRH T 2 EERIZIR 5 05, BONBZERY A X3 H A 555 OEENEEN S & &
bictEmnd 5. Bl S OEENEEN 2 & & BIEON A ERITAHBRE R 505, v 7
FiHD» S T4mmiESLS TS, ITEE N LADZ) v METH S 50mm Pl EICESHKNED
SN ETH S, CCDH A F1F, L—H— TS 7 7EEBOMBERHAST 2720, L
ZFC=Y Y P Ly XOPDPSEEEIT- /2. F—4350a7id, H-OBUGMITHYSE
25, MRHIERIIHELOZR T H 2 ZREEVPHALF2IER DBV EOFERMH D, 55
OWEELEZ RN T 20305 2 EEZ 55E. TDk, O Z/NSL{ LTSN (Signal to
Noise) tha B 2086 E2 ond. INoE2E A, BFEHO L v & HERET L 7ok
B, Canon 50D VF25 1.4 IZ 5mm [EDOHEE ) v 720 72 b O Lo &Mt E S
TEDL, IhERHATAIEICLE. InERVWEE, v 7 VERICB T 3 —HHEH
D OZERSEGEE T 7 3 ) A =5 =L 100, SZEMOREOHBEAFS LN TE 5.
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2.2.2. StE

FRIT 3 v TV ORI D SERBE SN, SEIREEPH R Ui clRfsn s &
WOSHBNETH B, WEEREOREN S, CCDH A DY v v ¥ —iEEE 1/125 LT
ICT BMEMDH B I, EFITLE LIHEEAVELEND S, S 51T, AESRIIKS
YINEOT, KIEB X OHORBEHNT X 0IKASFIE L, PENHEICZ SR S0k
BRETHE VI EMOMNETH 5.

CNETIRERTHEMLAREBLORME L TEZIOLFEIZ>WT, BIELEREE2
WRY. TIRIEBROBRBE TR, 3BT E oy vy s v 72HOTEREIT- 72 30713
AIEIRICHEIOEE AR C X BB /NS E VI FENH 505, KEFTREELIC
<<, ERRORERPEOE V- KRG 5. —F, ~NarviRooy K4 73,
LETH 0 MERICHTFIEEEZ RS T 5 Z ENARETH 5745, ERRIHEEIL 150W TH
DRBDIEEICRZVE VWS EELS L. oy tEICNA 3ETEA T, REAEIL &
5 LA, AEICHIEENEEBZ DI BHYB RN S B T ENNh -t ZE,
DOFEADOEEN T VIERE LT, Stemmer Inc. #H!D LightLine BIAAH 5. Tl KA
Yo F U= 7 V=7RALTED, KEE L THEREEND 5D, FEFICEMTHD
[RontkFETRBATERL, 22T, RbBoLMEmEL, L bR tiHzsEic
PELAAEE, AMLED MEAERME Lic. TOXEIE, Ho LED 21X TEomE %2 5
WTHED, FEOIKTIEAIEETH 5. LED OB L OFFIC & 0 5% < OFESEMNTELE L
TW3., 22T, Imac (BB HED 11em I8IC 24 D 54 A — FH32 5] GF48 ff) A7
bDOENIEE LT 2T 72, $5RE LTI ORI, CCDAASDY v v ¥ —HETH
5 1/125ORBTHLREL TS I EAMER L. 7z, —20°C DEESEMLET bEIERE
ShTHED, —25°CORE T TDT R b T b AUTEERD O DI MRELEWNR» - 7. ©
LT, LED RO FHAN L, 25°C OBl N T LED & - OREEHEHIAH 2 T & BV,
F#EIcB W THE STV 5 LED HHEOK{KFE L, 5000-6000 Kl Th v, 714 v 2+ +
FRIEDHIRE LCTEMT 313 Horick O Td 5. LED Z T3 @EiRkiicgguns, K

R 2 tHoME. OHIRIERICENTOL S, ORENTVS, XEBFH->TVEILERT.
Table 2. Comparison of light source. “©” mark indicates excellent,
“O” mark indicates good, and “X” mark indicates poor.

. Stability in Low heat .
Light type cold temperature radiation Price Maker
Fluorescent light X O © e.g. Toshiba
Light Line O O X Stemmer Imaging
Halogen rod light O X © e.g. Phoenix Denki
LED light O © O Imac
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BT TIEFEEC L B MERESE C DIz EROFH oL DI v UM, fME). chs
5 LED ERIZKIKI 7T D54 v 2F » FAEICHE L TV S EHML, 4 XBCbEE L
TWATENS, TOLED MEEZRHAT A EE L.

23. ®ETOTS L

ZEOHIE 7 v 75 4% Windows XP Professional edition 14T, Visual Basic 6.0 T
fER L7z, BifFicid, PCIT v ) 7R — b DVEAEL, HIRIUAA R — AR SN TV 544
Bk b, BAFLIEIEY 7 MICk B3R Y X7 A0EEE, DIFOEBY THSB. 1) PCO
HAELONERGR Y v 2R Ty ) vy 3 5E, BEIRMERL, BEOHDIALL X
T Yy IETA EAOEGIENEES N 5. 2) JIE X HEIICE T LEBEIR I HEIIC
TLOMEICRK . 3) MIEKRTHE, PC LIl AEN/cBMmE, BE&EYE L /cE Oz
7w s azfl0slEicky, WELKY Y T VEBBIERTE 5.

24. [KBXIR

B, AIEREENENBNLIET X~ L, BEIROY —F € -4 —ITKBERZ
BD SN I o 12, BEIR 7 — Y OEEESEW T E0h -, FIRE L TREIROM
EHIOBLNEZ Sh, BIGT bERRSIEGE KR T T &L L WEEANIC T & 51
% L7z, CCD # 4 58L&V LED HHIZ—25°C DIEA FTbe < ML fFfd 50T,
COFEDORETHMT . £/, CCD I * 5 BIEFEH® A — 7V IHAIERNCE < D
T, EEFTELLBOWI EBRETH S, £IT, BEIIC) Rrve—y —2%%X, INEA
FTEHZEICkDELLIEWE S IC TR LI £/, PCARIK, FYINVEFAEF o F, oRy
FEYVa—avbo—I—REMHICANS L L LT

25. AEAHE

RIEF, PCHIEOR Y — bRy vad I LickBBasn, BHEITAERTTHN
5. BEB, WMERRNLLSOXBASIK WL, XA —T v 2D 2 0HNH 5. 1IE
KT, HIEREEBNOTOMEICRD, ROBENFIREL 55, HIEHE 3AHEAFET
b5, Smm/sFiEREEELTED, BGRITUEORESTH S 1.5m @2 7k % 6
SREETHET 5 EARAEN S, BRRATHNESTON S o, (EEHFMmOLEEI
WHT B ENARETH 5. 10d, WECIETLAZmONNY FY =itk VB XU,
A7 8 b —bFAT7ICLBNYFY —OYWRORENKIETH 5. MIEHFHIC VMR
FAET 2L, 2T THEUZMOEELED 720, BALE I3BIRE WERE S HEEREE2 2 &
215, - T, REMLTICRMLOEELSLETH 3.
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3. fERBXUHE

E BT A RE IS B AR E DN — Ry = THSERR L, 5 44 AR Ick - T N —
L5 CEIRILS Ici b s e, Fa I 0MEE [T Japan) 94 754 v 2+ v+ — | L6
Bl TOIZAT 54 v RF v+ —%, 45 REK» S 5 EEHREIOBUSH#T A
WBFETH S, HEOEEIIITER L 10, WEORMEBEMEY 7 b v = 7 OFEIc>
W, ABRBREIPRETH S, K3 ITBWT, LEEEET 5 0E, SLFEOME, 35—
OB EAE, Ly 0K PFICRIERETH O, J5VEGELT b BEICRIEATREE 755 &
5 SN HASE WVIHESRE AR 2 685 d 5. 1o, (EDRIEOHBE2ED 57129, HiR
DZERFREIC G OE T, WUCHERE 2RO 2715 E, KEOERAGHEEZIEL, fMlrs
MIZOWTOMF 21T H BN H 5.

ALEE &R CHIESRS L BB TV, BonidEREN4ioRd. MELLY 7
VIZE—HTREE N, YR IR FES N TOW A 24mm EO K — L4502 7 Th 5. 15§
SNKEE S, COREEEZHAVS EICLD, BIFEKKI 7HEHENESNS &N
ip otz E—WOBISEITOBABERICE L TRE SN BAZHEE O FITKETRLT
WBH, FoncEBhr s, TNoOEMHEMEOMVEL L TRREHIATHnE L
B hote, £, TOMEREMVE T EICLD, PP IHEL OBSHREARETH 5
T EMINS.

IZAT 54V 2F ¢ F—EICLDESNBERN S, F—450 a7 OFHMLENE
154410, Dronning Maud Land OTHLTH 5 F— 4.5 L &R Licdh 52 DML 27 & DOX%f
H2175 TEMTRRIC R, @BEHTHEA — & — OHREREO R BEATHL O

K4 50cmEDF—A3XUKKI 7OV v 7FVETR MEICE, BIF L 7oRE & E CRERE
iz, WEROREE L ~vid 256 Th 0, HEEEBEERENMWC E2/RLTWA, [
BTRD7Lv—TRLEESE, F—Wa 7 0BTk 2 BHBEchiliahizETdh
5. WEEBIE, HREEThRE LCE2EEEORAKRE LTRHLTVWS, F/, H
REETHRHLE—E () 1, [MEicbNhnTsD, i, MmoifNThEEEos
GBERDBEEL, Fk@aRHLTwa.,

Fig. 4. An image of one 50cm long Dome Fuji ice core sample obtained by a line scanner

measurement. The measurement was carried out using the same measurement unit with the
developed equipment.  The intensity level is 256; white color shows maximum scattering intensity
on the image. Rectangular gray color objects show cloudy layers identified by initial visible
stratigraphy observation. The obtained image shows that the identified layers were detected
completely as strong scattering regions. The obtained image also shows that one identified
layer (left side) separated into several layers and other cloudy layers could be identified.
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