TVRSJ Vol.9 No.l pp.105-114, 2004

H AR 3L

HEERRRFZHALEERY v h— FREEEOBIE
Wi VEEll B BB RO RRET AT CKES*2 4E M

Study of Remote Saccade Detection Technique based on Retroreflective Features of the Retina

Junji Watanabe}! Hideyuki Ando}?> Dairoku Sekiguchi*!, Taro Maeda*?, Susumu Tachi*!

Abstract — We have been studied on an information display based on saccadic eye
movements. The display can present 2D images using only a single line of flickering light
sources. When people make a saccade across the light sources, they can perceive 2D
images thanks to the retinal afterimage drawn by the saccade. Though, so far, saccades
of observers are induced by other stimuli such as two sequentially flashing light sources, if
the saccades are remotely detected, practical applications can be realized. In this study,
we present a new technique for detecting saccades, based on the fast, robust pupil detec-
tion method. The method uses two infrared light sources synchronized with the camera’s
frame rate. The two light sources generate bright and dark pupil images, and we can
carve out the position of the pupil by subtracting them. From the series of the captured
image, change of the eye gaze is measured as the displacement of the pupil’s position.
Measuring the displacement with a line scanning camera, which can take one line im-
age with high frequency, the saccade can be detected. We investigated the feasibility of
this technique by clarifying the retroreflective features of the retina and required spatial
resolution for detecting saccadic eye movements.
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Fig.1 Information display based on saccade
and on a single moving light array
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Fig.2 Elements used in mesuring eye move-
ments
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Fig.3 Acquirement of pupil positions by tak-

ing subtraction between the images

with bright and dark pupil
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Fig.4 Displacement of pupil position caused
by an eye movement

Bz, BRI REBZ L LTHLNTH
). ZOLE, UATONE I ET DAL
NS (LLF, On-axis Bifg) &0 AT D
il PN BICEET DRI Lo TR S L
B (LT, Off-axis Biff) O&ES% & % &, On-axis
TE% D HRABEER ST L - THEALE S S 5 < o

TWADTC, BAMERHE SIS Z LMo T
% (X3 Z&5ER) [9][10].

FLTC, AL 4.28TlRARD K9, MEERX
FHIGEBAB T A Z FaZAN TR THEL 7w,
X4 0 X5 iRk EERE, BEAMEOELE LTE
WEhsd, ZorEx, Yo —RNZXkoTAELEH

 REINIEOTLEE T L—AL— NDI AT THRE

FTHZEICEoT, Vo —FRBOZA I T2
ELIKERETIZERTMRTHD LEZLOND.
Py h— FREBOBERER 5 1ORT. E3RES

VI REALACE ORAA L, T BB E ORRZ

fbER LTS, Bty (&> 1 — FH3BR%R, to
BT LELTR L, BEAAE, BEEEIIRCHS &
5 REFER A R, AFRSCTHERE LTWD, FEEE
By b — R AT 5 iy, oy h— ROt

—106 —



2 - Rifk - B0 - wTE -  PEERRHZHALLERY v I— FRUEFEOTHE

BABBEE . i

ot to =
HFoh—RERA ——

B5 W vh— FigHaR

Fig.5 Concept diagram of saccade detection
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Fig.6 System components of the proposed
technique
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Fig.7 Experimental arangement

2.3 AFEEBRO-HOEH
AFEIEEERRAIC L > TE LN BREFAED
BEEZFIALTC, Vo b—FRHEZITO>LOTHS.
LivL, RFENEAFE L L OO IR 5
BRI DWW CEEIC AR FRITFEE L TR, %
ZC, AFEEERTLEOIE, B A THEIIHT
ZIFEOTH & EEFIR S EOBMR, RO A TX
BN U CHIRERD AN TN 2 A B & IR KA E D
BRERRDZ NN EEL D, £, HBISEE
ET DT, RERE L OREDZMAGE T
ETUIY v 1 — FORBREFIRER O EFTRNDL T &2
PETHAD. WRELIE CIHBEORIR KR 2
BDEBEIT, RFEEZER L CHRAOIEHRET
FIZONWTIRS, Wiz, Yy — FRicnERZE
RGOV TEHEIL, ZORREERTS.

3. MEARRSTEFEORE

3.1 EREELFIR

AT TR O BRSO R 2 SR~ 7 ERIZ DN T
WD, ERIEEOEEZX 710N, AR
DERTEEEE TS Z LN BROT, BRED
FEHAEACEEL, 2WRIEDTY T HAZEHERL
TER%ITo. USBU AT (71 —AL— b 30Hz,
fRAS I 320240 B2 &b, Eifh 92.6deg) ZHERE D

FHENS 25cm OALEICEE L, #BREOHH LR

U7, ERBROMIEIL 50pixel BETHB. F AT OH]
WIEIR SR 7 4 V& ZEE LTz, #’R4F LED(E— 27
£ 880nm, b —2Af 120deg, HHTRE 60mw /st) %
N—TI5—FNLTEEL, TOMEEZIAT DN
BITHRE L C-bdeg 7> B +5deg £ T 1deg A1 T 11 B
WL &R 7. #RF O ERRIE-40deg 7> H+50deg
F T 10deg %A T 10 BRI AL IR TR Y, HERA,
LED & DA O®IXE 1108 THh 5. IREkD
BTSRRI EHAD—2FERLTH O, 3B

-S-BERAR ™

y 20000 -4+ ENRAR EZD& O
& 18000 ‘
§ 16000 AN
;"\ 14000 . i
& 120008~ N N A b
ﬂé 10000 / e
E 8000 \
I 16000 e // \A\
Nt — [ —y
1@ 4000
=
£ 12000
M-
# o

=5 -4 -3 -2 - 1 2 3 4 5

FALEDDABALDTNEE [deg]

K8 WA 0deg (FEZ - BNGZM), 774 LED

DB ER T L & OBIRAREDOEL

Fig.8 Fixation 0 deg (dark room and indoor

condition), retroreflective feature ac-
cording to infrared LEDs’ position

M HI90 7 L—2)EL, FERPENRN LD ICH
ELEE, RILED ONEE LS. OFED,
HHEREZ R TNDHWEITHESZEE LT, 11 B
BEIZ RS LED OB 2 AL SWFHE 1T o7, Fiz
R AL 0deg DEMEICBWTIY, BALGZREE, =
N (100x) & 28 Y AL ESE, MOERRDOEHT
IR A DI CEHI AT -T2, WBREIL24ThD.
ERERTCIRHRENR 1 LT —F &7

3.2 [E{EfEH

WIZERIZ L » TH LN -Bg ) b BIED BRI A
BEHE B T B 72 DI T o T2 EHEALERIC DV GRS
BRI TCRLONWEEER 7 7 A A5 50 7 L— 2% 1)
DL, 50 0 1 BOFEHEBRERH L. Z0H
% 256 BRfED 7 L — R — AR L, 2 FT X
NPT HDICE R NS T LD EIToT.
Z LT, RS LED &4 A 7 H#ho3nas 0deg D HEiE:
M HEEALMHEZIT- T, EELELSSZE0 K3
TA4NZE LTHA LKL, bAEREAICEREAT T
WABEBESAEE SN TR Y, BELEE, MEEE
fLLWi=®, ZD7 4 vF %0 LED $hAED
BERICLRE L. 20X 5 AR0AEE S TOEREAD
T2t LTI, 22 OBEFLNOI S S OfE
Ofn, BEFLEE, HEMEEHZY 0P L I ERDT.

4. EBER

4.1 FHNLED OFThIZEEHRHFEDEI
8 ITHBRE N Odeg DIERBEBEH L TNDH L&

12, FRSMLED DAL Z A LS Eic b & O 6 D

KEEDOEWE T, BIASMEEIRE, KOEND 2
FEThHD. BENIFRN LED OF A 7Yt xt4 3
THAE [deg] TH Y, HEIIEELANHAD S DEDF
ThD. BERM, BRAELL BIZT T 7 OBTRIIE

—108 —



B2 - Rtk - B0 - w0 E - 8 - SRERRHEFA LLERY v h— FREFEOHE

x>0
20000 20deg 10deg Odeg
18000
16000 = <
14000 I A N
12000 R N\ o )
10000 / \ —— \\
8000 ———__~ NS——y <=
6000
4000
2000
o
20000 54-3-2-101.23.45 -54-3-2-101.23 45 -54-3-2-101.23 45
18000
16000
14000
12000 7 X /’/ \\
10000
4000 TN Vaa S T S~
7/
6000 SN ~=
4000
2000
0. .
30deg 20deg 10deg

M9 MK SRR REOZE(L
Fig.9 Retroreflective feature according to
gaze direciton
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Fig.11 Image processing for detecting sac-
cades
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Fig. 12 Measured displacement of pupil pos-
itoin and velocity

HEBRILD A 712 & o TEH & N7 TS BhEHE [pixel]
ZARBR & DALERIRD LB BNERE A L7z b O [mm]
(B % Biks L= EMR OBEFLAEE 0 & L), B
HX Y > o — FBAERFR % 0 & L72KifH [ms] THS.
& (b) DT (a) 5 HEH S BEEE [mm/s],
REENDSEER [ms] TH D, 7272 L, BEEED (a) O
F—R IR LTH v b A 7 AR Sk 50Hz, BH2 B (2
TL—ALBOT—FETHERTS) Or—"RXT 4V
B a3 HiB O 7 L—A0ESE - TEH
L. E7, FRITOFEHERBICHT=-> T, BEL
BEED 10mm/s ZHO TEX L Z Y v I —F
BEAEREZ] (B 0) & LT, Vv b— RBRAAREZ] A4
Z CEHEI -7

Iz BT X HID 5deg, OFIAS 10deg, AFIA
15deg PEFTH 5. K (a) IZBWTIE, Fyh—F
RIBIC L L CREIEEES K E < 2o TV D DOHBEIER
Eha. £72, ¥ yb— RORHEREIIXELEh, 30,
50, 70ms BRETH Y, K (b) ICBWTHENAEL T
WA L ITIE—B LTV, X (b) OBENRE DR
FIBREIC>OWTEZ S L, 10deg (BT D EKRHEIE
5deg DK 2 {5 TdHH—F T, 15deg \ZIB1T 5 AH
EEIE 10deg L W RoRREVWERETH D, 15deg DV >
F— IR KEER 10deg DIHE LFREED LRV
N, BIEENELC TWAEMBREL 2D T LICE
T, WFEEZRKEL LTNABZERBEINATVDS. T
X hE RN TCE Y v 1 — FOBERES —
BHLTWVW5[8]. ‘

S OBENEE OREBRICK LT, T, &
HBBEEE DS 40mm /s ZHEx 72 H Y v b — FRsGZ R
HL7ET58EE, K (b) DRAIDEEZBAT L&

—-110—



iz - Tk - B0 - §TE - § : AEERRSEANALZERY v I— FREFEOHR
WEHRE

DR (BEZ] 5ms) 12y I — PR Sz Z i
2% (T272L, KEROUETII2EDOT—/ZT 4
NEERNTNDDT, EERICRHINDEANIL3 7
L— A% D 20ms THD) .

F77, bdeg DY v 1 — RIT L BEFLBENEE DR K
fEIX 10, 15deg IZt~_T/IhE <, bdeg DY v — K
EFRELED T2 LBELZ NS TILERDD
B, 595 L, EMEHEMOERIC L HELBE)
LYo — RIC K DEFABE X5 Z L 88 L<
2%, Z LT, bdeg MY v H— FiZisFrRIA 30ms
RELEW -, BRI Y I — BRI LT
B L, ERTALAOMEEITI Z LIXEEL.
FOW, Vv — FRLEHEK 10ms £ TOREBRE
[3EIR 10deg LL LDV o W — R TIREE A EED LR
W EWS T b, 10deg A EDOY Y H— %
BHMNRIZTE Z ERLE LT v — FREBIZER
HEEZLND (FD12, LAM%IX 10, 15deg DT —
ZICOWTDHFEREITD) .

5.4 ZRREECREOBERK

Wiz, ¥y — PRI HERZERRG IOV
TEZ2D. EHBBREEZZEZRHELE LT, #HEH
HEOWBHHEBEIZBWTAKERM lem % 5 5 pixel
#, X[pixel/em] L WO EZE XS, X[pixel/cm] i
B AT DEHA Oldeg], KEFIMEGEE Rlpixel], #
BELH AT OB Liem] 328, B 13 55,

— (R/2)/(L x tan(8/2)) EREND. KERS
WTIH R = 1280, 0 = 558, L = 25Th?",
X =60.6[pixel/cm] £ %25, ZDOE X, KAERTED
NIEBBOBERTT (RE2/NhE<T5), X Offix
IEL LTz & &I, Eﬂ)ﬁ)ﬁi'@*}‘yﬁb— g
BERETH DIV I 2 b—ar&iTo7. R=1280
DEMCRE SN EREREHFIC 1/2, U4lﬁ
/10 7Y 7 LTy 1 — R 1T >
= (FhZh, X =30.3,15.2, 12.1, 6.0pixel/cm) .

10, 15deg DENEN 10 FITRTDT —F 2 XU
YTV L, BAAE, BEEEYEH L.
Bon-ELBEERE DY, KOEERZEZK 14
WY ftE, BRI 12(b) ERILTH B, =T —
N—DKREXI20 THDH. 77 7R8I NTNEHE
WRHHIIBEIERED 40mm/s OETH Y, HRHEOREE
# 40mm/s & L& &, BRIy I— FPAKRHES
nd (BEAT T —"—% TESTWD) KZE TH
%*ﬁﬁﬁlﬁfbfmé ERFH Ty — N &8
H, BHIRREIT) 72D, 77 7128V T 1~2
7 L—ALUAN (5~10ms) ZiZV v 1— R3S h
TWDHIENEELVY. K145, 10deg, 15deg M
FHEIZBWT, X = 60.6,30.3,12.1pixel /cm DFE
o H— FHBEE (5~10ms %) (2% v — Fo3k

R/2
" Lxtan(0/2) [pixel/cm]

HAS
B O [degl, KFREE R [pixell

13 . EMFBRELRES 2 ER
Fig.13 Elements to be considered for deter-
mining spatial resolution

HINTWDER, X OENNSL 2D L, EERE
(2T —N—DKREX) BRELZRY, X =6.0 Ti,
B E TOBFEIA 20ms 23030 TV 5D Z & A EN
5. OF Y, 10deg Ll EDY v 1— FRRHIZBWTIX
X = 12.1pixel/cm FEE D72 F'ﬁﬁ%@)ﬁ?ﬁlﬁgfﬁpék
Ezbhb.
5.5 ER:EHESEOHBEICDONT

ZIZTC, Voh— R K HEFLBE & ERERNIC X
HELBEOGERHIOWTERT D, AFETHE, B
HEBEEE D bBEEE A b v — NBifs & A
RLTWBR, FOBEL L TEZ v G5ETER
LV HREREERETNIE, BELEY Y — PR
HiThbhad EE2 515, 5.3, 5.4 FICBWTIL,
40mm/s L WO EEZERE S UCTHER LR, Zoffi,
FHELRRE 2 5 B R B EIEN B & Sz BRIREE T
HBHZEERELEZLOTHY, SfiL, SHTIRREICE
WL, KO RELRBENSLEL RDAREENREZS
na.

T2, ZOBEE, HATICEo TIRE SN-E#
BT DBEEEROT, HEHE & A T OERERN
BALTHUSMENET B, F0k, #EHEFE & O
BRSO FIEC L > CHDBERDD. AFIET
1%, T E OBEANESBEHFIEER O T, SRR
FHEEREZ TTIC gk EH I & 0 2 7 OB X ZF B2 #E

TWEEE L ZEZ BNDD, TORITONWTIE, SH%OMF

TICBWTEHELLBATNE T,

5.6 EEBROFELH

$£ﬁm6 AEF DY T — R ERE L TR
T 57®IiE X = 12.1pixel/cm PL E DO ZBRIFEGRE
iy %T?ﬁ;é;kﬁhbﬁ)ot. ZOfEE, St
1mm $H72 Y lpixel BEDEBENLETHD EWVD

—111 -



BENA—F YL} T VYT E2EWIE Vol.9, No.1,2004

Velocity [mm/s]

10deg 1/1 ( 60.6 [pixel/cm])

Velocity [mm/s]

150

Q
=]

50

10deg 1/2 ( 30.3 [pixel/cm])

[ 20 40 60 80
Time [ms]

-20

0 20 40 60 80
Time [ms]

10deg 1/5 ( 12.1 [pixel/cm])

@ & 1001

N ~

E £ |

£ £ /: 5

2 5 L AT AN
H 3

= >0

10deg 1/10 ( 6.0 [pixel/cm])

0 20 40 60 80
Time [ms]

15deg 1/1 ( 60.6 [pixel/cml)

-50

U
)
o

0 20 40 60 80
Time [ms]

15deg 1/2 ( 30.3 [pixel/cml)

Velocity [mm/s]

Velocity [mm/s]

150

Q
=]

L

0 20 40 60 80
Time [ms]

0 20 40 60 80
Time [ms]

15deg 1/5 ( 12.1 [pixel/cm])

15deg 1/10 ( 6.0 [pixel/cm])

= & 100
= ~
£ £
£ £
z z %
2z 2
o K]
= 20

-50 : : ‘
-20 ] 20 40 60 80
Time [ms]

-20 0 20 40 60 80
Time [ms]

14 ZEEBEBREIC L DFHBBEOEN
(10, 15deg)

Fig.14 Difference of accuracy according to
spatial resolution (10, 15deg)

ZLEEEWT S, IhETOEBIRERMEFHINIZB
T, 0.5deg DO¥EE CEMIEIT 5 IZIXERER % KI5 1A
160pixel, 1mm 7Y 6pixel 2 THRE T 5 LEN
bole (IREROELIL 26mm RE 8]) . 2FEY, ¥
H— R &V 5 BRIIZRBW T, ERTFIEICHAT,
RN E L LCiX 1/6 THRMPERIND Z &R
Ao,

Fle, ERFIETIE, HEHOEHNIHLETFA IR
DoTelS, RFHEZBW T, FBEFEBNINR D FR
EndZepmmgaind. HlZiE, X = 10pixel/cm
& LT 1m OFEEED HEF 60deg DA A T THRET S
L, MERKEF R OMREEL 1155pixel THD. F
LC, BEALACEIIREASEN, K 1lm BEKFELRIZ
BERETHD.

DIk, RRUTRET AV v U — FREFIEIET
DEITELDHND.

1. #EHUE E CORRERECRBNT, X =10
pixel/cm BEM BIZRD X5 U AT DEA,
TR S % 3R

2. BEEHHIE F COEREA IR EREC X o THEE
BfE & e A BENEE (RFEBRTIX 40mm/s) 73
BeEHRIFE OFEEECAE U & X OEg EToOBE)

| Vimage = (R/2) X [ty [pixel/s]
EHE

4. BB RIEOESE SEICHRE

(=¥ NV AFY U B ATEFEALEES,

BB R EILOMBICADE TELESE D)

5. On-axis [@fg & Off-axis B D=L HEFL

Prig % B
6. BEANEOZELSOEASTRELELL,
BME & BB LT o 1 — R AR

6. FEH

SRCTCHE, MEER RN X DEEAALE & AKETT
BB A X ¥ VARER I A T CHRETHZ LI ko
T, BOVEERE CKEFROY v — REREHTRE
REELZBRRELE. TLTC, MERRXFOREL,
o — RO LE R ZS MR I OV TN D E
BRA1T-o 7.

AFEE, Vo b— REFA LERRRIET T
7, E, ZLBARSNTOWARBREER LA v
B —7 A A[11][12][13] ~DIEHAELEZLND.
Tz, Vo h— FRREESCHEERELBMIBERLTE
v [14] [15] [16], AR LERREESCAEBIRE 2 =R D
FHEM 2 FiEE LCoOREIZR. £, ER IR
BT, BUORRZEEREEOIRBRGHINLE L SN
B2 LC, IREGEBIR R 0BENEZ SN [17)[18].
INET, RIEZEOIREKEESRET OIBEIZBWTIL,
EMBIREKOB X ZHNNCBEL, BEFOFRRE RS
MO EREE L TE . L, ThboBEIE
FORBICE DS Z %L, RRFCERRRFHIID
ThhhdZ L RLEEND. WMNORYE L IREKEE) D
Bt [19] KK DWW T DR B HFEL, BRI~
HEZTNEZ.

—-112 -



(3]
4]

[6]

[7]

(10]

[11]

[12]

[15]

[16]

[17]
(18]

[19]

5% - R - B0 - §E - 8 - AEERESEFALLERY v h— FREFEOHRE

SEH

YESBIEE], ATHAHR, S5 o — RERIALIZHL
WIEHETEEORE, AARASA—F ¥y VI T I T 4%
2547035, Vol. 6, No. 2, pp. 79-87, 2001.

IR E], ATEAKES, S8 Vv b — FRIPRICE-> T
PR S N D AR SR 0 S, & ARBRIES) & Dk
IR, BFIEHEE SR IGE D-11, Vol. J86-D-II,
No. 9, pp. 1350-1357, 2003.

HE—5: REREHERI = - N T o7, FER
FREFTETHARES, 1998.

=R T higedk HE—B R IRERESHOERR.L
e AW R RFEHRS, 1993,

K, R)IEE, F)IE: REBRET VICEDS
< HABIEEE An Eyeball Model Based Eye Track-
ing Method, %5 8 gz L 7T RV Y A, pp.
307-312, 2002.

(REFER, BB SCER, AMRERE: LA LER OB E &
FAT HEBBRHEBORE, ETHEREBEESWX
%, Vol. J76-D-II No. 3, pp. 636-646, 1993.
AMER, K RRFLRARBMBINR S AT 5, 81
9 B4k - EB T VR T AR SUEE, pp. 173-176,
1997.

BAHE RS f: BEERLEAY T 7, BAE
&, 2000.

C.H. Morimoto, D. Koonsb, A. Amirb, M. Flick-
nerb: Pupil detection and tracking using multiple
light sources, Image and Vision Computing, Vol.
18, pp. 331-35, 2000.

Y. Ebisawa: Improved Video-Based Eye-Gaze De-
tection Method, IEEE Transaction on Instrumen-
tation and Measurement, Vol. 47, No. 4, pp. 948-
955, 1998.

SIUFHTRR, WBIRUR, SR FFEEA v —VRIA
A &7 =—R”Gaze To Talk” ¥ A7 A, (EFHH
HIP98-26, pp. 31-38, 1998.

KFIER, MEBEA, BERE, WEE— BEZEK
—RRH72 GUL T L= - < U ABFARSY — 7y
MER L, BB AR IES, Vol. 42, No. 6, pp.
1320-1329, 2001.

KEEZ: BRA v F T2 —ARbRMRa I a=s—
va o~ BB D HERES BiE LT, HLFER 2001-
HI-95, pp. 171-178, 2001.

WP, SRR, w8, A EKYE
R DREBREY v 7 — FOREAT—RNE O
FREHANC b & -3< XA BB A R & AR O
P, EHEIE B FESFRILE, Vol 33 No. 9, pp.
861-868, 1997.

TEEF AR, STILR, TS — B, mARE | [Rreitt R
B B v — NESREOMRE . EFFRE
15543335, Vol. J83-D-1I, No. 4, pp. 1172-1179,
2000.

HiligE, EEThK, BB B &Yy I — FOEE
PIREROIEBIC R THE, B HRBEFESRIGE
DI, Vol. 85, No. 9, pp. 931-935, 2002.

WEBAHE, BrEBE - 4 7 A MR, SUBR, 2003.
M. Strupp, O. Schuler, S. Krafczyk, K. Jahn,
F. Schautzer, U. Buttner, T. Brandt: Treatment
of downbeat nystagmus with 3,4-diaminopyridine,
Neurology, Vol. 61, pp. 165-170, 2003. (A3CHRIZE
WTHBEO EFAMB L RMICR S Z L BAWRET
D)

REEFR SO R R Ui EEh b IR BGESEEE R
TESERE, AEIRAL, Vol. 11, No. 3, pp. 318-325, 1994.

(2003 4£9 B 23 HEZAH)

-113 -

[ & # )

&2 8 (F4E2B8)

0 14 WERAERFER LY RBZERHE
T. BE R RFREGERE TR
Zef) AR, IREEEZFIA LT «
AT VA KOMRBKGESN T DR R RE DT
FEATD . ARN—F NI T VT 4R
SROCEZE (P 13), FIRSEREZE (F
14). %77, HEELRBEL VIR
LIERBRRONRT 4 —< A BT D.
http://www.star.t.u-tokyo.ac.jp/~
junji

Rk Zihl (E2B)

" N 11 BRLERFERFRE T EXE
FILELEEET. ¥ 11 RRFELERN
sefl EBEAE TIRLLE. T 12 #
%A BMC JRA BB, - 13 BN
IR T3 & HIE) ks —7
A=t LT HRRERFERERE
BRI E R CHRIENTT CS #F FEHT
228, T, VR, V=T 770
EOMFRIZHESE. http://www.star.t.u-
tokyo.ac.jp/ ~hide/

O K (r28)

W13 BRTARER SR TR ZeR S
+EEET, Bl (T%). FFEIVRE
FfEREEMAFRE. F 14 TRRFE
KEPIEWRB T RHER BIFE 2y

‘ . BIEICES. %y hU—ZuRF 47 A
SE 107 (s URs AT B
WIEE.

BiE KB (E£E8)

B 62 Bk T-5HT 4. TE. HH62
TBEEY LB seer. ¥4
AR R e v 7 — B, F
6 FIRKFk - T BhFE, T 9 FKRKKFE
B - T W, 12 RRKKERBRT R
AR, 15 AABEESHRAST £
WEeE. AROMTERHE - FREREOE
Sk, FLA TORE S ADWFFEICHE
E. B BRI AR SCE, TR
E, BAoRy FMESENESTE.

EE (E2R

i : MG 43 oK - T - 3HkzE. BE 48 RK.
KERETRET. TE. RERKXBE.
BB 50 WES LEEMEATER, <
B F a—tk vV TRRFEEIFFRE LR
T, ¥ 1 EREmA R v F—
Bh#ig. Y4 RS ZF—#HE. E6H
ARFER: - T« 3HT#EEE. ¥ 13 BX
KR - EWMET - VAT AMEFHIH
B, FuvATORE R, AILBRERD
Mseizt¥E. TEEE/EMBS ¥2H, @&
FEXEY, ERsHlEARREhE R L
ZE. IMEKO 2RT 4 7 ALEBEER,
SICE 7xzu—, BANSN—F L IUTY
T 4 FoEIRE.




