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Abstract:

Tactile displays are becoming more and more important
for a person in the virtual space to interact with

 virtual objects. However, those displays developed have

some restrictions, such as the limitation of motion
freedom and psychological discomfort to wear. In order
to solve these problem, we employ vibro-tactile
stimulation to display infomation of
virtual environment.

In this study, we investigated perceptual
characteristics of tactile sensations by multiple
vibrators attached to human soles or hands.

We constructed some prototype human interface devices
for virtual environmet employing vibrational
phantom sensation.

Consequently, we experienced the phantom sensation of
two-dimensions by four vibratiors attached to the toes
and heels of both feet, and discovered that the two-
dimensional phantom sensation could give the subjects
sense of direction and rotation.

For application, we applied above mentioned devices to
an interface something like a pair of slippers, and
could interact with virtual objects.
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HMETEDNOEBREZHAS NI TISREND S,

~-(A3-4)
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(ELRRX] ERBRDOT 7V ot -3y LEREDKHIEADIGA [9662005] Akihiko Shirai

3-3 Bk

3-3-1 EEREE
ETAEOFERICLBZPhSH S, RENRERREMELEETSIC
HIzD, RBIEREEEZLEE Lz, BEIIAMOEED NN S REITH
U THRARIFIRRMTZA D LD ICTRZ LTI s s,
SEIERTFRER, S, RETICIIEFEBFARLOE—YFM25E
GRE/S—YTEH) Z2FEALE. FR30keh EOBENRFE &
b, BORHEHBEZEDZDIC, FEREREOARREORBEIIC

[Fig.3-4] DER44AmmODIIEZET, TOERMMIZEZT1mmD I LK ZE
B 7z,

(Fig.3-4 : IRE) 7 O EIRE]

E7- DR TFIX, YOERICBWTIITAROERICHE L =
M, REFOEEY S LK DERENEAZRALDREGTZ
T LROEEIZHRE LTz,

ZDORRRIRENFZ 4 @, —AN150mm DIEFFEOERICHKEL., £
FEDRDJNGE « N EDEHA RICRHIEE /B &I L. ZORER
[Fig.3-5] D& > iREHRRINZEBEL 7=,

4 D ORI TIILAR, KT D@D vO~v3 EMEX,
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(L2 am] ﬁfﬁ@ﬁ@? 7rbAt -2 a lEREDMEFEADH [9662005] Akihiko Shirai

(Fig.3-5 : IEEifEmi & 4 D DH#RE) 1)
ZDOIRFHE R ZE FHWT, [Fig.3-6)] OZEERT AT AZEREL /-,

)
Answer
PG Input
256Level S z
Digita DIO {\L‘
[

Vibrators x 4

D/A
Converter L. L, — I !

(Fig.3-6 : 4 sifiRH)HhniEE]
P CH 6 DfgRiikEnZ, #EREISIREMGN S OIgRZ2 RETHR L.
FORREITTARCF—F—RKNESANT S,



[(EX2MBmX] RBEROZ7 A E—2 a3 EEGEDHFADER [9662005] Akihiko Shirai
3-3-2 RET DOEMEREE

HIEI D 4 AR EEREGE D IRERIZIIP Ch 5 0~4V (0~255
(LeveD)) THENT D28, EERZTTOAGIC, 4 DORE T EKEEFIC
MU, TNTNE LU WRHE TIRBIBRIE 255D &5 M JIE T 20508
BB, FlltREIE—% 20T 5720, BREEEICH LE L < fHik
BmBin s E R OZRBOREIC L 0. B o M5 2T 5 hetE N
H%, TDIZDIRENTE — & OB W AN E 7 B A ki b b Z &
ZfERd L7 aUd7e 5780, IREIE IS KON IREHRE OMIEE. R
B &2 TLARORMNHGD . 20 Bl 7z ey ndEEsr (W
—EHHI107S) KLH>TIo k.

B v
Hv
1.0 B vs
D) [ va
Yy
R
@&5
0.0 P oo ; .
) 64 128 255 (Level)
0 K B o 4.0 v

(Fig.3-7 : fiffl L /= IR E)F D 5iE]
ADOPRH IEP Chr oD (xHifl : 0~255Level) WL, &
F) T REHERBH D ENE D, Tl DS DED D IRN,
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[EtrFhmX] REBREDT7 7 botrt—ar EEEEDHEADIH [9662005] Akihiko Shirai

100. B v
90. ; IV
e B vs
N 8o
L O vs
¥ 70.
g
BT 0.
ey
& 50,
40.
30. : : : . : . .
0 64 128 255 (Level)
0 B 1 4.0 (v)

(Fig.3-8 : i/l U 7= 8 7 o JE i 5]
B 7 DB B EBAI AN B OIREHNTE D ZHIR DO EDTDH HRA-L
d=w b (3-2-5BR) WA S5 ICHN I HI A ICHEET S,
£/ 2 VB FEE/NEEIEEICGES, BaRhRmsnTtniani
B, EBRTEMEHLANI EEL,
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[BLHUBRY] HRBRED T r ¥ ot t—2 a3 v LERE DHEADHA [9662005] Akihiko Shira
3-3-3 REDPhS
XIRETOPhSEKDERZHERT H0DIT. BRHTF 2 RiITBW
LEHPhSE G ZHE Lz, RITIEIRATEEL TW5,
#HBRERIF2-1D)D AL Z2ENhEh {-64,-32,0,32,64} (LeveD &S5 >
FLAREZAREZITAR UIEZEZ 1~5TANT S,

I{1 =1+ Al
12=IQ-AI
Ig = 166

a
T

)
T

Perceiveg Location

N
T

Subj:Vibrator-No.
1} —=— AS I [vi-v2]

—¢= AS I [v1-vO]
&= AS © [v1-v3]

I, = 102 134 166 198 230
I, = 230 198 166 134 102 (level)

[Fig.3-9 : JRE® 2 SEHIPhS]

EEICBIT3HMPhSOEMIT. FERITBISHELERLL, £D
FEMIIHABREDEND ZHR>TWEH, A—#EBREANTIE. A—DR
[vi-v2]&., EAFTDOREVI-v0], X 5ICEREIEEEERERIv1-v3]
VS BRI & 5 TRBOERERL TR EERDH S,
ZNIPhSEER KO ZARICBVTER L TWAOTIEEL, A
BEOEROEENEE L TWS ZEEHAISES, LMLEKS Z0OH
BHIT2NFETHRATLIIEIEEL <, FHFETIIEIEL, HERMS
ISR OTJRENEEE X D58 LT 5,
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[EL26RY] RBBRED 77 At ytE—2 3 v EEREOHBADOA [9662005] Akihiko Shirai

FARICL TRED 2 RENFHFE LEBMNPhSORBREITo 2, #H
PhSEREF UMM I U, (R2-2)DIp=166. f(t) =+1{4,8,16,32,64}

EI0BEEICS D LB S L ZOBBHFROMEEEEI R, £
DIEEZER%ZJ S5 712U [Fig.3-10] .

ey L
\ oo

¥ o, —w[vi-vZ]

Mo --w-- YK[v1-vO]

o1t —o—YK[\1-v3]

Al=-64 —48 -32 -16 ] 16 32 48 64
(Level)

[Fig.3-10 : RED 2 KEHIPhS]

FEPOBIT DR EAKRIC, BEEDRSRDIEEEERNELEND
BEmicd s, £klvi-v0] (RE-INE) OFBREVEBEHRHOIZ, Z
DAL ND EITHRTRERENEW D EBbND, EREBOHEE
E. O ERRBEEEWS RERENMD S0, REMNHEINEG LN
SEBREOHREND oD, BELLTREDENNHET NI R
RICEBLUBEYL > HICX-o THIETSEICLU .
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[EL2MRr] RREEO 77> bAt =2 3> EBEIREDHEADIEH [9662005] Akihiko Shirai

_ W 200-255

5 anEazattan 0 150-200

3#ff”~ I REWENEN 00 100-150

T HHH B 50-100

N EEEEEE B 0- 50
“r

el B EEI

[Fig.3-11 : REDE T3]

[Fig.3-11] BREBOENDMTH S, 5L TUMDOREDEN
EDEIHIZHMLTNED, BEILAY M) 7 AL THIE LTz, K
H OB T WD, o &E256B I IERLL. LT
N5, ZHUCE B E. DhEDIRFEAICIETE D fRREML150-200
(LeveD Iz o, [200-255(Level) 1& WD EWED D > TWD T &M
S BN D, SE LRI S I RRRIBALIC K o T ZOEKD
Fr A EINGEAET B, N TIRFE—OREIZ 5 A /e & EIT, femmibhiic
T o TR EREZE U DARERD D, ZIETOEBREHRNS D
ket A s 2 EANMR D, BIARMICIZAIFE L~V TR — ORIH R
BEZ5ND T ENEE LW, EREEEN S - BIPhSORERIC
EFRNREETH DL LN D ZOEERIMT LI LICT S,

Pl EOEREEEMNS, RERICBWTHPEMEML < 2 JOPhSHR
MRS DZ EAMERE N, MOmEHO [#in 2 SOMEATE ©
AlEETH D Z LMo 7,
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[EL2MMX] RRBERO7 7 Aty E—2 3 EEREOHBEADER [9662005] Akihiko Shirai
3-3-4 RED 2 XJLPhSIZ X 5 FHiER

RIEOERICL D, IRIMICL 5 TPhSHERT 5 Z LSRR TE
oo ZOEBBREEFAL, 4 SOBRHTEH WS 2 KTHPhSOHIE
EEBTD,

BBEIT (Fig.3-1] Ko TI U F A EhB KRz, BER
BICk DT F—THAEEET S, HBREIE3 4. £HM20EED

RRZETo 7,

90
g Front

Correct Perception 1

7 9
—8— YK
—o— AD
- -4 - Al
W . !
I IV\ I. L}
Left Right

BHM 1~ A
FRLETF—DK
mE—HLTWS,

tiho B D IZIEE R,

1
225

5 Back

270
(Fig.3-12 : 2 XkITPhSIz & % A Mg xr(1)]

(X3-DicHBF 2 Ig 2166(Level), d 248(Level&LZEED, &

RAFICHTBEERERL TS, 3EOBRED S B Al IZIRENA
RIEBHT, BAHCPhSEZHAE TETVWARY (EREBREXD) .
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UEL$ART] RBERDT 7> kot —2 a2 EEREDMEADISA [9662005] Akihiko Shirai
BEEZRESGAT-DUBHENEERERL TS, LML, EA

HRDEZERMPEN, Zhid [Fig.3-11] TRLZEIIC. BEDOME
ENNETIR, BAREVFLLSTH, MPEDEIZEDIRFIMNHEEINT
LEODTWLENFREREEZ 5,

CDOFEBZMRT 57201213, REERORZEEZRLIHLEND D72
O, REFEILAEOEMICEET 5FIC L. ZHUTK DIREEREIT
(Fig.3-13] DK ITHA Lz, EEREOEKEICL > TIREIT21F
SADIB ZENRLBo 2%, FA—RED 4 SOHMEEZ LEE—
IZIRIRT 5 Z EMAIREIZ TR 5 T2,

(REh o EE ) BTN Ed
0.6 120
(@ (H2)
oy o 100 |
—a—v1 4
041 |—a—v2 80 -
—~o=V3 ’
03} 60 |-
—— V0
0.2 40 - —E—vi
—A&—v2
0.1} 20 I
0 O Il 1 1
0 64 128 192 Z(i%vef) 0 64 128 192 Z(?f:'ever)
9 1 2 3 4CV) © 1 2 3 4CV)
(X EhEE] [BRE) B E]

[Fig.3-13 : B L =IRET DR E & B ]

HIEICL DB UIREN FA3 S (LeveD) LB (GITB W TIZIZELHF
BRICH o2 lzd(H3-JEEMA LA RRERERZT .

B IR RO LI E, FoF—2EA 5, BREITHRNR
REIH DA REN TS, 6=0,45,90,135,180,225,270,315D8FE
$8,A=0,16,32,64D 4 BEIZ T > ¥ LB E D, A=0D EELTOR
BT O], &0, HREET  F-ICLD5EEETSHIE
o I A
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(EL2MURX] RMBREDT 7 bAtyE—2ar tBEREDHEADIEA [9662005] Akihiko Shirai

HBREIRAB T 7 21X o T, BITI3(8 ) X (iR E
16,32,64) X GAfT10[E) IZNA, A=0 ¥ I—HH40EZRE, 1 #58K
BHIZD, BFF280EID A 21T > T,

1.0
(E&=) A=16 @ A=32 O A=64

O.B I—
" T =T

0.7

0.6

0.5

0.4

0.3

0.2

0.1

0.0

YK AS ] MT Ky TY _ TI (#8RE)

(Fig.3-14 : R#ERE DIEEE D]

(Fig.3-14] 137 AOBBREICB IS, £TOY > 7 IVEEHRIEIREA
DINTGA—F THELIZGEDIEERTH S,

EHBREMOIE S DENLBHDIR N, EETHIBIEA Z2RKELTS
EEERN LN SEAAHEARNS,
ERPOHEBREDOIA L NS TA=16DY > TIVZELNFTEAE
HERW] EWSERBREEZELN, 2<0ELEITEHELEZSEET
H1/ITHBMNE, HBMEETETVSLNZ S,

ZDRERMNS [SHBEROZERIIDRN] EWIFHRTEERED
EERDFE 2R - [Fig.3-15]
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[(ELFMURX] EMBROT 7 bot -2 a3 LEREDMEADERA [9662005] Akihiko Shirai

45
o EEE
A=64 0.837
A=320.618
A=16| 0.420
180 — — 0
Left Right

BHM1~9FANK

1
35| L v a0k
mE—HLTWS,
%) 23
270 o HEDIZIESHR
Back

[Fig.3-15 : &##E DIEEZR]
SR TOEERIT0.625, FTARERREADIVUL, HHEFFHIAA]HE
ThHHENZD,
EZORRITDNT, EAHAR (0=0,180) DEZFRHBEND,
DD QEMIZDOWTHHT Lz [Fig.3-16] .



[(ELFMUML] RRBREOT7 7 bAtyE— a3 LBEREDHEADER [9662005] Akihiko Shirai

90

Fronte.:T

0.6 T

135 45

Left

180

0.54 Ny - 069 Right

225 T 312

[64-01 [ [32-180]

Back L1

270

(Fig.3-16 : £ DR D H[A]

FIIARRBOATHEAMICRRLZBEDANERDOHERTH %,
FRIZERRIC, BFRES2ICBVWTEMZRRLIERT TH S, HFIEIE
EEDOHERERL TS,

N5, ARG RN HEABEW AR ZRE L TNnS Z &5, &
7o ZBHRREMEVIZEERDDIERSBANH 5, £z, EHRRES2IC
BT, HFRIZEZET S HEAREN,. ZiUuT [Fig.3-11] ORED
FEDORHMNBERL TS AREEND 5.

LLERERMN S, RELEEHARICK > THRIERAFRETH S I &
PRIBIC K DHERTE 2.
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(ELFEURX] ERBROT 7Y bAtr -3y LBREDHEADER [9662005] Akihiko Shirai
3-3-5  EIEITIF/ B IER
A ORHAD 0 2 0=2nft LB E(H3-4)., PCh b, =0.1~20Hz

DEERE R B M+, — 2 A G 16D T > ¥ Lt Rz g5
ICHA1T 5. HBREIHNETZSR/NOEFRIBAZ Y AL > TH
BL, FFICEEAMZSTZOELAY ) v 7 &> THEET 5. [Hik
THOBEERREEZANTZ LT, TOEEAHMOERERIET 2 Z &ICX
D, EDFELWHIEZTTOEE L,

o CRIBE Y]

64

48

J L e |
FT ﬂ ﬂ E I gl
T TR T

(11D & 5%
(Fig.3-17 : B & MBE B ER k]

[Fig.3-17] I3&BEBmEDRLE Uz B2 & U2 EiiRiE O &/IME &
ZTOREZRLTNS, FHBRELOFEBKOBEMZRL, 1HzEIK
ERRBADT/NEND 5 Z ENbN 5,
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(ELRMUMNY] RRERDOT7 7 bAt -3  LEREDMBEADER [9662005] Akihiko Shirai

[IE&#]
1.0 l}?\ ¢ * %
%\
0.8 ‘ &\
\
\
0.6 ﬁ\é\ ,//. —
NN s
><— —H—TY
0.4 —m— KY
\// —@—Av
0.2
0
0.1 1 10 100(Hz)
NEL RN E:d

[Fig.3-18 : B A D HIE]
(Fig.3-18] R UERMERNOELNZT—F %, EBFERICLOT

I DTH S, RNKENEHEBEDOLEZRL TS,
0.5HZEA FIZBNWTEERAMZIEEICHIE TE TSI ENbn s,
[Fig.3-17] &H#L T, EHEFOHOOHENIHZU T THETES
HIZH L, BEEOHFROHEIZ0.SHZE T DX SICBVEE SRS T
W5 D ELBREEN,

3-4 F£LD

2 RTREPhSEHAZRRTH00, 4 DOOEETHREDEH 5%
ZREL, TOEHAEICKD 2 X HFRORRE, ElEH RO
MEJRE LT DTz, KT DEERZFHEZEF L. [EH9 581 OHIE E
BoRetE 2 BI5E U 7z,

<EB3IEBDD>
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[B1FMMY] HRBRED7r v batyE—Y a v EEREDIEADKHA [9662005]) Akihiko Shirai

zx§§4§@w
)[}\Fﬁ
4-1 FEOHH

EETIREZZETOMEDORREEHANWT, PhSZEAR E DXEENISH
T 5 FkEZFDINAF Phantastic Phantom Slipper] IZDOWTE &
5,

4-2 PhSOJSH

ZZETOHRIIBNT, FERPLRZEDOPhSERFOEBRMEZHS
MU TEREN. BRRNICEEET S LAV RESHEDHENDIE
HTH5,

Z ZTREFOPhSEZEBR L DOMENNAT 5 L TOMERE. TH
ERPTDFIE. SHICERDISAFIIOVTIRRD,

4-2-1 FHRIPhSODIH

9, BHPhSEZEZEGREOMFENSAT S ZERBERITHELWE
EA%. VRIZBWEKOZD, HHREMNEZLELTIREZEDD
BNWENZADRERTH 5.

E-HHPhSOMAEAERRIL, EBRHER [Fig.2-3-5, Fig.2-3-6]
NEHANBEI, HEIBEDEND 2> TAREINDD, EML
DLW E, BREFETOHRDEET DO —BHWRMNBEORRZE
IKIIEVWI BN, ZORDHNPhSEEZ IOXXOREBTIEATSZ
ERERBITHLNEETR S,
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[BELFURN] RREEDT7 7 Y batrE—Y 3 Y EERE OXEADIGA (9662005) Akihiko Shirai

4-2-2 EHRYPhSDISH

BWPhSIZ, EB#EE [Fig.2-3-7, Fig.2-3-8, Fig.2-3-9] 15 %0
BEAHROIRRIIITHFIATEBAIREEND S L X 50, PhSZEF
EWMZAAT2HE. HOBZHOESAMEEIIPhSHENNEHIN, &
S IRPhSBOABENT AR WBEND 5.

ZhzER L. PhSOV RIEHAIZYERNEZE E W HREN DS 1
T2y IV REMEBER TR, BEORESRY Ml o2
RER. BICRZABWHBRREISATAIENELILNWEEZ S,

4-2-3 PSDERWEIEA MRETE)

N5 OREEMET B HEE LT, AROBIM SRS HIF]
AT BFERE R, K2 3 KTLMBRILEEE LTOP SDIck3
P F A MCEREIEERNT, FEB TR TES 7/ R LI
BLED2EOL EDO 3 ATHMERRERE L, ThETIC 3 KT
HERE 12 334) % 7N A DEEREOHERE & 1T 0 U 7= 2 PhSRE SRR T
BFETHS. AROT)NA REHEE U BABSIHECH > TN
PhSEAELT e, HABERAGTABILTTH B,

(TR TREEREOWEE THET 250 TREEE Lk
B, FEBROBRICT /N R &AW & OEREE R I U,
FNAALD 2 EOFRNGRRIEE 2EDPSDHASHYTIVI A A
R, 2503 KEMBEERT S, 203 KEMLBOHRE D &
o, (AR OFEBECHIE L RE 2 D ORBIBREBOMA &7
B. CORTHIEZEICEXECIENETS B WEOR S SHEET
BVRZEMEQEABHNELREA S ETREICH RS TNB EEX 5,
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(BELFMUMX] BEMBRDOT 7> ot t—2a v EEkEDHEADKRA [9662005] Akihiko Shirai

4-2-4 4 SIRENERIRO 3 KITHE & & O
4 RIRBIRRIRICE o T EXRE) ImA, 2 —HFE2HLELES
F 0 &, BMELFHRIBAICK > THREBERDHEHEDOB WAHRERRMN

AREICA- T, INZEBREDOMEIISHAT S ZEIckD, HBREMIC
WO DD, BRBREBOEBRNAGETH S,

3 &R
FAARATbA

4 SIRENRTAR

[Fig.4-1 : 3 RITEBANDHA]

(Fig.4-1] 13RI E 3 KICEBR & OHFANISA L 72X T
HB, REDIRTLT A4 AT LA ORICERICHA U7 4 SIREIERK
EZEE, 130 LD, 3IRTERICEHL ZARERE BE
DRI K> TEL 5, REFERIUIIRENT 2 LSMIBIRICERE SN T
WSDTL—HFIIHREDOE WA 5 —T 2 A& EET IHENR
We £E3RILETA4 AT VA OHE L, I—FOBEINEZIRRK L
EETE2EBHRETAS.

4-2-5 RBE 2 XRIEPhSD XV w /ISNAD)is
RED2XTPhSOAZEZSEE, FEOL I REE I N-BE
Tld7<, 4BOREFTFEZEE2MHICHEIL, PSDIEZELILIZZAY v
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[EL$ERX] RRBROT 7 ¥ b Aty -2 3y EEREDIEADIGA [9662005] Akihiko Shirai
INBIDA 2T =T A ATWMOFFLFICLDZ S DBANEZ 5N

Dy

72120, ZOHRIT 4 RIREHRRIO X 5122 —F DAL E L LEITE
TR, RECRTIIBEZEH TSI LI3#H L W, TOEDER
> AT A [Fantastic Phantom Slipper] Tid, VREENGHT /-
DIT, WEPERAFECDL DONORFRRFEZANTVRS,

(Fig.4-2 : A w)NBIA > —T A1 A]

4-3 Fantastic Phantom Slipper

4-3-1 a7k
AHIIBEZTEDICREAVS. TOH, VREEIIBLWTHH
MCREANDDIIERTH S, ZOXKIRBZANSREHNTEHER
BEMBETED L 2—N A1 ¥ —T o1 AZKE L7,
INZEHEAL, VROT I 2—A A2 MEHAE LT Phantastic
Phantom Slipper] &WS A DIRKT 27 LAEBYEL 7=,
iz, BEN—FvILUT U T4 Z2B2ERIFFICBNT, TE>
AR —YarEiTn, Z<OMAZBITERL TWizEW,
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[(EL2MUBX] RREROT 7 botrE— 3y LBEREDVEADIGA [9662005] Akihiko Shirai

4-3-2 KE

NEC

| e s PC9B21/v200 i~ LED
PSD |« PC Floor Screen Vibrator T

CCU +—»[AID] [DIA =
e ]

Priving VIDralors — pyiying LED Markers

(Fig.4-4 : 4\, P SD, BEIMELEINEE]

EAx L2 A7 LHMRIZ [Fig.d-3] OBOTHB, T—HIIX
Dy NBDA 2F—T x4 X [Fig.d-2] #EEL, FERBPREA 7 U
—2DEIZINED, AUy NIZEEINZHR4EDOLEDIZP SDAA

C TIE-o TRIBEIN, TOMBIZP C L TRIBZM LD EEIc LN
B, TORERIIH LT, VRZEMADKREDEEDLBEREGENS 4D0
RETOREEZEHL, D/AIN—¥, 7> 7Z2RBLTEEEX
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[EX2URY] RREBERO7 7oty tE—a BEREDHBEADGE [9662005] Akihiko Shirai
Jw NN DRGSTE—FIZATT S,

BREIIP CHSIRE TP 2 /5 2B L TREDOT 4 AT LA 12HE
IND, I—VIMEMEELERR THET 2 Z ENAEETH 3,

d Fantastic Phanty ‘a

Lol [T Dwl (& - m

[ [___7. T - —

Q6 mm—

"GAME"

&
-0

‘Please Click Lhe ICONS-

Welcoffle ﬁ
" % 4 HOmE pna’ ,L

(Fig.4-5 : B EHRD—E)

[Fig.4-5] 13Direct3D (3RjLF T 7 4 7 A 1Tk > TH
PNTVWEP COEHED—FITHS, ZOMBRERRE IO I HIC
Ko THRHIEEL Tna,

4-3-3 R FGIE

{ARZER] b T —F O E LRI z=0FE LD 4 DD
(Ux0,uy0),(Ux],Uy1), (Ux2,uy2), (Ux3,Uuy3) ICEHR I NS, (RIEMIRIT
z=OFEICEEL, ROXDITERINS,

M HUO EERE (X, )
LY\ RRIRE) (AY)

=R
@i (R &)
(Fig.4-8 : {fAEM{E D]
TL—HORME (U3 Uy0~3) THENCKH L, PO EE

x,y)N6 DOEHEZEHT 5, B2 Z0FE FRGEBICHIGSETNWS =
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(ELEUM] EMBRO7 7Y FoErE—ay BEREDHIEADIGAE [9662005] Akihiko Shirai
DIMAX EFEr (REE N Y OOBERKR) B3ELWETHD, BEA

BRSNS EHBIITLE—HLEEZDORBIBRAEB (VA &7
D, BEMBICONE A0, HOMIRE D ERS,

[HIREFOIRENHIN]

ol
Low ~ High
[Fig.4-9 : iREhHER DH]

[Fig.4-9] 13& A KEMEICHNT 2 BB &FDMEICHBIT HIRE)
BOMETH S, ERBICL> THREWEE (T3] &5 Bk
iz L8, [Flig.d-10] 0L > RESHAMERES NS,

G0

PhS 271 Jj If]

i

vivz—evi'v2' [Lev
SR

(Fig.4-10 : BiEy/x st OBEE]

Low ~ High

Q)
=

V1, vIZBNWT, FiFZRLTWEPhSH, v1',v2)TldgHFEZRL
TW3, ZNNI—YOEEIZL > THRICEREINS L, FORREE
BRI TEERHIET 520, BRIZERIMTA .
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[BEPUBY] RBBRED 7 7 At E—Y 3 v EEREOWEADRA [9662005] Akihiko Shirai

4-4 LD

PhSEKOEBREDRERN S, EHREDMENIGH TS L TORE
R ERZEOBRFEIIONWTELEDT,

PhSHKDEMR & OREEANDIGAIL, BEMMEEL U TIRRT 520
EROBEREOEHANE L HHT B TIRRT DI ENEHEEZ S,
TDRITIEIP SDEDY TINI A LAARBEANEBEEHAEDOES Z
ENEET, ZCX D I—FOMBERICHIE L ZBEERE2RRT
5ZEMNAREE R Tz FEPADIRHIMREIREE LU THOMZES )L
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