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Effects of Composition of Oils on Oil-film Performance
in Light Load Journal Bearings

Satoru MATSUI
Yasuhiro NITAHARA*
Osamu ESAKI
Yasuaki HIROO

The oil-film performance of journal bearing is usually analyzed by applying Reynolds’s boundary
condition, in which it is assumed that the oil-film breakdown occurs at almost all diverging part and
the film pressure is neglected as a circumferential level. But in case of light load bearings, the con-
tinuous oil-film is apt to be formed even in diverging part, and the effect of negative pressure be-
come to be not ignored. Therefore the occurrence of oil-film breakdown directly influences on the
characteristics of these bearings. Although the lubrication states of journal bearings are significantly
affected by the viscosity of oils, in a light load condition the interactions between components of oil
also influence on the oil-film formation ability.

The author investigated the effects of composition of oils on performance of journal bearings
using the oils of identical viscosity grade., and following results were obtained.

1) In diverging part the flow patterns of pure hydrocarbon oil (Cetane) were different from those
of blended oils.

2) The transition from partial oil-film state to continuous oil-film formation happened at a specific
value in Sommerfeld Number S-crit of the oils own, and S-crit values were larger in Cetane than in

mixtures.
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Fast Hough Transform by employing Quadruple Simultaneous Recurrence Formula
— The Relation between Effective Bit Length and Accuracy —
Katsuyuki NAKASHIMA
Masatoshi TAKAMATSU
Yutaka OBUCHI
Katsunori INOUE*!
Yasuo TAKAHASHI*?

Hough transform (HT) is an effective method to extract line figure from picture image. How-
ever, it has high cost of calculation that prevents applying to wide practical use. The problem lies

in shortening of calculation time.

Previously, the authors proposed the simultaneous recurrence algorithm by which the operation
of HT can be realized with high speed and high accuracy. It is introduced in this report that the
authors manufacture special purpose hardware by way of experiment on the basis of the above algo-

rithm.

This time, the processing speed and accuracy were considered precisely. The variables are taken
in fixed decimal point integer with minor part. It is decided the best that the bit length of binary

integer bit is 20 digit by this consideration.
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ZZT
cosA sinA
A= : n
—s8sinA cosA

AZA-A™= [E] Thh, BE<HIGNATVE LS
WCAZIEIZE NTEREME (pra, pan) ZEREEHHH
(Z[EIER S ¥ 2 R EETS CTH 5, Z OEEEERD
BTFIER 2 IR EhTnw 5,
M2%BBT5E (x, y) RAHNEMEI— /2
%% 0 AMOEEEZZITT (y, —x) IZ%>Tw
5o TNEFHLT (y, —x) RAWNEIPOHF
[ (REFETED ) (CEEETFIE R LA LICELD 4=
/A ETOpEIREBIITTHB, 2T (2),

Pin

P 1=X-c08 B +y-sin@
p2=-x-5in6 +y-cos 6

R - jp""
X2 Calculation of p1 and p:2 value

(3) % x/2 fitHE EDHIIT
pr1=—x"sinf +y - cosé < (7)
pa2=—x-cosf —y - sinf -+ (8)

LB, (2), (3) ROBEIAMIEY THEK IS
pPERANT B0 pDEIRFR 2L LTS, (5),
(6) XD o =012 FBMHEIZ (paro, p220)T=(y,
—x)T Thb, 2ZTO=—n-AELTK ()
OEWARDOE n+1EH eo v+ 1T EBEF UERIC
XYy, ZOREIZL-T

pryani=x-sin(n- A+A)+y-cos(n- A+A)
=x{sin(n - A)cosA+cos(n- A)sinAl
+ylcos(n- A)cosA —sin(n- A)sinA |
=coSA * Po1a—SIN A * P22n

LEREIND, 72X (8) OHALXDIE p2.2041 13 %
DORIEIZL D

prann=—x-cos(n- A+A)+y-sin(n- A+A)
=—x{cos(n- A)cosA —sin(n - A)sinAl
+ylsin(n - A)cosA+cos(n- A)sinAl
=8in A * P21nt+COSA * P21

tERINSL, FRATOREHELT
P21 0+1=COSA * P21,n—8INA + p22n - (9)
£2, 2 01=8IiNA * P21a+COSA * P20+ (10)
BLAEME (p21o, p220)T=(y, —x)T THb,

ZZT
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‘,02. l,n’
P2, n=
P2 2 n
cosA —sinA
02 n+1—= . ,02,n=B,02,n"' (11)
sinA COSA
cosA —sinA
sin/A cosA

BiXB-B'=ET&Y, $72:B=A"Thb, Bid
FERE (p21n, P2on) % EFETHMNCIEER S & 5
EEETH E o TWDE I LAbhs, 22T (2),
(3) RITRTHEEIFRIEEICL 2 o HEORFEE 1 &
LT#EEHONL

P11, 0+1=COSA * P11t SINA + Pron (12)

PL2ar1=—8INA * P12+ COSA * Pran

- (13)
HLAEME( Lo, pr20)"=(x, )" & T 5,
2T
o= IPLL“] LB L
£1,2n
cosA sinA
£1, n+17 —sinA  cosA Pl,n—APl,n"' (14)
ZZT
A= cos.A sinA e (15)
—sinA cosA

2T ONEEBEHITIER 3D L H 1k b,
R DRENE pBER S NBIHFHIRERL TV 5,
%EJ', FHE (x, y)T N6 pLi, P2 B, Fip:t:!
& (y, —x)T S a1, P WMEREREINSGZ

(13 Covering range of pn, pu, pn
and p2

Ehbhh o, TOEBROEREZR 2 I EET
BIEM40 L)% b, Z2Tict5@, B, AD
BER& e DERSEZERLNS, R40FhEhO
HEEMBE LTS, AWML E ZcosA =1,
sinA=ALEPT B ER (12), (18) &b

-+ (16)
= (17)

PESND, BLMEMEIZ (Pruo, PL20)T=
(x, )" TH5,
F7230 (9), (10) &9

P11, 0+1= P10+ A ¢ PL2n

PL2ar1=—A * PrL1at PrL2a

-+ (18)
-+ (19)

PEONE, BLAMMEIZ (pae, pa20)"=(y,
—x)T Thb, 612 (16), (17), (18), (19) &
H£FIZ0=n<Ki=2"ix ThHh b, T TA=2™
(mIZEEDER) THb, 7260 — p FHDTEK,

P2 1,0+1= P2, ,n— A * P22

P2, 20+1= A * P21t P22

n/4

P2,1=y-cos G +x-sin 6|

p22-y-3in@-x-cos @

c
"1 p11=x-cos@+y-sinf

. P1,27=x-8in@+y:cos B
L

B4 p Value calculation using
quadruple parallel operation

B 5 Dimension of K, Ki, Lon 8 —p
plane
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K, LEkDEHicksb, K=[2"z], Ki=[2""
rlo BLL NI3EB/LEZERT LT IALSTTH 5,
LhHAMMIm=TDL E, K=402, Ki=101k 7% 5%,
ZZTK, KioBRIERS &% 5, 2oLk HIZK
(16), (17), (18), (19) M AAbE, NTEHE
ERX (1) 2NEXHFLL CEHET 2800 E5
Nz, SNEEBIIN—-FIZT7ICHARAL L EZD
HREICDWTRETHRRS,

3. BEE/INEAEEEREDESR

AMECTELEELHLRZE/, T2 TEZOWH
IR 2 N—FI 2 T7IZHARRAL 720D p # KT EHE
EROFMBU LB %2179, X, Y, 6 085 E K
BET2ERELZ, TNITm=128& L T
K=[2": 7 ]1=4025 ¢ @5 EIBASHRE S D TX,
Y OESEEDL I NICADLERLDIDTHE, D
B p DR KRMEIZ402X/2=568[Dot] & 7% 5%,

X 6 13W LR THAT S o 2 BBV NI TEB
L C Hough Z#ER (1) 2o DRELERLT:
BDTHb, G277 THITBRENRDK
X< %5 X, YPREDHELBT (x, y)=(402,
402) TH5H, K6 (a) ZEFELRICLSE D D,
M6 (b) IIHIETRLAZZEHARNICLEIDT
HbHo MPEN /20005202 8i12k)
/2 BT BBEOEREN L b LEKKICEE
ELTEENRI LTS, mKEZEIFLT[Dot]
Thhb, N— FI 2 TICHARALEIZIL o [E % 38
NS ECTELY 3R ) & BIERAHERMEC 2 B & [FIREICTE
BHEEOVERTE2BLOTI I TR o EE2HSRU/N
PR X BB/ A (DR B E /NS L & I
&) ELTHOIHED ZLiiT b, BEEHOWEL p
EATRKS6TI 7% % O THREHT £ TE b & T1l[bit]
VETH D, ZOHS/NEEH OB ZMTHET L
LRS- I2b—Y a3 rd2fTo7,
CORRERTIRT, KTNSO LY s T
FLTW5E, EPSIEIC s=6~9DFETH b, &
KEZEIsHWERALBBL TS, s=9 TED
ft121.7[Dot] &% o7, ZhUL s Z2HWIMEET
LEEDOREBIIRON Loz, $eo THEERIZ I
Wi LU ESSTH 5,

4, N—KY9IT7HER

(1) #HEEo7oy 7H
AFREN— P T7IHARALHRFZRHE I
AT, EE LTeERELRZFLICHNTWS,
Latch i3 vy VMY —FBOLIRAFYTHbH,

Error[dot]

ErrorCdot]

Errgr[dot]

)
n

(a)Parallel
Max Error 2.50dot]

n/2 6

——

4

(b)Quadruple Parallel
Max Error 1.70dot]

6 Error of two kinds of calcu-

Error

Error

X7

lation method for original
Hough transform expression
(Floating point operation)

s=6 Max Error 2.6[dot]

s=7 Max Error 2.0Cdot]

6
.
b4

s=8 Max Error 1.8[dot]

6
—
T

s=9 Max Error 1.7Cdot]

Error of quadruple parallel cal-
culation for original Hough
transform expression (Fixed
Decimal point operation)
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£+_\_pn1 ApD |- Wemory 19181716151413121110 9 8 7 6 5 4 3 2 1 0
Latch [::::!:::1:;;::::1::[
%A _____ DP
y " s Sign Bit " shift and Add
Yy Llo1. - (7bit)
” | +|S® | P12
Lur Li—le] R AR A G R
— b 1181716151413121110 9 8 76 5 4 3 2 1 0
]‘ . ey B9 Bit shift for add and subtract
x__ P21 | s L operation
Latch
] +3 - . :
+ b= it19
= > ADD
__;r_pzz ADD 1 —BL——E>0__ AR R
] LaTItc | 022 § or1 v{>IF 0
12
Clock 7 1
> > THL
B8 Hardware block diagram of = 6 OE ¢l
quadruple parailel calcula- =0 0L
tion 19 -
ADD
TTL74S, TTL74AS ¥V — X o IC THRK L 72, 18 p1.2|A
G2 oN7-miE (x, y)" 320 T FREHEAE o1.2 ]|
EATHEELRICA D SN S (R E¥5), 7 WE
—J, REFEHEE Y ORETTIREHIC W x n_|s
D2 OWHAMES N (y, —x)T BHBHEEL LTS5 = o B¢
2N, (HMOTFHy) MPMEEER, AL vF "l
EHEMICYI DBz oIy 2V ADANICE - 10 Detail chart of subtract opera-
TpPuy, Pz P21, Pu:WEFNIIEEINTIT L, tion part

ZOFS MR EINLE IO Y Z IV RITH —p XE
) OERBRMET~N MR I, YEFHONE
MHH1ENE, HTIIEBINTWSICH (1) 12
AT DDOLEUEBFFER SN TS, HL pEH
2OMPBOERTHDENLDTT FLAGEIZIES
L OBERIROBMPLETH 5,

ZORTERSE TR mHESDANREZ 21T
AFEL R CERPERTERZZ &850 5, Bl
BERLFIL L) eHREOHEIEL THD5 5 PGA
(Programable Gate Array) TOBEAHHE T
ICILDESTH 5,

(2) pfEOEY FE

3. HTOREH»SL pEOY v b RITEEIR L /¥
BHT % & A TIHNT, /NEERIE 9 HTAET2047 & L 72,
ZOeNThit DY 7 b EFIFTLHh o BRIEEIE
BETHIERIITRT LI pr1 DI2~19E v M
L OMSBARLATNS, THIIFFEY b T
b, T pL:DT~18Yy FASpL1 D0 ~11¥

MIRLAFNS, BRELTWYHEINS p T8
B BB 2T THED5 0110 0 ~ 8bit i24)
NETHNS,

(3) WEERDEFAIER

AREREE TS 7— 7 1320HT O/ B & @
ENBET—-FTHY, FOWEL (X8, SUB)
B0 &) IR ENTWSE, ARIIXR 8 0k L
HOFEMERL TS, BWEDZDD 2 0%
HES e RLICHNTWS, ITEy MEZETHE
FIIMSB L V19~ 0 & FEBEZ/H-> T D, T¥—
(ADD) i3 C=A+B 28t8 T 5, & THIZTH»
LOXx ) —% ANT 5T (Cl) BHb, 7
b (Shift) ZH % A2BODO %L X2 THE . pfL1
3EST~18y MIREEENT 1 ORRELRDT
o7 5y — (EEHIZIZEESR) ODBATD0~
1IE Y Mo STV D, B2 oL DBEY Y b,
EZFEOEIREINTB AHDI2~19E v b ICHES
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1 —
B Clock
11ns|ADDL
= - Ground
SN745283 —
i Dlatch Input "D”
11ns {pAppl "1 to0 "0"
__é—_—_ < Ground
11ns|ADD[ (a) | 45[ns] Vertical Axis 2 [V/div]
- ‘Horizontal Axis 20 [ns/div]
SN74550 SN74AS8374
SN74AS04 11ns|ADD[ Clock
2 Way n
Select InvertLatch __-r_—E_ Ground
ins |
: DLatch Input "D”

11 The longest loop of logic
signal propagation

ENTWE, TRy 7T57a 753 F0EMY 7

MY T S, FLTEY ) —ARwmT (CI) &
"1” ICEZEENTED "1 PMESRERMIC
P11 D 2 DR LIMEI TN, MBEK
BZDE) N LR E, +1IHON—Fo 7%
ﬁﬁ%'ﬂ_é Z %L gﬁﬂgb:?ﬁ:bﬂ%o 01,2 I ZDWT
WXZOBEIREII L AZEEHADTHFOHFFE Y
b (F519) FEBAOT7F—D B AS12~19E »
MZEFNER SN TN 5,

KYEME R B2 OTEB LB ET 22007 ¥ —
DAANNIZFNEFN 011, P12 DE DIt BWHEZFD
FFIASL,

(4) pEIBHNDT—R Mr—X L BEEE

H11C p fEETEOE S DIERHEE DO T — A M —
ARRT, T—AMNr—RZpOBRTMEY F2 5
DOHF LT DS BT D IC D EAiHT T TIE#T 5
LEICRETS, AREIOL) REEZELTY
%o 2 Way select IZFIMERRE L BREHEZ U
BEZBDICHEITONTWAS, Latch B R EE
LB epfETEHRL TV, ZOHIH
Oou1, P2, P1,° Pa2 CTdHb, Latch DRD A ~
N=Z X 2DRBEEL-ODLDTHE, T¥—
(ADD) ¥ x VU =Ny 77~y FRIOMERTH
5., IFIZER LA IC O L EHREERR
(TYP—HU.IMH) ZEEA LTS, K0 BIERR
ETE EMETT6.5[ns] TH 5B,

ZORTRLKEGZEZIMERO X v — (5
Fef, &5E155[ns]TH B, R TTL IC Ti 4

"0” to "1”
Ground

(b) 60Cns]

ER1

Experimental result of propa-
gation delay

bit BALD S D LA AFERTRELEDOTINL ) Ik
TWwb, 8bit 5\ iZ16bit OIMMEZREPAFTEN
X Z OEFED% ) OFEFELEN IS, ERLT7—
A M= RIZOWTERET - R BEELIR
T, HlESIZK1ILIF D IC SNT4AS374% Clock A
He (BEE1 (a), (b)) okE&) €D AN (AT
B) LOBOBMENTHS, EE1 (a) & Clock
ML EAoTD ADD ?17 —>70" IZELT 3
Bea, BEE1 (b) i Clock 25326 EAS>TD AJT-
A0 —>"1" BT ABEERL TS, #
NEEFBREOHFPKELLH60[ns] THBH, Thh
SEMET A E 0y 7 L— MEHITIMHz] &5
Z &S,

5 % %

(1) ETEEICOWVWT

8 DT, MEILZEICEET 2R/ Oy
27 EE1Z EFR60[ns] (R EFE-> THT0[ns] &
BLHEIND, 0 — p FHEHOEBABMEEILH
DR T, —HEOEBRBMERES50[ns] %1%
TWBDT (BERBRHEON—Fy 7 NERE
T5) pERERMOEEIETE, TEIZ/ A
T4 VHICETTRER O TEEOETHEE X ofE
SEHEIMTRE S, LA L 4D o MEHRBRI AR S
NEOT—2D pEH72018[ns] & 425, HEH
12k 0 — p FEHO—EH72918[ns] &% B, D
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(b) FIHT2

(a) Quadruple

12 Hough plot in the vicinity of
z/2 on @ axis for horizontal
line

WEIIHE ST/ ar EAMFIIN— F 7 0M
HRELEE LTCEIREHREHEESI NS,

(2) BEICDOWT

XHE (1) WKERIETARXTERALZ2EFI R
FIHT2 & ) dRENKE L (X-Y) FEAR
TKhkEX25[dot] DEEEREL TV, LHL,
SRIOLEELHIRDEE, 3. HTHERLZLHIH
HEAS2 BT 2H) »OEZONADTINDERE
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ﬁ@l%ﬂf%%ouwﬁMFHHZLlémik
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BARLTERLEZDDTH S, (a) BEAXD4L4E
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7 BRETEIEENRTYS

6. % & &

EXOHBEZBERHTHERDEI I B,

(1) EFE#E L% BT AR ) O RIERTY) & R
sHAAE ) O EERATFNEH LINELFIC X
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Measurements of Atomic Hydrogen Densities in SiH: Plasmas
using Laser-Induced Fluorescence

Koichi MIYAZAKI

Measurements of absolute and spatially resolved atomic hydrogen densities in SiHs (silane) plas-
mas were accomplished, using a two-photon excitation from the ground state (principal quantum
number n=1) to the n=2 state at 243 nm, a simultaneous excitation from the n=2 state to the n=3
state at 656 nm and an observation of fluorescence at 656 nm. The absolute density of hydrogen
atoms was determined to be 2X10% to 1X10®m™ in pure silane plasmas and silane/hydrogen mixed
gas plasmas at the silane gas flow rate of 5 SCCM, the hydrogen gas flow rate of 0-45 SCCM, the

total gas pressure of 8 Pa and the RF (13.56 MHz) power of 2-6 W, for electrode diameters of 100

mm and the separation of 20 mm.

1. & C & (&

KEEBMEOMHE L 2 5 KELTENV T 7T AT
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BEERIZL TR LEZONTBY, ZOXEED
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*e i?:i Rl —F— 630nm ‘
YAG L —H— HEBEEV AT A
YAG L —¥—EXH > BrREE
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FRi124E9 A L—F—#REIC LB SiH 77 AR OKERFEHER —17—
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T
1

KERFEEON0 M)
S

o | SH, 75X% ]
[ (5SCCM, 8Pa, 4W) |
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0 5 10 15 20

iR BN 5> DEERE(Mm)
(a) EWMOKREFEES

20 [rerprrerprrepreTTTY
‘e 15 _ -
R [
o
10 [ ]
&
N
g [ |
® 5} 4
¥ - SiH, 75X~ 1
(5SCCM , 8Pa , EiRH 5 10mm) -
0 ...-I....Iunl-u-l--.-l--..lu..l.-.-

RFEH (W)
(b) AEEFEED RF EBIKFEHE

10 P
SiH/H, IRATS X

8 | (8Pa, 4W, SiH 7l S5SCCM, -
XIRH 510 mm) )

KEFRFEE(0m?)

H2 # R 7 E(SCCM)

(c) AEHFARBICLZKRRTFEENEAL
3 AMEFREAEMRER

X ER LY, ESME, SiHH AR 5 SCCM,
H: % A& 0 ~45SCCM, &4 AE£7)18Pa, RF
BHI~6WELE. COHEZERICE4DDR
®ITT, L—F—RDOAS L HEBAZITo 7
Bz, JOUVARIER YAG L—H¥—ThHiE L7z
BEL—F—ERREICLIBEREREBRL AV,
WHE243nm O L —HF— & #EF£656nm D L —HF —
YA E, SRS Zo0kF, I T—EHAVTRHE
1275 AHICAS L7z, #&E656nm DEKIT,
L —F L BEE I L TEAFA»SL Y XT
EBHL, AV FBEU 74NV —2BLTHAET
MEsCBRESICERL, FYuRa—7THI
L7zo KEEFEEOBBESM % NS 2581
i3, EEAHRehETE» L1,

4. WM E & R

X3 (a) ~ (c) 2, KERFEEOWUELRT
F¥. BUEHEEZFDOIT—N—1F, FhEFN8H
DOPEDFMEL ZOEERFEEZEEZRL T 5,

3 (a) i, SiHs ¥ A& 5SCCM, HREH8
Pa, RFENAW CHIE LA-BBREOKERTE
BESHOUERRETH D, Hiht, EREBHPLO
EEC, 20mm Ok Z 5k RF BEOAME XIS
+ 5, HtaE, HELHEETHE X ) RDIK
EEFEETH D, KEETFEEIZ6X10"m ™
ECIRITEHTH o7z, FHFRETHEE L7ABDOHE
&fETd, MULKFHEGMATHo 72,

X3 (b) X, KERFEED RF BHKFED
HIEERETHD, BEICEIMLZRFEHZRLT
W3z, KEEFEEIZ, RFEHOWME L DBICW
BRpZEmL,

K3 (c) i, SIH« FARIZH: FARRLIZRAL
A OEBMB.LIIBIT A KRR TEEOHER
Bodhb, SiHiHAIZ5SCCM —E& L, &7 A
JEH% 8Pa, RFEH%Z 4WIZRDL, He FARE
% 0 ~45SCCM ¥ TZ&L &g CHIE L 720 HDHH
WICRAEL-H TAHEEZRL TS, KEETF
BRI, KEFTRARELLEDTEBBIIBI L,

5. ¥ =

3 (a) TiX, BREOKZERTFEEIZIZIZ—
BThol, ThiX, EHIWEVD, 77 X<Hh
BT AARERFOFHEHTEAS 3mm BEL
B, KERFIBEMILASTEBLTWA2DL
Ezonhb,

M3 (b) BLU (c) ofIETIE, BUHERST



ABRTEHEHPIEBARLE

AR DRLERDT, HEIZOWTIZEBEE RO
1XTEDHAEEZ, BRIERBOWHE— FOM Lk #E
2BE, T7IXAIHPOKRERTERE nu iZRK Tk
%éh%o

(m+m+mmam+mm%=mMm@+%i (3)

__( Iy 1
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v BA RN O LB

n.: BFEE

nsu : SiH« 53 FHEE

nu : He 0 FHE

ki~ks : il Kﬁ"?ﬁfﬁﬁﬁ%ﬁw
Du : 8 2 IR T KFEREFOWLEARE®
| ; B R

CORDEDE 1 HIZ SiH: FFANDOBEFHREICE
BZRERFOER %, EHE2HIT H 5 F~ DB
FHERIZLBZKERFOEE Y, G0% 1 HiZKE
FEFOSiH G F L DILERIBIC X 282 %, 60
FB2HIIKERTFOURICL 2B EE LTS,
COR LY KFERFEERIAR TS IO,
— (k1+k2+ka)7;m.+k4ng, e (4)
ksngi+—
T

K3 (b) Tix, RFEHOMKL & bIZKAEETF
BESEML, i, RFEHHEKLLDICE
FEERLETFREN SR, (4) R SiHi 5F
DBEFHRBHEIC L 2KERFOEREEIHEL &
57:%, Thbbki~k®n AKEL 2572012,
KERTFEENIHEAKTEZIDLEELZONS, K3
(c) Tix, KEFTARBET S LAEEFEEI A
BRI L, AR, R1BLIUE20MES
(4) RIRALTHEB L AZEFEEOTILEE
BMTRLTEY, HEERICIZIZ—HLTVS, &
MAEDOHERMETIX, KEFAEZBETEHE, (4)
ROGHOE2HOEROBEIAKELL Y, F7-
(4) KOG T DOE T HZME BE O FBE EHAT SiHs 53
F (ki+ketks) I8 LT HAF (ko) 2K L,
H: 3 FDEENEL % 5 L AKERFOEHEE W
57202, KEBRTFEEIBITHLDLEZ LN
%,

$B16% H15

1 KEEFICBRT 3 RIC & RIGEEENK

BB BIbEEEH (m®/s)
SiHs+e—SiH;+H ki=3.0x107"
SiHs+e—SiHz+2H k:=1.5X10"1¢
SiHs+e—+SiH+H:+H ks=9.3x107
H:+e—2H ke=4.5Xx107®
SiHs+H—SiHs+H: ks=2.5X107®

+2 KERERFOLBMEK
(SiH ¥ A i 5 SCCM, &4 AEF 8 Pa)

KFEH AR (SCCM) RS (m?/s)
0 1.3
2 1.9
5 2.2
20 2.5
45 2.6

6. = & o

AR T, BEE4IMmM DOV —F—Hick s
HFEhE & F656nm D L —H — Kz X 5 FEE
EEITVIERK656nm OEKZEBAT 5, L—F—
HEELX AT RFRE SIH: /5 X< hDKEE
FEEZFHIL, P PHREBRHOFESAB LU
BRESGICL2EELEL R/, AHETOHES
£, $4bb SiHi F AR 5SCCM, H: ¥ A&
0 ~455CCM, &4 AE}H8Pa, RFEH2~6W
T, AEETFHEEIZ2X10%~1X10%mTh o7,
¥/, FEOBBESAIZIZZ—HTHY, RFE
HOBME L DICEEIXEL 2D, KEFADRSE
LEDIEERRBIIBA L, ThbDkERT
DOEEE, KEETFOER - Kt - BEF VT
Eﬂiﬁgf:o

FEFRICEL Y, SiHe 75 AP CREL B %
BLTWBEEZ LNTWABKERFOEED,
BIZAL TR0 7, 418, FFERORED, 75
A HOXRERFOHBIZBZRITON, TELT 7
A arEREOMEREICHES TS0 LH/FET
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BERA V5 — 3y MEEBE WWW 2 BB TR AT A OME

HEHA V77— 2y MiKBE WWW 2w/
BRI Y AT b OEE

AN SR AN

Computer Terminal for The Internet and
Management Support System in Classroom

1. ¥ z2 » &

H4E, £ 0LEORAERS L TREORAF
58S, 17 —%v b DO WWW (World Wide
Web) OR—=JIZBBEINTEY, W20
EZIZBWVWTIRBEFERE L TE-Mail (Electric
Mail) #BHALTWVWS, T L) RHERRICH
20T, ARELEOBRR, EZFEHITBVTH
WWW OEER E-Mail OFAZEE R E, 15—
v FEFMBETAILENTTE, B D 19944 6
B4y =2y MZEREINTEBY, REEXE
EL LT, av€a—%2y NI —2OFHEZLE
FEThHHLEZ, HEERIERN S FELHRIC
BB - ERERE PO L WWW 2 W28
EETBRVATLAYEEL, FAREEZRSLZ LI
L7,

EBIZBWTA vy —F v FEHBET I,
(1) FE¥pfEE, (2) EFFHERE", (3) K#E#MH
ZERFRATLIHENHITONDL, LHL, (1) i
HEERTE TR S5EXRS AL ) XEEFEEELE
ENB-OBHNICHICEDRY, (2) IREFSB
U5 BEDIEREZ v, (8) REEI DWW ZE
WTWARHEI WY, FIREICE > TRAMVELR
HEA %V, —77, 19964E 3 BICERB SN v
Pa— %2y b I—2 I RAFLY CHEAIN K
= N EOTEE20004E (Y2K) MBS 572
DIz, 19994 8 Bic— B2 EH LY, 0O
VW — R MS-Windows IZXHIE T X ZWniiwn
MS-DOS B2 BRIH L T, RXEHMEEHRITE
B 5 EHEIC, BB, EFEFHRBOFHIELEL),
WWW % k# & E-Mail k8% —&B3FO%EL
726

P14 5 H25H $E

Naruto EGASHIRA

FIRLITBWTIE, HIEFBRTER S FHE ISR
& L7 WWW ki & E-Mail S KB OBBIZD
VTR, B, EEEENCER L L IEEL
FREETIR D AT ADOY — EARFICOWTHEN,
BBICEEICH L TIT o 2 0FARRICET 2 7 ~
r— PORERIZOVWTERT S,

2. PEXBARKBOBE

HEICREBET A 7-00mEKBOEMEE LTIX, U
TORESBITONS,

(1) BREOBHESR YR TV L

(2) V7 T2 T7ORE), RTHERDRTWVI L

(3) "—Fox7, VI NILTHRETHEIL

(4) VAT LADOREFTHETHL L

DX &M EHET S WWW i KiE & E-
Mail kB AHBEL, 3257122 TIH
LAN Y AF A9 28K L7z,

2.1 WWW inkis

BER WWWliKi#gE: LTHwWEa Y Ea—%
IBM RS/6000-43P i3, M LAN ¥ 27 4D %1
P NEHICEAINZ DT, —NERHEE L
THEINTVWADT, FHDERASL v FIZLo
TOSDY Yy vFI Uy 2f7H) T LHTE, BED
DRERIVATATHS, OSELTA YA M=V
L7z AIX-4.1.4 1%, Y2K RifEd S % b DD, UNIX
THLIOMELRL-TERZIToTBY, VAT
LDRENES T, WWW 75 9 FREERRIC
HZEHIAV, LoT, RVAFLAREKEHR
WWW ikt L RS2 HREEALTWDE LE
ATRHALZ:,

BV AT LARBELL—TEEPIZINRTVST
DL—-FBFXITIVENDH LI, WWW 75
FOAREZFIFERLD, REOL—-FRHLIIAT—




AERTERERIERCE

gl6E %15

F2BEBLTBE, 202 —¥gTus{4 L7
i, WWW 75 5 ¥ E8ICEsI L, Zoft
DY —ERIZV o SWFIHTELRWE S IRRE L,
¥/, AIX-4.1.41%, BEGEIZHSLTEBY, BHE
BANIDPTETH B,

IBM RS/6000-43P # H\WTHEH WWW %
BEERTA2FRET LD S,

(1) BIOS IZ Y2K Mt/ F2 4T3

(2) AIX-4.14% 4 YA P—=NT 5

(3) Netscape Navigator # 4 Y A b — )L 5

(4) 2—F2BEFTS

(5) BEZ 7 A VEET 5

DEDEXIIZ, s — " BEHHLAFHERRT
VW WWW SR % 52 Ic kB L7,

2.2 E-Mail gk

E-Mail TOHEHRKBIZBNT, BHEHO»H»
L5508 AT THDB, BEICHIVEa—
¥ % BFH L7 E-Mail KB ZEATLZ LI2&
D, ERVERZBRITEEE 25,

— %12 E-Mail X FEBFROZEZEZITI DT
H5P 5, E-Mail SR L L TIZXFHH L 1B
D/ABZVE YT 7 FWMETRSTH D, 22T,
HAFEDFRRTE S MS-DOSHIZA —H Ry b —
I H—FEELRAAR, telnet 7075 A %BfEE ¥
BHIEILXoTHEHALA, OS L telnet 70 7 5 A
FEDLETFD (7uvy¥—=F14RX27) 1 D&
BYATFATHD, ZDYATFAIREL VAT
T2nAs, U TIWTHBIHUIINY 7T v THHEH
BYRFT L T TIADoDBHEFRNC LIYFHT
H5,

#HBEH E-Mail WRBOERFEEZR T,

(1) FD#74+—=<v L, MS-DOS %A1 v A

P—N¥ 5
(2) A=Y RYPT—2H—FDOFIANEL >
A b=t 5

B) I/OT7 FLALENY AARAFEFT 4 RET S

(4) telnet 7S A6% L VA M—=IT 5

(5) NG XA —F HBRET S

DEn XSz, fHBEIZFD1 oK ZEH E-Mail
WEBEERTAHZ LATE S,

3. WWWHWEREETEXT A
FERIVATFLREATHILICLY, BEAND
N R IBRRBEITWELIREZEZ A LAST
&/ COVRATLAERZERIZBITHIERISHRAEFR
BEELDITIE, FRADPIHFRIBEZTO LEEDH

Please input command name and password

] —

B1 3avr FRENZT— FOADER

5, FFICKEREBEBRZICHRBE LA LS, &
FEEICER L -HEREE T WWW 2w
FREE B AT LAREET LI LICLE,

3.1 €X21UF 1 DR

BEEELIT) -OOBHRIEBMLEEZ 5 3T,
TIGANY ORES LU L OBBE L TEEICT
AZEDZHICEEL
FEFEENPSLOTHORETEL I HIZTHDIC
X, N2 6 OFELTRRIC LAITIUTR 628,
FIBRZRIF 2RI NE TS AN 2 RETE R LR D,
I—-PEHEYBBIITATRVSY, BFFIE8sER
EBRBOY —NOL—FZHENRAT— FeHFHEHIE
L, X2 )F 4RI YRk, #ZT,
R1i2RT 12, a<vy FEENRRT—F2AD
THMELE WWWAR—-U% CEETIEY, EX4%
AV FHRENRAT = FR2 AN LRITFTRICED
L7z, THICEY, EELLRFHEENED ThW
POHFIEITo 72,

3.2 A AZa~—

[HIEERTEROFF LT, UTFTOA=a—
i A AN

- fTEFE

- AR BRISBE TR

- EEZBRISETFIR

- TEER AL

- RHEH

- RA—EEX

- ERAE—E

- HEOHSE

- TR

ZDHL, FICTERZ LEBIZOWTEHHAT %,
3.3 EHWSE

BB, EFEEZIT) SVWoORKEEL LT,
LERPKEANDODEMEEE T L O/ [HMKEE],
BRBIEEI D00 [RBOZ-OOHERE] BLO
(AR AEEERKESE - X, ¥ KREL
TZERL-BICIERET S [ZBREHEE] BLU [RFE
Bl 5, ThooHRYE, HEERTERME
SFOEFEANIREELCH S, EMKEEL &




PR 124E9 A

BERAA 52y FMEKBE WWW 2 /2B ER 0 27 A OME

USZBHEEIGIF 77 A VE LTV T &
WTE, TV VY TCHRILTHETAZ LTS
X3 L7 REBIZBWTIZ, HBEHDSLELRT-
O, WWW 759 ¥ ECHEHEB2RABL 2y
795k, HEICE-Mal B X, HEZFOWNE
7)) 5 CEHRI L CENZ {3 722 CRITTE 5 &
TR LZ CORBBI AT AL, BELHE
BEAETHIRFEEZROE720, FFETHo 72,
3.4 RKAE-RK

BREHICBNTIE, SEEMAZLFRIEE
HZlllhb, PREFEABRFEBLVEMINSK
A—BRIIHRYTHY, FRLHLIEESh T
L7, —ERIZWWW R—T 0 URL SR X
NTWTHFEEITETLEN Do, ZO—BR
I EXCEL T b DRI TH o 72D T,
FDT774NVEL LV, HTMLERICEET S S
U755 % CEREBICE>THERL, WWWR—
DODURLZ27V vy 7557 T, YFHALED WWW
R-—VrHBETXLL9I1ZL,

3.5 ERFE-RK
EREBICBWTIIABRIR?ED 5720, L
CEZBRT L0, BORHICHETLLENH S,
FOODOFEHRBLL LT, FEENRTWELEL
BIUKZEZERET A LIZLE, 12721, 735
ANV REOBE P LEREKTEEFLEEL,
ADPRESINEZWE )T RLZ, Thickh, =B
FTHELEBLVKRFEOREN AL =R Z o7,
3.6 BT

ARYATHIBVWT, ROIEERREERELLE
DOV, BFEFAERIATLTHD, BFERHKY
AT AD—TWEE 28T, TNEFRDEER ) v
735E, HBIIRT LI, WEEXRHI LT

- ’99-07/07 10:24:28
- '99-07/05 17:44:22
- 799-07/01 12:39:24

(%
{
{
- ’99-06/25 13:54:07 [
[
[
[

PHERR]

- 799-06/23 11:50:28
- '99-06/22 12:25:09
- ’99-06/22 08:42:27 [15tk &, 39y B~]

B2 H7 R (55H)

i
]
]
]
]
]

15tk B, 395y B~
B
BHAKE LDT, RELTFEW,
Bk
3 °'99-06/22 08:42:27 [15tk &, 39w BA]

X5, FERPICBVTIR, 57 FLRIZE-
Mail 2% 5% &, EMall DA XAK 3 D L ) iz
HTML (Hyper Text Markup Language) 7 7
A vfeshn, M2o by FIZHfMFE E-Mail DRE
O—4TEMPEB E LTEMSh, 774 vLahi:
HTML 2 Y 7 hEbh5, DEogifex B8N
WiTh¥s 705 a% CEETHREL,. .
FICEBLETH0IIREETIHHRONBTHY,
AV FHENRRAT—=FTCFLN TS LTV Z,
ZEORA, FHEES, BB - £%%, FEIFH
BEBDNE R EBNBNRRT H2TEEENH S Z
LTHb, T, NP LFEEEFREIN RNV
BDIZ, FEFZBSOT 2HICA =V Y V2207 E
DHBNEFEEE L], COBNES2HVEE,
FERARPUFZFELZ B HoTWE b DITHEFIT
&5, TRUANDBOH»BIEY FALERZAFT
ERTNITHBTE L WD, LhReLR 5,

4. FHEOFERR

PDED Xz, HEH WWW BEKi#gs L 0 E-
Mail B RKBEORRE L, FM L TRAIFHRRLY —
A% ENZITZRENFBLDPOT V7 — MRE
270D T, FOBEERT,

7 v — M, 20004 2 A17H IZHIMIER TR
54EAE3TZIC LT, 199944 H~20004E 2 HE C
DHVERIZBWT, FHOIYEa2—F iy b 7—
7 OFARREFE L2, DT, HEMEIIEET 3,

4.1 FIAHBEH

AT —Fy hegdlars¥a—FiRy bT—
OFABEIZOWT, B ZEASEEELE
LISRd, [(HERR) ] &, T8l & E2%] ot
b5,

F1&Y, 12237240 BbE»-7-1HHE
3 [EBER] THEE HD, Rid [#2] THholz, 2

®1 ALE1—2Ry MNI—V%EDLS AW
THALE LAY (MEAI)

" B 141 21 3fr E
B OB 2 7 9 20
# 9 1 4 16
(HER%) 11 8 13 36
¥ 7 1 10 9 27
x & 4 9 4 23
S 19 7 2 33
Z DAt 2 0 0 4




ABATERETFIFRLE

FE16% F1F

fir, 3MLICBVTIE, FHE L IFHTHEmMIH -
72o ERAZIZBWTIE, T(GER)| OEBAFED
%<, ZIZEAMFHMELTBY, 20T (@K T
Holc, [BIK], N#E%] BXU (BB 1%
DIFABEARZ L, BBEEZLTVRLEEDE AT
BRICE L TWAHERAIDDH S LHBTE 5, BIVE
BOFEHLY, —AdA3AEBIIOVWTHHEL
TWABZ Ebhol,

4.2 #ALERXY F7—I9HY—EX

EDEI Ry PI =Y —ECREFHLRIK
OV, EE2RASEIEREE2IIRT, &2
X0, 1NZBRLALZENREL Lo/ WWW
ThY), FHREVEEANSR THo7, 2HMLDOER
PBDEDP>7DIZE-Maill ThHYH, 2TH5HFH
BN Thol, EABEALL, FLALDREE
AWWWEZERLTBY, RITE-Mail TH ) >
FAD2/3% LBz, BREKOFEH LY, —AD
72026HEDFRY P =2 —ERAEFIHLTW
A ldbhrol,

4.3 %y bT7—UOFIBBFR

IRy P =2 —ERAERFHALRPIZD
W, JEZRAIELERELRIIIRT, B3 &
D, 1NERBRLZEFRLEPoIZERE S
TWAEREMRETH D, RICEPo7-DIT45EE
WL BERERBTHo 72, EABEASL L,
RENRZELHEHAREBI RS, SEMEKL

F2 EnLS56H-EXEFIALE LD (MBEAD)

IREBHAREBOFOBRIIKE o2V S,
BREROFEH LY, —ADH/-D31EFH»PLE Y
FI—OH—ECRAZFIHLTWAZ bR o7,
BETREZ L, BELOOFAHENI0LD
12Xl THbD, BREWCA VI -3y MIERLT
R/l LERLTWES,

4.4 %y b7—-UH%—-EXOFREE

2y bT =% —ECXOMHEKEICETIERE
FA4IIRT, ®a4$D (1) ~ (3) I22nT, £h
Fh—oFOoBRIE/z, (1) DELEHTE-Mail %
FUHRBIIBLF1H~ 1882 ~ 3EEETH-
1EZOND, (2) OHEM E-Mail kg0 FH
B, mAEFE RSP S E ) E-Mail ©
¥ErZEz5L, 2L ETRHEIDPDH7-DIZFH
BENV holebEZOND, Thbb, EEN
WTHDBRFEZ RP oL RERETHAH,
(3) O#HEH WWW SmKBOFIHEED FKET, 1
BOADEHTHoIC EDLLT, R{FAHSN
YA

4.5 1ERY—-EXDOFA

SREVER L7, HHREEY - CXAOFBREOK

®4 FIRRECRBTIRE

H H 14z 24 34z E O
TELNET 1 6 6 14
E-Mail 3 18 5 26
FTP 1 1 2 7
NEWS 0 2 5 10
WWwW 33 2 1 36
Z DA 1 0 0 1

HE 0)) (2) (3)

10m] /BE R 2L b 0 0 0
1El/BEAE 12 3 5
1E/8E E 12 6 14
1mI/B UL 2 8 8
ZENLT 10 17 6
Eq2%i) 1 3 3

®3 EHrSH-EXEFALE LD (Ef)

(1) ENLSVOHBTE-Mail 25A T 3TH

(2) 5SHBIZH D E-Mail ROFIHBEE XX TL
=38

(3) 5SHEIZHL WWW HKOFIFREL2H LT L
vy

&5 HEARBIFMOFSICHENT, EDLH %L
H—EXEFALE LAY (Bf)

B H 14 2 3 | E K B B 14 24z 3 | E MK
BHE 3 4 8 24 TEFE 2 5 8 27
63 3 7 6 21 RAE—% 11 6 4 22
58 K= 9 8 8 29 ERFE %K 6 6 3 22
X 17 11 1 30 HETH 2 6 6 24
B % 6 1 1 10 TR 18 8 4 32
Z0i 0 1 0 1 ot 1 0 0 1
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BERA VY —F v FREBE WWW 2 V2R R Y 2 7 2 OBE

#6 HMMBIEROFSNSEWVT, EDLI R
H—EAVFRTHZ EBVETH (ML)

H H 142 2L 3hL OB
THEFE 0 6 5 30
RKAF—E 14 8 6 33
ERAHZ—E 4 7 5 29
HETH 3 6 12 30
B 20 5 4 35
Z Dk 1 0 0 2

BIZOWT, R5ITRT, ®5X D, 1ALE2BERL
EENRL S, oY — Y RIL, FEONHLE
EEToTWz [HB5RK] THY, Kk [RA—K]
THholz, EXAEZRSLL, [HBRK] OX°
[fTEFE] Thh, EiciEsrrE8hsholz
PEEOBRDRICLTWEY —EATHH I LI
277, BREBOFEH LY, —AHD34EHED
YF—VCRERFHALEZ bl ol

4.6 FLETIWBREHBY—-EX

FEDHLET HHERRBYT —ERICDOVWTEE IS
T, E6 XD, 1UBRLIZEIROS Do
720l T3], XA [RA—E] THbh, FH
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An Inquiry into the Vertex Search Algorithm for
Digital Voronoi Diagram
Michiharu MAEDA
Nobuyuki TERASAKI *1
Hiromi MIYAJIMA*?
Abstract

This paper introduces a vertex search algorithm for digital Voronoi diagram. The technique in-
cludes that the set of vertex candidates is obtained on picture cell (pixel) and the set is expanded to
virtual pixel. By repeating the process of segmentation and search, required vertices are obtained in
finite region.

Index Terms: Voronoi diagram, digital point, planar graph, vertex search

I. INTRODUCTION

Computational geometry involves a re-
search field which develops the algorithm effi-
ciently dealt with and clarifies its ability, by
introducing the theory of computational com-
plexity into the geometry". In the representa-
tive applications of computational geometry,
for example, there exist computer graphics,
geographic
computer aided design and manufacturing. By

robotics, information system,
pursuing the geometric structure for the fig-
ure from the viewpoint of algorithm and
computational complexity, the large-scale
composition such as the Voronoi diagram has
been carried out?. The Voronoi diagram ful-
fills an important role in various fields, and
numerous studies have been made”™®. In the
meantime, for the digital points, Parui et al.
suggested the digital Voronoi diagram whose
definition and formation techniques ' are
shown in the reference®. The preparation of
the digital Voronoi diagram by the pixel
proposed” .

paint-out method was also

Though these algorithms constitute the gener-

FRIE S A26H XE
*The author is with Kyushu Regional Police Bureau.
*2The author is with Kagoshima University.

ous structure in the digital points, hardly has
been mentioned the preparation of the
Voronoi vertex.

The Voronoi diagram signifies a figure
which shows the influence sphere in a large
number of points (sites). The set of sites for
the digital image is composed of pixels. This
paper introduces a vertex search algorithm
for digital Voronoi diagram. To begin with,
the set of the vertex candidates is obtained
as pixels for given sites. Then, the acquired-
set is expanded to virtual pixel. Subsequently,
the new set of vertex candidates is obtained
by segmentation and search. By repeating the
process, required vertices are obtained. Nu-
merical results show the effectiveness of the
present algorithm.

II. DIGITAL VORONOI DIAGRAM AND
SPACE SEGMENTATION

The traditional Voronoi diagram can be
made by calculating the perpendicular bisec-
tors between sites?. When the sites are pro-
vided in the planar graph, the Voronoi region
in one site is obtained as the following. First,
the perpendicular bisectors between the sites
are calculated. Next, as the regions
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surrounded in the perpendicular bisectors are
examined, the region which includes only one
site in this region is made to be the Voronoi
region in the site. The Voronoi regions for
the sites are determined by executing this op-
eration for all the sites (See Fig.1).

The digital Voronoi diagram is defined as
the following description®. Pixel p is repre-
sented as coordinate (x, y), where x and y
are the positive numbers. The set of site pi=
(ri, &) in n piece is shown as follows:

G={p|i=1, 2,.., ni (1)

To begin with, the site p: is given in the
regin for the preparation of the digital
Voronoi diagram. Then, the Euclidean dis-
tance is calculated in all the pixels p in the
region as follows:

d(p, p)=v/(x—r)+(y—c:)? (2)

Each pixel is classified into the region in
site becoming the shortest distance. Here, the
Voronoi region is represented as follows:

Vip)=Nip | d(p, p)<d(p, p)} - (3)

i#j

Fig.1 Voronoi diagram. The points and

the lines depict the sites and
Voronoi edges defined as the bound-
ary of the Voronoi regions, respec-
tively.

On the preparation of the Voronoi dia-
gram, the incremental method and the divide-
and-conquer method are well known?. The
former needs O(n?) time and the latter needs
O(n log n) time as the n sites. Then, O(n)
space is also required in both. Meanwhile, the
Voronoi diagram is constituted as a planar
graph of the n regions. Each of h edges has
two vertices, and each of m vertices belongs
to three edges at least. Thus, it is made to be
2h>3m. From the Euler relation n+m—h2>2,
it is known to become h<3n—6 and m<2n—
49,

M. SEARCH ALGORITHM FOR VORO-
NOI VERTEX

In this section, a vertex search algorithm
for digital Voronoi diagram is presented. In
the first step, as the regional division number
is adjusted by given sites, the regions are di-
vided in order that the Voronoi vertex may
become clear to some extent. In the next
step, when the Euclidean distances between
sites and pixels which constitute the region
are calculated, the Voronoi regions are de-
cided. The circumference of one pixel is com-
posed of eight pixels as shown in Fig.2 (a).
For the pixel in the region, it is examined-
which region in the site the eight pixels be-
longs to.

In Fig.2 (b), there exist different three

(a) (b) (e)

Fig.2 Digital Voronoi diagram. (a) The
circumference of one pixel is com-
posed of eight pixels. (b) There
exist different three regions in
the circumference for the pixel
which seems to be the Voronoi
vertex. (¢) A region of the square
is composed in order to contain
these candidates.
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regions in the circumference for the pixel
which seems to be the Voronoi vertex. If the
condition is satisfied as the pixel has the dif-
ferent three circumferences, therefore, this
pixel becomes a candidate of the Voronoi
vertex. However, the pixel which seems to be
the Voronoi vertex appears four at least.
Therefore, as making these pixels to be can-
didates of the Voronoi vertex, a region of the
square is composed in order to contain these
candidates (See Fig.2 (c)).

If the set of the candidates reaches to the
effective figure length, the value of those pix-
els is determined the Voronoi vertex, where
the Voronoi vertex is a central value of the
set of pixels. If it does not reach, the candi-
dates of the Voronoi vertex are expanded to
the virtual pixels. Further, as the process of
the above is repeated, the Voronoi vertex is
obtained.

The search process is shown in Fig. 3.
The pixels of the vertex candidates are ex-
panded to the-virtual pixels, and the pixels of
the candidates are newly searched again. The
similar process is repeated until the termina-
tion condition is satisfied. The above proce-
dures are described as follows.

[Search Algorithm]
Step I Initialization:
Give a set of sites G=1py, ps,..., ps}, initial
division ws, search division u, and figure
length of termination /.

Step 2 Initial classification:

Calculate the Euclidean distance between
each pixel and site, and let the closest
point be the control region in the site.
Step 3 Selection of vertex candidates:
Examine the region into which the cir-
cumference eight pixel are classified, and
form a candidate set Si of the m vertices.
Step 4 Vertex search:

(4.1) Set k<1.

(4.2) Decide the square region wveXue in
order to contain the candidate pixels.
(4.3) Divide into the region uXu and set
L—lX v/ 1.

(4.4) Classify control region in the site,
select vertex candidates, and reset S.
(4.5) If I.>1Ir, then go to 4.2, otherwise go
to next.

(4.6) If k<m, then set k<~k+1 and go to
4.2, otherwise go to Step 5.

Step 5 Termination:

Let S: be the i-th Voronoi vertex, where
the vertex is the central value of candi-
date pixels. O

N. EXPERIMENTAL RESULTS

In the numerical experimentals, Table I
shows eight sites, including indexes of sites-
and their coordinates of x and y axes are

presented. Here, these coordinates were

TABLE 1 EIGHT SITES. THE INDEXES OF
SITES AND THEIR COORDI-.
NATES OF x AND y AXES ARE

Set l<+1/u, where i=1, 2,..., m. PRESENTED.
sites X y
""""""""""""""""" 0 0.40539000 0.83049000
i o L
G — T — 1 0.53773000 0.50690000
.......... 2 0.86373000 0.43374000
............ 3 0.81657000 0.45127000
Fig. 3 Seargh process. The pixels of t‘he 4 0.31386000 0.69817000
candidates are expanded to the vir-
tual pixels, and pixels of the candi- 5 0.85784000 0.50377000
dates are newly searched again. The 6 0.63369000 0.29400000
similar process is repeated until the
termination condition is satisfied. 7 0.51205000 0.66705000




MEMOIRS OF KURUME NATIONAL COLLEGE OF TECHNOLOGY Vol. 16 No.1

TABLE I VORONOI VERTICES. THE SET OF THE REGION
INDEXES, THE EXPERIMENTAL RESULT, AND
THE THEORETICAL VALUE ARE PRESENTED.

region experimental result theoretical value

{0, 4, 71 (0.41930403, 0.72304715) (0.41930457, 0.72304772)
{1, 5, 7} (0.69885581, 0.61487027) (0.69885602, 0.61487040)
{1, 8,5} (0.69857843, 0.58649259) (0.69857856, 0.58649358)
i1, 3,61 (0.66894656, 0.43796592) (0.66894678, 0.43796715)
11,4, 74 (0.39465910, 0.56609234) (0.39465931, 0.56609255)
i1, 4, 6} (0.04486092, 0.15667363) (0.04486025, 0.15667385)
{2,851 (0.84955616, 0.46781043) (0.84955643, 0.46781060)
12,38, 61 (0.78730386, 0.30033507) (0.78730406, 0.30033646)

formed by random numbers generated by
computer.

Table I shows the results of obtaining
the Voronoi vertices and the set of the region
indexes for the proposed algorithm. The re-
gion means the Voronoi region in the circum-
ference for the Voronoi vertex. Here, the
theoretical value is a real number in search
of the intersection point which divides the re-
gion by calculating from the sites directly. In
the calculations, the initial number of parti-
tions have done with =100 and the search
number of partitions, with u=20. As a result,
the values which agreed with the theoretical
values were obtained, when the effective fig-
ure length whom we want to is the five digits
under decimal point.

Let us, for the moment, consider other
experiments. The Voronoi vertices are ob-
tained by supplying 100 sites as well as the
above. The results are presented in Appendix
A. The initial number of partitions have done
with v0=400 and the search number of parti-
tions, with ©=20. In this case as well as the
eight sites, the experimental results corre-
spond to the theoretical value under a
prespecified accuracy.

V. CONCLUSION

In this paper, the digital Voronoi dia-
gram was made and the algorithm which cal-
culated the Voronoi vertex was presented. As
a result, it was possible to obtain the results

equal to the theoretical values at the

prespecified accuracy. It wants to made that
the consideration of computational complex-
ity is obtained to be our future work.
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APPENDIX

I. LIST OF ONE HUNDRED SITES AND
VORONOI VERTICES
sites [index (x, y)]

0 (0.01055924, 0.00396735) 1 (0.33514916, 0.03326467)
2 (0.35571832, 0.21719692) 3 (0.53696498, 0.19577325)
4 (0.70032807, 0.94990463) 5 (0.27478447, 0.44428168)
6 (0.10897993, 0.69822232) 7 (0.56433967, 0.04150454)
8 (0.16516365, 0.81547265) 9 (0.68552682, 0.76438544)
10 (0.82761883, 0.95951781) 11 (0.21942473, 0.42679484)
12 (0.95259022, 0.83952087) 13 (0.92323186, 0.81089494)
14 (0.45102617, 0.60474556) 15 (0.66166171, 0.59971008)
16 (0.54917220, 0.72001221) 17 (0.11395438, 0.40619516)

18 (0.12143130,
20 (0.56424811,
2 (0.17981231,

(
4 (0.53830777,
(
(

0.67124437)
0.34448768)
0.42307164)
0.64548714)
0.26892500)
0.58112459)
0.80515755)
0.24042115)
0.98368811)
0.07391470)
0.40491341)
0.24902724)
0.73594263)
0.13058671)

19 (0.47489128, 0.49109636)
21 (0.86872663, 0.26440833)
23 (0.69477379, 0.16369879)
5 (0.62339208, 0.00305180)
27 (0.46106661, 0.38654154)
29 (0.60346380, 0.27981994)
31 (0.29498741, 0.33389792)
33 (0.41397726, 0.05429160)
35 (0.00161746, 0.40982681)
37 (0.25430686, 0.97465476)
39 (0.19714656, 0.19708553)
41 (0.75812924, 0.88935683)
43 (0.46131075, 0.53156329)
45 (0.45801480, 0.48398566)
47 (0.11459525, 0.70133516)
49 (0.87556268, 0.04275578)
51 (0.62082856, 0.77109941)
53 (0.23599603, 0.33548486)
55 (0.61420615, 0.03106737)
57 (0.80823987, 0.62909895)
59 (0.55194934, 0.57160296)
61 (0.86952010, 0.82444495)
63 (0.99134813, 0.98207065)
65 (0.29538415, 0.71802853)
67 (0.49240864, 0.17517357)
69 (0.77448692, 0.38867781)
71 (0.14489967, 0.33630884)
73 (0.64847791, 0.70933089)
75 (0.72098878, 0.99766537)
7 (0.37671473, 0.98362707)
79 (0.45230793, 0.23730831)
1 (0.62629129, 0.70777447)
83 (0.43250172, 0.00369268)
85 (0.98670939, 0.45722133)
87 (0.64448005, 0.56473640)
89 (0.30981918, 0.89832914)
91 (0.61277180, 0.08187991)
93 (0.67472343, 0.92509346)
95 (0.68085756, 0:30963607)
97 (0.97743191, 0.92094301)
99 (0.91355764, 0.41953155)

6 (0.78721294,
8 (0.37680629,
30 (0.17056535,
32 (0.40863661,
34 (0.49408713,
36 (0.06973373,
38 (0.35510796,
40 (0.21167315,
42 (0.90537881,
44 (0.03527886,
46 (0.59696345, 0.25320821)
48 (0.64927138, 0.88624399)
50 (0.55350576, 0.51071946)
52 (0.25366598, 0.21701381)
54 (0.56623178, 0.13284504)
56 (0.94868391, 0.21271077)
58 (0.71506828, 0.73240253)
60 (0.16797131, 0.33237201)
62 (0.61472496, 0.95356680)
64 (0.73756008, 0.50977340)
66 (0.28580148, 0.63984131)
68 (0.55918212, 0.38391699)
70 (0.65085832, 0.12707713)
72 (0.91898985, 0.65445945)
74 (0.65552758, 0.66138705)
76 (0.42111849, 0.56220340)
78 (0.01464866, 0.94209201)
80 (0.54636454, 0.49454490)
82 (0.58329137, 0.78974594)
84 (0.83561456, 0.71598383)
86 (0.35284962, 0.93916228)
8 (0.69852750, 0.22348363)
90 (0.07217517, 0.95719844)
92 (0.84724193, 0.72712291)
94 (0.49375143, 0.28586252)
6 (0.35471122, 0.75538262)
98 (0.24454108, 0.41034562)

vertices [region |*| experimental (x, y) thoretical (x, y)]
{0, 36, 441  (0.00177060, 0.07140340) (0.00177167, 0.07140558)
{1, 33, 831  (0.38248600, 0.01407120) (0.38248701, 0.01407251)
{1, 2,33} (0.35306240, 0.12437680) (0.35306380, 0.12437752)
{1, 2,52} (0.30484864, 0.12976928) (0.30484885, 0.12976940)
{1, 39, 52}  (0.25971120, 0.10975348) (0.25971207, 0.10975359)
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95,
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39}
67}
67}
32}
52}
54}
94}
671
o4}
791
93}
751
93}
751
38}

, 28, 66}

981
661
98}
471
47}
781
914
551
9

rTE=

89}

o
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90}
471
90}
581
48}
73
514

9, 51, 734

{10, 63, 97}
{10, 61, 97}
{10, 41, 61}
{10, 41, 75}
{11, 53, 98}
{11, 22, 53
{11, 22, 66!
{12, 13, 61}
{12, 61, 97}
{13, 42, 611
{14, 24, 59}
{14, 43, 59}
{14, 16, 24}
{14, 43, 76}
{14, 16, 96}
{14, 28, 761

{14, 28, 96} .

{15, 57, 64}
{15, 57, 74}
{15, 64, 87}
{15, 24, T4}
{15, 59, 87}
{15, 24, 59}
{16, 51, 81}
{16, 51, 82

(0.20383220, 0.06268050)
(0.41270520, 0.15924360)
(0.40803028, 0.14403444)
(0.35491392, 0.29093060)
(0.30460560, 0.26475040)
(0.60209020, 0.18779200)
(0.54001280, 0.25264320)
(0.52927152, 0.15392464)
(0.50383508, 0.23529042)
(0.49756340, 0.22250580)
(0.71655965, 0.90753646)
(0.65941776, 0.99595040)
(0.65821160, 0.96775050)
(0.76247546, 0.95136942)
(0.34947360, 0.49504720)
(0.28691712, 0.54168808)
(0.24580004, 0.43966770)
(0.21224340, 0.54589440)
(0.29906584, 0.39219656)
(0.11912320, 0.68654160)
(0.05956240, 0.79398414)
(0.03034945, 0.80798623)
(0.59337900, 0.05590576)
(0.58277632, 0.00524812)
(0.56734600, 0.08713120)
(0.48961680, 0.05329200)
(0.49262660, 0.08867989)
(0.24195170, 0.84911174)
(0.21841664, 0.89020156)
(0.16778000, 0.91855720)
(010134030, 0.77547835)
(0.06865436, 0.85351988)
(0.76076714, 0.80424776)
(0.70516560, 0.83655072)
(0.67903848, 0.72875788)
(0.65888928, 0.82278272)
(0.65108430, 0.74757004)
(0.90980100, 0.96848720)
(0.89370640, 0.90598120)
(0.83111120, 0.88656544)
(0.76485696, 0.95218570)
(0.20473824, 0.37697070)
(0.20413408, 0.37686094)
(0.18752440, 0.55359460)
(0.90642410, 0.85750030)
(0.89862010, 0.90048400)
(0.88686040, 0.77995360)
(0.50579080, 0.60128160)
(0.49678720, 0.57386160)
(0.46221608, 0.69463350)
(0.45758011, 0.56835268)
(0.44653680, 0.70798220)
(0.41140864, 0.60081220)
(0.38900680, 0.67120080)
(0.74006640, 0.58888200)
(0.73028320, 0.63767680)
(0.70306914, 0.55766020)
(0.60080040, 0.62480000)
(0.60115038, 0.60773034)
(0.59842072, 0.61838440)
(0.59134240, 0.73665680)
(0.58484618, 0.74577096)

(0.20383398, 0.06268192)
(0.41270686, 0.15924532)
(0.40803069, 0.14403503)
(0.35491403, 0.29093097)
(0.30460666, 0.26475114)
(0.60209348, 0.18779353)
(0.54001346, 0.25264439)
(0.52927224, 0.15392565)
(0.50383575, 0.23529085)
(0.49756440, 0.22250854)
(0.71655975, 0.90753653)
(0.65941807, 0.99595096)
(0.65821164, 0.96775063)
(0.76247562, 0.95136951)
(0.34947574, 0.49504849)
(028691727, 0.54168831)
(024580017, 0.43966783)
(0.21224550, 0.54589500)
(0.29906635, 0.39219770)
(0.11912515, 0.68654237)
(0.05956289, 0.79398801)
(0.03034967, 0.80798633)
(059337943, 0.05590598)
(0.58277665, 0.00524830)
(0.56734784, 0.08713208)
(0.48961728, 0.05329330)
(0.49262662, 0.08867993)
(0.24195242, 0.84911262)
(0.21841719, 0.89020176)
(0.16778100, 0.91855841)
(0.10134045, 0.77547854)
(0.06865438, 0.85351991)
(0.76076833, 0.80424868)
(0.70516581, 0.83655109)
(0.67903894, 0.72875817)
(0.65888944, 0.82278292)
(0.65108435, 0.74757018)
(0.90980121, 0.96848761)
(0.89370731, 0.90598370) -
(0.83111155, 0.88656572)
(0.76485710, 0.95218616)
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Dependence of Oxygen Pressure on Properties of Chemical Battery
using Na”-Al:Os as a Solid Electrolyte

Koki SHIGEMATSU
Jinichirou KUBO
Mikio UMAKOSHI

Three types of chemical batteries using NafB”-Al:0s as a solid electrolyte were set up to study
mainly the effects of oxygen pressures to emfs and to the activities of Na:0 in the NaB”-Al:0s com-
pound. The results obtained using type-1 battery, Pt, air, a-Al:Os, Naf3-ALQOs/NaB”-Al:Qs/Na:0-WOs,
air, Pt show that activities of Na:0 in the Na:z0 - 11Al:0s compound under the air varies from 107"
to 107" in the temperature range from 550 to 1100C and logarithm of activities are proportinal to
the reciprocal numbers of temperatures. The results obtained using type-2 battery, Pt, Po:(ne)/
NapB”-Al:Os/air, Pt show that there seems to be a linear relationship between emfs and logPo:(ne)
changed from 1072 to 107" atm at constant temperatures of 1000, 1050 and 1100°C, which means that
this type of battery can be used as an oxygen gas sensors. The results of experiments obtained using
type-3 battery, Pt, Po:(ne)/NapB”-Al:Os/air, Na:O-WQs, Pt show that activities of Na:O in the
NafB”-Al:Os varied from 3X107% to 3.4X10™" corresponding to the change of oxygen pressures from

107% to 107" respectively at 1000C.
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700 0.55 66.6 —15.59
650 0.57 72.4 —16.31
600 0.016 82.4 —17.20
550 0.46 88.9 —18.18
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Examples of Virtual Knot Diagrams
Which Vanish the Conway Polynomial

Shigekazu NAKABO

Abstract
Several examples of virtual knot diagrams which vanishes Sawollek’s Conway polynomial are ex-
amined.

1. INTRODUCTION

In ordinary classical knot theory, we consider embedded loops in 3-dimensional space and
their projections to an appropriate plane endowed with information of crossings. We call such
projections diagrams. Virtual knot theory was proposed by Kauffman [3] in 1996. It is con-
sidered as an extension of classical knot theory (cf. [2]). Diagrams examined in virtual knot
theory are allowed an additional type of crossing. Namely, three types of crossings appear in
virtual knot theory: the classical positive or negative and the virtual. Practically speaking, a

virtual knot diagram is an oriented 4-valent planar graph embedded in the plane with

appropreate orientations of edges and additional crossing information at each vertex as de-
picted in Fig.1. Two diagarams are said to be equivalent if one can transformed into the other
by a finite sequence of moves depicted in Fig.2 and isotopies on the plane. A virtual knot
(link) is defined as an equivalent class of virtual knot (link) diagrams.

Recently, Sawollek [6] defined a polynomial invariant for virtual links, which was derived
from an invariant of links in thickened surfaces introduced by Jaeger, Kauffman and Saluer
([1]). 1t is called the Conway polynomial for virtual links because it satisfies the Conway-type
skein relation. On the other hand, in [5], Satoh gave a systematical construction of virtual-
knots from virtual arc diagrams, which are immersed and oriented intervals in R? endowed with
information of crossings, to investigate the correspondance between ribbon 2-knots and ribbon
torus-knots in 4-dimensional space. Due to his method, for a given virtual arc diagram, a vir-
tual knot diagram is constructed by replacing crossings as shown in the left of Fig.3 and con-
necting two strands associated to the ends of the arc diagram. A virtual arc diagram is said
to be classical, if it has no virtual crossings. An example is illustrated in Fig.4. It is con-

A X

positive negative virtual

Fig.1
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structed from the classical arc diagram obtained by cutting the trefoil knot diagram at any
point on it. Satoh also mentioned that it vanished Sawollek’s invariant. Thus the following
problem naturally arises: does any virtual knot obtained from a classical arc diagram, through
the above construction, vanish its Conway polynomial?

The aim of this paper is to seek for the other virtual knot diagrams which vanish
Sawollek’s invariant. In Section 2, we review the construction of the Conway polynomial for
virtual knots due to Sawollek. In Section 3, we shall give several examples which vanish their
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Conway polynomials.

The auther would like to thank Ayumi Suzuki for her help in drawing the figures. This re-
search is partially supported by Grant-in-Aid for Encouragement of Young Scientists, Japan
Society for the Promotion of Science.

2. SAWOLLEK’S CONWAY POLYNOMIAL

In [6], Sawollek defined a polynomial invariant of virtual knots (links), which satisfies the
Conway-type skein relation. In this section, we review his construction of the invariant.
Let D be a virtual knot diagram with n>1 classical crossings ci,..., ¢n. Define

1-x —y 0 —xly
M+:=(_xy_l 0 ) and M~:=(_y_1 1—x)

For i=1,..., n, let Mi:=M+ if ¢ is positive and let Mi:=M- otherwise. Define the 2nX2n matrix
M as a block matrix by M:=diag (Mi,..., M»).

Furthermore, consider the graph belonging to the virtual knot diagram where the virtual
crossings are ignored, i.e., the graph consists of n vertices u,..., U» corresponding to the classi-
cal crossings and 2n edges corresponding to the arcs connecting two classical crossings (the
edges possibly intersect in virtual crossings). Subdevide each edge into two half-edges and

label the four half-edges belonging to the vertex vi by u*, ir*, ii”, ir~ as depicted in the right of
Fig.3. A permutation of the set {1,..., n} X{l, r} is given by the following assignment: (i, a)
— (j, b) if the half-edges i." and j»~ belong to the same edge of the graph. Let P denote the
corresponding 2nX2n permutation matrix where rows and columns are enumerated (1, I), (1,
r), (2,0, (2, r),..., (n, ), (n, r). Finally, deine Zo (x, y):=(—1)*® det (M—P), where w(D) de-
notes the writhe of D, i.e., the number of positive crossings minus the number of negative
crossings in D. (If D has no classical crossings then Zo (x, y) can be defined by Zp (x,
y):=0.)

For example, the following is the matrix M—P for the virtual knot diagram depicted in Fig. 4:

1-x -y 0 0 -1 0 0 0
—x/y 0 0 -1 0 0 0 0

0 0 0 —y/x 0 -1 0 0

0 0 —-1/y1-1/x 0 0 -1 0

0 —1 0 0 1-x —y 0 0

0 0 0 0 —x/y 0 0 -1
0 0 -1 0 0 0 0 -—y/x
-1 0 0 0 0 0 —1/y 1-1/x

Sawollek gave the following theorems on the properties of Zo (x, y).

Theorem 2.1 Zb (x, y) is an invariant of virtual knots (links) up to multiplication by powers
of x*'.

Theorem 2.2 If a virtual knot diagram D has no virtual crossings then Zo (x, y)=0.

Theorem 2.3 Let (D+, D-, Dv) be a skein triple, depicted in Fig. 5, of virtual knot diagrams.
Then the following skein relation holds:

x‘%Zm(x, y)—x% Zp-(x, y)=(x'% —x3 )Zoo x, ).
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3. EXAMPLES

Figures listed in Fig. 6 are virtual knot diagrams produced from the classical arc diagrams,
which are obtained by cutting prime knots with a small number of crossings, via Satoh’s con-
struction. Each value of their Conway polynomials have been confirmed to be vanished
through computations by Mathematica®. This result convince us of the affirmative solution for
the problem proposed in Section 1. '

It is also interesting to modify the crossings of the diagrams in the table. For the first
entry in Fig. 6, some of such modifications are illustrated in Fig. 7. The first four diagrams ar-
ranged in the top and middle rows are given by alternating some classical crossings. By
changing the connections of strands, the last ones in those rows are obtained. The bottom row
consists of the diagrams given by changing some classical crossings with virtual crossings. We
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can see that the diagrams in the top row and the first two in the bottom row vanish the invari-
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ant, although the others do not vanish and do have mutually distinct invariants.
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