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Buckling of an elastic tube owing to pressure difference
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Abstract: An elastic circular tube under a pressure from outside begins to collapse
to have a cross sectional shape similar to the ellipse, when the pressure exceeds
a certain value. This phenomenon is called “buckling” . In this paper the ratio of
longer and shorter diameters of the ellipse—-like shape of the cross section is
analyzed theoretically based on the mechanics of elastic bodies. This study is
motivated by a need of theoretical works in the field of clinical medicine, where

the collapse of vein by the outside pressure is a matter of interest.
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ZZTROIEENEZDEEZ, e FOMEFIZK TS Ap DEEEITHLS, T2 T, HEHT
AW RTA—=20Dfi%, LT XS ITRKET D,

EFZOMPBIEZILLETHE, E= (1.5~5.0) X10° N/m?. v=0.5

BoHA X ¥ Ry = 510 mm = 0.0050.0l m, FX D= 1mm = 0,00Im
BRI 72 EF175 ¢ Ap = 6 mmHg = 800 Pa (/XA A1),
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ELRy IZOWT, ERROBNIED D5 W ITiR/NMEZES L ApcC DOH#iPHIF0.48 < Ap C <128 &
H. ZOHEIZ, KA RLEZ T T7OEROHHEZALTWND, LR >T, KigXT
BN HERRMERIE, MEICR T 2REORBEICANCENTE S Z BRI ND,
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Appendix

Appendix 1

g AB & #4r AC, BC TPHENT-FIKIX, do DU/ THNITEA =AM LAR LTI, F
72. AB=ds., BC=dR = R(s +ds) — R(s) =Z—fds“(“%§>@’(‘\

VIR 4 )

AC = Rd6 = /AB2 —BC?2 = /1 — (dR/ds)?ds, = df =

h B Gny # s TR LT,

ds
d’R _dsiny dsiny dip dp ACdy
42 ds - dp ds ¥ s TABds 12)
_J1—(dR/ds)*ds dip _ — dyp
= — E—\/l—(dR/ds) ds-—=
- . d d?R
camb. GoDR, L=28/ T(dR/ds)? BEPND.
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Appendix 2

K42 DOFFICE VT, FHIZA(4.3) 2R L TR L2/,
1/R =1+ acos2s + a?cos?2s — a3 cos® 2s + a* cos* 2s + -+

dR/ds = —2asin2s, d?R/ds? = —4acos2s

J1 = (dR/ds)? = /1 — 4a?sin?2s = 1 — 2a? sin? 2s — 2a*sin* 2s + -

1/y1 = (dR/ds)? = 1//1 — 4a?sin? 2s = 1 + 2a? sin? 2s + 6a*sin* 2s + -
R-d?R/ds? = (1 + acos2s)(—4acos2s) = —4acos 2s — 4a? cos? 2s
1 —=(dR/ds)?/R = (1 — 2a®ssin® 25 — 2a*sin* 2s + - )(1 + a cos 25 + a? cos? 2s — a cos® 2s + a* cos* 25 + -+ )

=1 — acos 2s + a? cos? 2s — a3 cos® 25 + a* cos* 25 + - + (—Za2 sin? 25)(1 — acos2s + a® cos? 2s + ) = 2a*sin* 25 + -

=1 - acos 2s + a* (Cos2 2s — 2 sin? 2s) — a (cos3 2s — 2 sin? 2s cos 2s) + a‘*(cos4 25 — 2 sin? 25 cos? 25 — 2 sin* 25 + )

d2R 2 cin2 4 a4

Ie2 J1—=(dR/ds)? = —4acos2s- (1 — 2a*sin®2s — 2a*sin* 2s + --+)
= —4acos2s — 8a3cos 2s - sin® 25 + -

R-y1—(dR/ds)? = (1 +acos2s)(1 — 2a?sin?2s — 2a*sin* 2s + --+)

=14 acos2s — 2a?sin? 2s — 2a® cos 2s - sin’ 2s — 2a* sin* 25 + ---

1—(dR/ds)? d?R
@Y _E8) iy
=1—acos2s +a?(cos? 2s — 2 sin? 2s) — a3(cos® 2s — 2 sin? 2s cos 2s) + a*(cos* 2s — 2sin? 25 cos? 2s — 2sin* 2s + )

—(—4acos2s —8a®cos2s-sin®2s + ) —1
= 3acos2s + a®(cos? 2s — 2 sin? 2s5) — a®(cos® 25 + 10 cos 2s - sin? 25) + a*(cos* 25 — 2 sin? 25 cos? 2s — 2sin* 25 ) + -+

Appendix 3
TRNF—U ZRDDLTZDOFEH AR,
/2 z T (T2 7 s
J COSZZS'dS=J cos?X-dX/2=-, j sin225-ds=j sin?X-dX/2 =~
0 0 4 Jy 0 4
/2 7 3m (/2 7 3
f cos425-ds=f cos*X-dX/2 =—, f sin425-ds:f sin*X -dX/2 =—
0 0 16~ J, 0 16

/2 g T
f COSZZS'SiHZZS'dS=f cos?X -sin®?X -dX/2 =—
0 0 16

_50_



AN oA S = o N
A WOREREE FH 31K F 2w

HERGFARNREERICE ITSRABIAS I &
FEEENDTEEDR K
I mp=3:
FTRERKE T290-0193 FEEMEMS 2L E/ 4-1
(B#& % : T290-0073 FEEHTRTENFEF R 2-4-14)

chaosfractal@iCloud. com

Equiperiod bifurcation and the stability exchanges of the periodic
orbits in the area and orientation preserving map

Yoshihiro Yamaguchi
Teikyo Heisei University
(2016 £ 6 H 8 H=fF, 2016 &£ 8 A 14 H=H)

Abstract: The area and orientation preserving map named the sine-sine map 1is
introduced. This map includes the two parameters. Using the sine—sine map, we study
the bifurcation that the two daughter periodic orbits appear through the equiperiod
bifurcation of the mother periodic orbit. We remark that the periods of daughter
orbits and that of the mother orbit are the same. Using the geometrical method, the
stability exchanges of the symmetric periodic orbits related to this bifurcation are

discussed

Keywords: Sine-sine map, Equiperiod bifurcation, Symmetric periodic orbits,

Stability exchange

1. L HIC

G B4 LA S SIS <o Tninet BEbn b 0T, &I EHERESS
WZB T DEEM SR DOFMHZIT 5. FEMITHEF1]Z22FIC LTI LY.

FARTZ IRt EIR G MRGEG B E T 2. 88 q(= 1) OHuEEZE 2 5.
JAHEEOWIE S Z MR 2, (0 k< q—-1) &3 2. JAHELE SIS W TRIZMIT 2 317
T 5L 21T 2PN DBMIALITI M(z) BFOEND. qAMIDOLE, M =M(z41) -+ M(21)M(z)
DOEFAEZ 2 3258, TROBEAHFEANGLND.

A2—2rA+1=0. (1)

ZOXRDEND 11X 217 2 FIOMIBALATINOITHXN 1 ThDHZ LItk D, ZOWHEITE
BRHEBRA T ARGEEBR THLZEICER LTS, r 358 T 2R84 537 £
— 2zt Irl<1 WzdHe, A z IHEAEEHRER TS L. Z05E, o0
AE AL TERLEERERD.

Ay =71 1iy1—712 = exp(£if). (2)
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IIZT N=1, tanf=Vi—r?/r. WIICRLEE DS, AE 0 2315,

(a) (b)
Im )\ Im )

IN 0
oelro ::9/ e

1 BRZVPE BT sEAMOBE. BLTRINZEZLZHOEAGMEZFRSGE, JAH
BLOE IR MR A HEGE T D, (a) BEHIMGS. T A —2 o (7213 ) 122 Tolk
T IS . BT RINTEEAMEZ b 2EMEGE L, KiEx L b5 RARESELETH
B. (o) AN ST A—2 OB (EF2HD) CONTOIE 0 ISESL . HATRE
NrEAMEERS b OEMEE L,  SAVRE#EETH 5.

JE G oyl & R R o 2 kb L2 RN G 21T5 . £9, r &2 -1 I2E250 58, R
z FEAWESEZEZT (K1), Zo%a, 0 1 nicik>3<. —FT, r & +1 1T
DT HE, Aoz FREHSEZEZT (1Mb). ZoEs, 0 1% 0 1cik>5<.

JEHARE I N A U, Aoz OBFAMEIIA =1/, < —1<A, <0&§=7. 2F 0, &
ZIZIKHEZE E b7 RABREMEGER 2 5. FEMOENEC =%, szo @A HEiE
0<A_=1/A; < 1<AMEWiTZT. DFV, SzZT@EFOY RABEMELER & 70 5.

JE IS A3 U2 K o T, BEJE I iE 220> © B JE H80E o J8 ] o0 A5 o iR E M EGE S — o8l
% . IRJEBEE O JE W S B E O o 5225 2L X0, 2 05 E RS ik
EPRIEND . A K o C, REJERIGE 20> & [ E $E0E o JE 3 &R CE o a5 E 5
LB o8N s. REMELE L R CEAMOBRBMEBENETCDLZ XY, ZO50IIEHE
JEEASYIE & WRIE D . 2 D3 o0 @R 2 3 ] JE B 45 I & A

WKL OB ERNT L. VA > TWAHMEHREMEE A BHAEEL) &5
RABIE I EGE S (F RLEEELS) OZEENANEDLIBRIZHONT, U7 v
7 (Wilbrink) [2] 23 1987 FFIZHE L. NEIL, H D37 A —FZ THH DY KA SICE
DY, BN TA—FEWENTHEHVICHDIT FVRBFEHSRIZR2ENWIBRTHD.
THNEFRBROBLG 2 HH 1T 2001 FICHOFAZTRDIFZ3]. ZN6FmXTIE, LZEHD
ANED Y OBRZEOBEGHIRMBITIIITO TV, KXo A%, @ER26 2 Huv
THMRE Y FVRORZEEDNZNT HBEOMmM RN ELEZ 221D, DD
SFFRAR O JE A E 2 T O EDE T OEAICE R USRI 2 EMEDORRIL 2 3T
5. LT, ZRBIG L5 & JIRER D EE o & S mE RS THD 2 LR T.

W2ET, KL THATIEHRERNL, BROMEERZEAT L. ISR EEA
Li2#%, BR80T 23T, E3FET, BHALEY FLVSOREENZRT
LB L ) RBEM OB EERR TS HAET, BREELDHSBROBEE RS,
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2.
2.1. B{&

ARFaXCHEAT 2 mERTE S (Sine-sinemap) Typ [B1EZMAT 5. GBT,,1x h—7
2l (0<x<2m 0<y<2m) CEZINTWND.
Yn+1 = Yn T fa,b (xn) (mod 2m), (3)

Xn+1 = Xn + Yn41 (mod 2m). (4)

ZZT fap(x)=asin(x+bsinx), a=0, 0<b<1, f,,0x)=—f,(—x).

JE HHE O B S B W TRIEMT 21T WS DN BEAEAER TERSIE, ZOEH
OB 2 3 RS HIE0E &S, EAESAERLE TH 256, 2 O HEE 2 £
HEE &S, FEEAENERTAOE AL, RisZ D ¥ RABEE#ELE & FES. T
BTIZBWT, a>0CTlE, FREIAN - 2H5. P=(00&Q=((m0)TH5b. @B & A D
RBE2 TV T4y 7 BREND.

AEELUSOEMEGEOHR T, F—T A@E A Xl A AIZEEE L TW D EBELEE E X D.
KL TIE, FFICHE RS x =22 A b A ~E M Tx =080 Ao TL 2 JE H#LE D H 4%
9.

1.0 -

05+

0.0

S1,5(0)

2 BUEBBR OB fio() FKEATHINTVD. B fi0x) TREATH I LTV D.

HAET,, T, b=0&THNIZIEAESH (Standard map) [4]E 725, K2 ZFMH LT, B
fao() & fap)DEWEGHAL L 5. KH[0,nllcB W T, BEkf()idx = /2% 8 & LK
FX#HTHD. Lol, B S, (b= OEXHE0,7IcBWT I DX D et k% Rz 72
V. KRE0, IR T D, B f,)DMKIE, OB oN Tx=n/2L 0 EIZBEIT 5.
XM [m2rnlicdsit 2, BEf,)D/ L, bOEIMI SN Tx=3n/2L 0 HICBET 5.
I b OEMm CRIEZECRWGE, TopyaTE, fio()% f(x) & BEIZFET.

AKX THHTLIEBRTICB T HMHME CROEEREFRA AL OVWTERTHEL.
— I 0%, /0y, >0 (<0) WM T HEBREZHEFRALNEELAETHEHBE VNS, 2T
MT 258 TOSE, xBOME O EICHEE NS CTREMRIITIC L > THIZ 46 <. X
ST, 0x, /0y, = IRV LD, il & L Cx=nilh L2 ARBHQEY EFITBETHIZHONT,
x T ~OBBHEEES NS5 (X3). ZAIyEEMEAEZ 5 L L #E mEEd 52 &%
BERLTWD.
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> X
X=T

3 xfill I EELARMRATIE, TICK » THIC 45 JEEL . BEfx=n(@y =2 0)DHA ZHWT-.

22. }EEXNTR

GHTEZ %A (DI 9, Involution) ZFMH L TR T 2 [1]. &HNIET =Ho G & 53 fiE
5. 277 L, HoH=Go G=1id, detVH =detVG =—1. S&IZ K D1EMIT—FED K fin
ETHb. BBRPHFAEOETET L5, ZOFBRIIANA—a 7OE®RTO R WiEL oL
Wbhivd., LT TIEBRBICELTEDIZHFNOUNE DB bbb, MECEHDE
Fxh Fitlort.

G:y<y+f(x),x < —x, (5)

H:yecyxey—x (6)

FELT, xey—x X, g—0)2bbldTxicELEVIEWRTHD. O RKHITE
WCOWTHLRETHD. Go G=idlE, EEDHRIZGCE " MEHTILETOMBEIZRD Z &
ZFEWRLTWD., £/, Ho H=idbRBEOEKRTH DH. detVe = -1, GOMBIBALITIID
TR DOER-1THDHZ L ZEHRLTWVWD. detVH=—-1b R TH 5.

WIZ DT =hogZ4TH. 7272 L, hoh=go g=id, detVh=detVg=-1. xf&gt
hDEFREH 2 5.

g:ye-y—fx)xe<x, (7

h:ye—-yxex—y. (8)

KAEDOTREEOESITAHBEMTITND. 2 THACONHMES, L EL. HY D%
BORNHBICE L CHLRBEOTEEZFIHT 5.

Se : x=0,m, 9)
Syt y=2xy=2x-—m), (10)
Sg 1 y=—/Df ),y =mn—(1/2)f (), (11)
S, :y=0. (12)
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ZZ TS DEHINZHOW T T 5. XG)2b, EbiZx=008%5601%. 4) T
%, xIZx LT mod2r #EAT5. 2Ly, XOG)IF xe2n—x EEFENTH LW, &
ST, bIOEODOMNHMx=anGobnDd. FEEICEZ T, BYOOMHBRLILED. KR
SgDIFHDOUOEDTH Dy =n1—(1/2)f IOV TITEERRLETH L. b LERT, %
MEmCERTDE, ZORMBBMIFLELRD. ZOMHBRILI N —F AW TOBREFELETS.
GBTOEFREZ b—7 A E LEZEEIE, ZoMHBRENHATL2720THD.

sl |
Sg
5 *SG SG B
SH SH
4l i
) sf ]
Sg
2+ i
1 il
Sg
Sh
0 L L L L L L
0 1 2 3 4 5 6
X

M4: b—F 20 (0<x<2m, 0<y<2m ([ZBTDHHME. @il (KB 1S, ThsD. Sif
Shbh, eyl (KT, b9 —2iFx=nThs. a=12670. b=1/3. Xy =mn—
(a/2)sin(x + bsinx) DM/ N2y =2x8 @i L, MKZy=2x—m)A@EELTND.

F—=7 2 (0<x<2m, 0<y<2m) TOXNFMHEEE 4R L. HMHE EICENE R %
FF O J& W BaE 4 <L FRJE B HE & e 5.

XA L DR ERATE R OB E NN, Sg& Sy ili OXIFME EY, Sy &8, %
ETOXMBIEMES. BERTIIELAE ETOXMBEEZFFOO T, BRTIIZENHELR LD
PEEiLs. X@B)E@WDEI v T Lo T 4wy 7 BRXOEBERAT T ARG EHIE ETO
KIPRVEZ R D, BART A O RIFRYE 2 R DR RNE, AR BEEf ()2 B ExlZ B L T arB%
ThrZ EITLB.
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(@)

"E\T-18, TS, ;
50 TS ]
: : S

4 1 ]

) 3¢ ZO SH z TSg d
SH
2+ |
0 S¢
i3 TS,  T-1S,\|]
ofy 1 2 3 2 5 s
X

5: ~ODEM 2 OELE LB O BIAR . X T D {zg, 2,3 & {wo, wi 3N E B 2 OELES. (a) a=
25 b=1/3. (b) a=1, b=1/3.

TR CHEMT AN 2 oFWEEICOWTK 5 2 LIZEBL XS — DXkt
RS EICHE S &2 FF O B #LE C, SliESidz,=0n ez, =mn)ThHD. b O —2iFxf
FRARSy B HLE S 2 FE o B MHLE T, BUEAIEw,bw, TH D, o o FMELEE, 18
HoMizxh G h—7 2% 1 [\izd+ 5. ZOZEE2BETHE, Znbo0RMEES
MIHAEE 1/2 OFMHLE LS Z ENTE 5. £z, B 1/2 O B BELE O#LE 3 A A
OXFAEEIZH Y, DO ETORNBHEEICEHD. 0 X9 2k FrEM0E 1T = & xR E
HWEE & PEIEN D, TNENOHERZ 4 KOXFRA@EIE L TWD. flE L TRzICE
T DX RSy L TSy D AZFZEDAETTITIER L TIZ L V. 5@ lcBIF 2R EZDMT LK 5(b)
B DREZDMEFTBHFEL TND. ZOHBITHOVWTKRD §2.3 L §3 Tilgim+ 5.
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£7, MTTS; & EPNTRIHMOBEREZBUI TS, T2=THoGE R L X 9. Rz xS,
F (x=nk) 2HD. LoT, fzy=@mn)EXFETHTAREL 725N EIEL TWVWD

P CThHDH. KFVMTHDIN, FEATHIZEH L CTS;AAETH D Z & &2RT.
TH(TS;) = (HG)H(HG)S; = HS; = (HG)S; = TS. (13)

TS, D RADBFTFOND.
TS; : y=x,y=x—m (mod 2m). (14)

TSGIIXATHIZE L TARETH H 005, TiILb RFRfR & eSS,
I, BICT ISy & EPN TR OBHR AT T 5. b iEwbw, il L T 5.
T2=HoGTEL L X 5. XREGCTIZEH L CT ISR AL THDLZ La2RT.
GT(T71Sy) = GSy = (GH)Sy = T™'Sy. (15)
BT, MTTS, L EPNIAFBROBE®RZHTI T L. T?=Thogl 3L L 5. Kzl

Sg it . XoT, zy=(mn)a M EThTARE L RLHMAEIE L TWDHIET THD.
AT L CTSgR AL TH D Z & &2RT.

Th(TS,) = (hg)h(hg)S, = hg(gS,) = TS,. (16)
INNDOHM CTS,DRANBLEL D,
TSy : y=m+(1/2) f(x — ). (17)

23. XMBICLDRDEE

GHBTUHZ L DPER 2z, O R OEBEZ AR5, GHRT2=ThogZ{EHT 5 Z L1Z,
FFgEERHL, WICTREERT 2L THD. Sz, OBuCT?Z/EHAL X 5. Sulc
gEERT D 2 &iF, S THVIRT ZL2ERT 5. WICThEEMT 52 L%, TS, THY
B Z Ll s, EENIxE G R 220 BEN L TW 2D OER, B X D ICE X D Lol
HR~OBE % 5N T, RzOEFETOEBO LS ICHRT LN TED. T2bb,
Rz ZT*OAE R E LTHRZD.

(2) (b)
¥, S Thgy) %
g
gu
z Th &) Th
gv
Th(guw) TS g
g v S

6: AL DEOBE. MAHMOREDHEST TROBENERD . Pt EORENL, Rz
DIFHEDOTHZ L 5 a2 MY 20Tz R ORENE, AL 808 &2 £,
(a) u’HT?u=Th(gu)~1E, Kz, ZREEHEI D (ZEEEST 5. (b) vdr b T?v = Th(gv)~IE,
Rz DJEY Z REEHEI D 2R 5.
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B 6(a) TIXRuzS,0 EFICEW. RullgaEH+ 2L, wIS,0o THICBEHT L. =
DR guld, ThiZ & > TTS, D Bl @éﬂé. Rz b5 L, mud 5 T?u = Th(gu)~
XREEHE O RIERIC R 2 5. BISHE DAL REFRIR 2 8580 2 RENIT2IC K 2o & w7 .

— DK 6(b) TIX, v 6T?w =Th(gv) ~NIKFFFHE YV EIERICR 2 5. DF 0, HzllB
F %, SgeTSyDRAEDHEHTICE > T DAY DEDOEEPIRED.

6 lzonTHiRZ L TH<. KM (a) TIEHFFRRS, Dz 12810 DM E 23, MFFFRTSG D212

BILOHEIVREVWILEZBERLTWD. 22 TR ANV RT T D7D FRIRTS, D

IBIFLMHE AL LTHIWE., L, H§HBRTS, Dzl BIF 5HENETH>TH &
V. B (b) TIERIBRIES, Dz 2 35 1F D& A3, XIFRMRTS, Dz (T BT HMHE L/ hsnz &
EEWRLTVD. ZOKTHBMS,DzIlB T 2HE AL LTHIIPNATHD, EETH

NEDRV,
(a) (b)

X=r

X 7 : %A EORENT, Mz OEHEOTHI X DB 2 Y 2o iz rd. (a) Kz =
T2zl e LGa. (b) MOWRENE, SEGETHIZK AR OE X 2R,

Rz ITHZOWTAF R TH D, TZICHRAZEVWTEFEOTAIC L2 28+ 5.
dx/dy = 1%, Q0 LEENDICHONTEEEDELFNHMT 52 L Z2EHR LTS, 2,0 B
3z, LV ELS B D, Rz 2 WA T EMFHEIDICHEEL TWD X IICHZD. Wiz
DFEHIZz LV ELELS D, R WA e T2 ERERIVICEIEL TS EOICRZ 5.
INLOFKETER TR L. RIZ, Rz zi@ild 5248 0XMFERIES; (x =m) & TS T
H5 (K 7(0b)). TS;& LTy=x&FHT 5. 7(b) TlEAWES; (x = m)DEMNTEE L
oo GWIEScOEMNCH D . ZHICTHEER T2 2 &%, SFBRTSGIC DWW TV IRT Z &
Thbd. 29T 25ET*Ww=THGWIEXTS;ODHIZHDHZ ENnhDdD. bbb RAwDTAC
K220 0 OEBIFFFEIY OREETH D Z L DNFHEMR TE, NOTA X 5 RFHRERTS,
ZRARU) D AVIZRERHEI D TH D Z E R EMNT.

SEGETRIZE B2HEDEE L, HAGCETHIZ L 2 OBZX 2T &, Sz WM SR
SIERzZRRELTRELEOHY OWRAIEK 8(2) DL H TRV, Mz DY KA n
XE 2R ELTRZEEOEDORAVIEK 8Mb) D L 91272 5. K (a)l, TS;D Mz
BT LEE LIS, S, 0)'521 BILMEERN/NNINENSFMEDE & THIWZ. X (b) 1
TSeD Rz \ZH T DM E 1 IR, TS Rz iZa{tﬁ%M\éb\&u\%MﬁF@%J:f#aa
We. IR DOEMFIZD wri%ﬁﬁuﬂ“é.

_58_



Wy(z1) Sg TS,

8 ¢ KM LD RHANL, Nz DEFOXNHIM MU 2N DI MzxRT . (a) BB Kz 23
MAoEE. (b) MBSz Y FLVEOLE. Hz b HTWD KWK Tz DAL ES R
Wy(z)) &R L, Rz lZHH 9 ROKRBRIT 2z DLEZREW(2) & KT .

9 FRMR EDORANL, Hwy, DAY DT L5 HME B 2o HmzZRT. (a) Wil
Rw R R OEE. (b) PUERw, Y FALROSE. Rw 226 H TS KRR BRITw,ORL
ELHEW,(w)Z KL, Kw Il 5 KWRBRIEw, DL ESREW,(w,) & KT

2T 8MICBIT LR’ PR ERDIBERHERHAT S, R0 LEHITH LSy %
MO s oLmE, RULz0h EFICH DTS, 25O mMELdE, ZOFEE
TIEINGDHNBSOND . WHRESDONHRNTZDITIE, Rz DA EHICH DSy ETS,
DN 2D R RBESREERNFAEL TR NIER R0, F-82,046 FHIZH 5 S, %
Do oSG E, SEMBU LMD IIZHOWTEAEEZFFE 5721, 04T
T %S SyDMIZ 2D EEZIRIEDAFAEL THWRITHIT RS2V L EXY fzy 3 B
W THDZENRED, 2,0JH 0 O LV 2, D REZERIR & REE SRR O R E DR
E STz,

WIZEw DY OB R OB & 2T RD. TOEOICEz, D0 OBLE S OE) & &2~
T EFREMAT L. HEMIIALSBHIBEOND . AwilBIT 2SO X T2 TH 5.
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NHORER, “EMORZRIFIZETTS. AU oMM AREHNEL, —>DH KL
TR 8 W 2N AEAE Uil D Al REMER B 5 .

WG DO foo(x) =asinxx BT 20O HEEZRNTT L. —21dfi(x) =asinx +
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Classification of 3D Acquisition by Structured Light Methods
and One-shot 3D Scanning of Moving Objects
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Abstract: The methods of active 3D reconstruction measure 3D shapes of objects using
special light sources in addition to passive optical sensors like cameras. Some of
those methods that project 2D patterns, for example, using a video projector are
called structured-light methods for 3D reconstruction. While the structured-light
methods were developed to measure static objects in the early stage of research, the
recent studies have attracted the attention by extending them to measure dynamic
objects. In this paper, we classify various structured—-light methods from the
viewpoint of the solution of correspondence problem, and introduce our one—shot 3D

reconstruction to measure dynamic objects.

Keywords: structured light, correspondence problem, one—-shot 3D scanning
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Polyhedra are ubiquitous. For example, when we look

at materials at the atomistic level, each atom is
surrounded by neighboring atoms and the neighboring
atoms form the vertices of a polyhedron. In
amorphous materials, in particular, atoms form a
variety of polyhedra. Some polyhedra may be highly
symmetric ones such as icosahedra [1,2]. But most
of them are non—symmetric ones, and are nameless.
Since names are a fundamental tool to identify and
distinguish objects, the lack of names of polyhedra
is a serious problem in understanding how atoms are
arranged in materials. In this talk, as a solution
of this problem, I explain a method to give names
to polyhedra in such a way that their names instruct
how to construct them from their building—block
polygons [3]. The method can be generalized to
higher-dimensional polytopes, and provides the

basis for studying structures in any dimension.
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Stability of symmetric periodic orbits 1is
determined by the configuration at which the two
symmetry axes intersect. Using this fact, we obtain
the necessary and sufficient con— dition for the

dominant axis theorem to hold in the area preserving

maps.
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Isaac Newton (1642-1727) solved the direct Kepler
problem: given the first and second Kepler’ s laws,
find the physics of the universe. His method of
solution is geometry with limiting operations. In
1687 Newton publish his treatises as ‘Principia.’
There occurred a conflict nominally between
Gottfried Leibniz (1646-1717) and Newton: who
invented ‘calculus’ first. Leibniz’ s ranks
accused Newton of not solving the inverse Kepler
problem: given the inverse—square laws, find the
orbit. Jacob Hermann (1672-1733) is the first to
solve this problem in 1710, although he made

mistakes twice and hence reached spuriously the
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right conclusion. His treatise includes the
Laplace—Runge-Lenz vector. Hermann, augmented by
the Leibnitzian calculus, could solve the said

problem.
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In hepatic lobule, which is the basic unit of liver,
each hepatocyte contacts with hepatic blood vessel,
three-dimensional  (3D)

sinusoid, which form

periodic network patterns. Confocal laser
microscope (CLM) images are used for observing 3D
images of sinusoidal endothelial cells, but CLM
image alone cannot detect 3D networks of sinusoid
We propose a new approach for image segmentation
based on the Turing reaction—-diffusion model. We
here applied this method to test groups of
steatohepatitis related to metabolic syndrome and
their controls. Significant difference was found in
the spatial scaling parameter. Therefore, this
approach may have the power not only for image

segmentation but also detecting the periodicities

of patterns.
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Two artworks are exhibited, which are created by
applying computer graphics mathematics, especially
analyses of complex functions, and by combining
them with calligraphies. The motifs of the artworks

are taken from Haikus by Buson Yosano, a famous poet

in Edo era. One work “Nanohanaya” is a combination

of a graphical presentation of solving complex
polynomial equation, developed by a mathematician
Prof. Bahman Kalantari, and a calligraphy by Takaki.
The other work “Fijihitotsu” 1is a combination of
a graphical presentation of mapping of complex
numbers, developed by the second author Yamaoka,

and a calligraphy by Takaki.
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The Itoigawa Global Geopark was established in 2009.
Questionnaire survey on the geopark has been
carried out at a classroom in Niigata University
since 2009. Results of the questionnaire revealed
that about 80% students belonging to eight
faculties do not recognize the existence of the
Itoigawa Global Geopark in spite of continuous
efforts of the people concerned. This tendency does

not change in the last seven years.
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A set of playing cards using images of radiolarian
skeletons was prepared for enhancing a degree of
social recognition of radiolarians. This will be
utilized to advertise the 15th meeting of the
International  Association of  radiolarists

(InterRad 15) held in October 2017 in Niigata,

Japan.
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A particle model expressed more actually than

atmospheric diffusion models in Fukushima.
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In 1995, Marjorie Rice discovered an interesting
tiling by using the convex pentagon that belongs to
both type 1 and type 5 in convex pentagonal tiles.
We have discovered new tilings by using the convex

pentagon of the tiling discovered by Rice in 1995.
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Thelbth Meeting of the International Association of
Radiolarists (InterRad 15) will be held in Niigata,
Japan in October, 2017. The Society of Science on
Form is one of co—organizing associations of the
meeting. The main theme of the InterRad 15 will be

“The evolution of marine plankton since 500

million years ago” . The purpose of the InterRad 15
covers not only research field but also educational

and outreach ones.
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This study shows a method to almost cover various
curved surfaces without a gap by putting the
diagonal of the rectangular bendable body on the

side of the polyhedron.
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The study aims to determine the basic styling
preferences of the wooden carving sculptors . The
existence of ‘Imaginary circle’ hidden in the
wave of Thachi and ‘Imaginary sphere’ hidden in

the dragon of Yoshimitsu are detected. According to

the result of k-means cluster analysis to the normal

vectors of all polygons of 3D models, ‘Wave styling

by 2.5D lamination’ and ‘Dragon body styling
concentrated on mass’ are proved to be the

styling preference of Thachi and Yoshimitsu.
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show it while being a plane image as if there is a
three—dimensional thing and let it is hard to let
the other division Zone invade it from the running
traffic division Zone and do it and am a method to

let an accident decrease sharply and a product.
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A collaboration tool for iPad was used for students’
mutual commenting on the results of group
experiments on plant growth. A concentration of

commenting on the particular groups was found in the

earlier phase of the activity.
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It is very significant that the shape of the
historical spot is preserved as a digital data. We
generated 3D shape data of historical spots in
Sambor Prei Kuk in Cambodia and created 3D real

models by 3D printing.
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We calculated parastichies in sunflower seeds and
pineapple rementa using Fourier. The parastichies
for the seeds and rementa were simulated. We found
that as imperceptibly changing the divergence angle,
Fibonacci and Lucas sequences alternately appeared.

In conclusion, it is effective to apply Fourier

transform in calculating the parastichies.
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The ‘GrowCut’

AIFSERT)
is a simple but useful digital image
segmentation algorithm using cellular automata.
The brief description of the GrowCut technique and
examples successfully applied to the segmentation
dykes induced by the

of sand earthquake

liquefaction are presented.
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Three-Dimensional tactile models of Earth were

constructed for the visually impaired. We utilized

exact topography data obtained by planetary
explorations. Therefore, 3D models of Earth by
additive manufacturing possess exact shape of
relief on their spherical surfaces. Several
improvements were given to models to suit tactile
learning. Experimental results showed that the

Earth models developed in this study by additive

manufacturing were useful for tactile learning of

the globe of the visually impaired.
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