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Changes in the origin of structural color and the cross-sectional
shape of bird feathers accompanied by bird evolution
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Abstract: Certain bird feathers reflect structural color through thin-film interference or
selective reflection by the sponge layer. To further understand their structural features,
feathers were sliced and observed both with optical and electron microscopy. The bird
feather barbules that reflect the structural color due to thin-film interference are placed in
front of the barbs with the curved surface facing up, making thin-film interference of a
specific wavelength easy to occur even in the case of different incident angles. The front
side of the bird feather barbs, reflecting the structural color of the sponge layer, was round
and exhibited a structure easily reflecting light to the surroundings. The sponge layer
displayed an amorphous diamond structure and selectively reflected blue. When we applied
each bird species that reflects thin-film interference and structural color derived from the
sponge layer to the evolutionary phylogenetic tree, the former differentiated earlier than

the latter.
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1. &S

HWESBHORKOFEIEIPZFFobwHr o<, $»6 1{BETHEULATICHAL 2
MPERH Anchiornis huxleyi ZfEJi e L, RAMNAELIC I F I aFEicafbl 2L F
biTwa[1,2], BAEABHICRIIIIAEEH Y, —FoBFEICH, AU Y FLWE
PR XTI ERMEELD 20, ZoRAREIX, Ho X HELEETZ T
% Pl (axis) & Pl 2> & RO AT NT W 2 BIEL (barb) & FIERICHE A SR O ICHTW 2
/INFIEL (barbule) @ 3 #2573 (Fig. 1), 72, K4 oM 2D, B Z 1L
CLOAVCEHIHO X FIEAhFERoBEZFH N T2 encE a2 ero, Ml Wil @ik
HFEE R TS EITABOPEEFRF O EBMONT VB[S, 4], TOEPFEDERE
MRz, BBEICHET2dDL, FILALOMMEICHERT 2 b08H 0, BiF L
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bRELNIOEOFEO . BEIORELNZOEHBEGQLEITR[5] B HEoBFEBICIE,
77IvIaexv Ao T ) A FRAvanyyEZa s v ICHERTEbDREDR
MoNTHEY[6-8]. EEICIZAT I AN DHEETHCA vaeh T AR EDTELT 7
ALAYEY FEECHKRT 20BN ONT WS [8-11], KfFEicsB KA IF, EL
WP EFFOSHNE, FVUTA, ATINE, AT A, AT I, AV aPEORMY)
FAEEEL, ZoXKAFRICO W THAHEMESCE FHBE L H W CBIE L2, 2 OfbHE,
EG I /NI HKD D D ERFHEKEODORDH Y, ThZTNFEHENWAEEEZ L TWw?
TEBHOL»ICR o, HEOOFKARIECORD NI NLOFEEZ, Ry —2
¥ — (NGS) ZHWTER I N/ Jarvis H[1]OBAEBEORKEICYCE®D &
5. ROBBICHL L - BEOBE IR, BB ICOt L 72 B O S
KR CH 2{HEABHO k272D THRET 3,

barbule barb

Fig. 1: Schematic diagram of the basic bird feather structure.
2. WREFE

2.1. 3%

71 H Anseriformes @~ %% (Anas platyrhynchos), % H Galliformes ® ¥ v 7 4
(Chrysolophus pictus), >~ & H Columbiformes ® 517 7 N+ (Columba livia), 2 X * H
Passeriformes ® 7/ 7 A ( Garrulus glandarius), 7 v R 7 v H Coraciiformes ® /7 7 % 3
(Alcedo atthis). #+ v L H Psittaciformes ® 4 v 2 (Aratinga jandaya, Pyrrhura perlata)
DEFEEMEL L L TR Z 1T - 72,

2.2. ik

a) FE DMWY R o FR & e F B E 8%

BHEZANATZ 74 valBL a2y /78I e b —LATEI 70525 12.0 pm @Y L,
56°CTHEHEE. X 74 B4 7 RICRY AT, BBV A EARZFR L2, oKz A
Y v oS 240 FEME AT BRI ES R T TR L 2,
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b) FEMWYUIF o EERE FHMEE (SEM) #l%

PIEREBUIE O SEM BRI > T, a) DX 517 74 YU R ZEHLZ, 2hich
34 %G L, 2 L8 SEM (TM3000; Hitachi Technologies, i) THE L, HEE
R L7,

o) PFIEMBIYI A oFE@EAETHEME (TEM) Bl%

FED TEM #EICHk > C, BER[101IcHt o CTH v T2l L. Z OBI% & G
#13. TEM & (JEM-1400Plus; JEOL Ltd, }xl) & CCD # * 7 (EM-14830RUBYZ2;
JEOL Ltd, M) %MW TiT- 7=,

d) Wi 7 — U = 2R AT

B [12] 2SR L <, Image] V7 F v 27 ZHWAZAR v VEDO SEM B[O 7 —Y =

ZEHIRAT & 4T 5 726

3. BR

a) NPk o % S5 5 PIE o REWiv R o BEM BB

~HE, FUTA, AT ITAPOPED T 7 4 VU R BRI L, P EMBEBE 2T
o7zt A, PO lo/NFED 5> b o —7 o/NPF 2, PED IS CTHICH L TP
Cf S XS ICHImMICEA L CEY, ZoRIF—2—2&M L., PEOXKMICZDE M %
REZ2X5E0MHML Tz, £, ZO/NPIRICE AT =v 2% oL, AriELl k-
Tz (Fig.2A), = A ED/NPKEEMUI A ic>oWwT TEMBIZE2EBL-L 25, H—7k
JEX DR (cortex) D FICA 7 = VAN AEEL TR L T2 D 3E% X iz (Fig. 2B),

Fig. 2: Microscopic observation of cross-sectioned barbules reflecting the stractural color.

A, a: mallard (Anas platyrhynchos) feather and its cross-section; B : golden pheasant
(Chrysolophus pictus) feather and its cross-section; y : dove (Columba livia) feather and its
cross-section. White arrows indicate the barbules. B, SEM image of cross-sectioned mallard’s

barbule. Black arrows indicate the cortex.
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b) PR ke o Wi & S8 23 o BT U o BEY S AR

ATAL AT I, AVIEHONEDANT 7 4 VYR ZFERL, MRAANVERED L7
) A CHFHEMBEBE LT 25, PO LA A IELEICR->TH Y, BEEEIC
A7 = VRIS A LT\ 7z (Fig. 2A: Top)s Z DOWEE EOFHEIZ, 4 v a2 FH M & KA
PIETHFEEETD - 72 (Fig. 2B: Top)e TNHLDPEBYIFICOWT, MEBA AL EZEDS & F
T CEZE T 2L KE L HIE DR OIS 2 b F D NS L 72 (White arrows in
Fig. 2A and B), 77 &, 77 % 3I, A vaDlELHEOM % SEM CHHELAEL A,
L TADMp»mEREA T2 AR Y VEPHERI NG, TOFEEHE%Z Image] V7 vV x
TEHAWT 7 — Y TR L7222 A SEME&GRE FICfALZL Y RN —F YDy
AP EON, CORKRVYVBBEITELTZ 4+ AXA Y EY FEETH 5 L HEE X 7z (Fig.
2A and B: Bottom), 4 v a2 OfaLH AP EOKEICIEOERE DML, HEEOFET
ik, BEESRIC A 7 = vEERLIZED b L o 72 (Fig. 2B),

A Structural color B Structural Structural & pigment Pigment
color color color
Blue .. —— Green — Yellow ——

10 pm N

Fig. 3: Microscopic observation of cross-sectioned barbs reflecting the stractural color.

A, Cross-sections of jay (Garrulus glandarius) and Kingfisher (Alcedo atthis) feathers; B
parakeet (Aratinga jandaya, Pyrrhura perlata) feathers. Top: optical microscopic images by
transmitted illumination (Black arrows indicate the spongy layer.); middle: optical microscopic
images by epi-illumination (White arrows indicate the blue light from the spongy layer.);
bottom: SEM images of the spongy layers. (Inset) Close-up view of the Fourier transform of the
SEM image.

4. BR

HAEBHOPEDEIZ, BEICHKT IO (BFEE) L+ 7 L IAMMES chkT
230 (FgEt) 235 25[5], EOOOREFLLTCWE7I7Ivaexvsrfohus )
A F6, 7] vanyryzazre v [8laBPHoNnTEsh, & e LTI/ K
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BHOWMBETWICHRKT 20 L PAMAF Yy VEOERNKPFICHKT 2003 HMbNLTWwD
[9-11], ~H=®E, Fv 74, AT TN PEOMBUR 2 FHEMBCBRELLZL A,
PSRRI K o T T, KR KE LT S WHEEIC 7 o T 7z, ANRIRLE PR, & 3 52
X WEimIChiAI L, ERH LT VWIS Tz, T2, ZO/NPIF DO ITE
L. 3bTH2»5D0NDAFAEOEICIE L C—EDES CHETHAZRE I LY vl
Bt oTWi, ILICKETICREZLSIADA T = v ERAEY L., BETHO %K
LT wiEicz o Twiz (Fig. 2, Fig. 4A), UbEo X dic, ~HE, Fv 74, A7
SNFPEIZ, CNETEHLDOMEFICL > TRE I N X 5 12[5,9,10]. /NP o HE
THHEKOMEORFICHEL 2% L Tz, RICAT R, A7k, 4 v aPEoOHK
Uh%z, MBAALVEZEDS L CREHEMBCHELEZE A, HoE MO LiHAIL &
D, EEBIFEABEICHZECRKH LT uHEICR > Twiz (Fig. 3), MRA AL Z2EDL X
FICHEH AT O PEMBEBE2Toe2A, AT A, A7 %I, A vaDFHOPE
CAvaoFEPEORE LB oML FEONE RN L, HBAANVEZELT LD
HOMEOPHATZZ 20 20 IEMr VEREE» K2 EHEE I, EAEMET
P CHIRT AL TEL 7T A AXAYEY FIEERER I N, & ORESENEIL.
SEMEBD 7 —) =AW CTHERINT, TNOLDHRELL, TNFETEHLOMEHIC X
S THEI NS X 51C[5,8,11]. A7 R, A7, fvaPELiE, PFEoTELT 7 X
FAXYEY FEGICHR T 2HOBEOER T2 EPHOLICR oz, T4 vaoD
MOPEOREICREOCNOESDALTEY, ARV VEOFOHBEO L KEDE MM
FOOREIAICK T, PNEOHRODBIERLINT I DL E 2 b7 (Fig. 4B), 4 v a2
PETREEOORDOERBVBMT AL VI b I bItRBITITVWEICELT 3 2 &35
bhTkh, EOLEFOBEOOMAICL > T LI ABRBEIRICAZ> T3
EEZ bz,

A B

Reflected  Incident -
light light <Plgment color (yellow)>
Melanin granules "

<Blue= =Green= <Yellow=

Spongy Pigment
layer in cortex

/

Barbule

\\

Enlarged view of a barbule

Barbule
- :
\\ Barb \
Barb ) ) -—
Barbule type Barb type (parrot)

Fig. 4: Shematic diagram of the cross-sectioned barbule and barb microstrucures.
A, Barbule type. B, Barb type (parakeet). The blue feather barbs had a spongy layer, the yellow

feather barbs had a cortex containing yellow pigment, and the green feather barbs had both.
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NP G L L PR E e RS T 2 BB R % Jarvis Db 0 BUAERE O O
FHBHIIc Y T3 Th 2 e, NP S G RS 3 2 I3 R 5B o ZMlic, PR
Ew e T IR o AHlICH > Tz (Fig. 5), ZoRMfE ik, Eflcdiid
HrlirtwEfRicofb L 2fEchHhsd LR L. #EH Anseriformes ¥ ¥ ¥ H
Galliformes 1 6 T 6 H FERIEICH{L L, A X % H Passeriformes ® & X X #fi | Passeri
FZENXOVFH LW 3T HELDL 6 THERNICHLL TE 0 /NP AR S (13 PR B RS
BICHRITLTHBLEZDDEEZ b7z, /INHARICHRT, PEOH & 7 2 PR D i
FHEICiZ, XY REAalEgibrpiElenszzo, #EEEIHBELEZD2D Ltk b,
T PRICXsaRBATE A vao k) RO L EEOAORANTREICR>TE D,
—EEMLLTETVW BRI L VHL TR 5,
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Fig. 5: Bird phylogenic tree adapted from Jarvis, E.D. et al.(2014).
a — y : barbule type; 6 — {: barb type. White triangles indicate the bird species with pigments

other than melanin on their wings.
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A Study of Minimum Embedded Dimension Estimation
in Exchange Rate Time Series Using False Nearest Neighbors Method

Kohki Nakane, Takayuki Hirata, and Hiroki Takada

Department of Advanced Interdisciplinary Science and Technology,
Graduate School of Engineering, University of Fukui
3-9-1 Bunkyo, Fukui 910-8507, Japan

(2022 4 2 H 7 HZA, 2022 4 3 H 9 HzH)

Abstract: In the False Nearest Neighbors (FNN) method, when the change rate of the
nearest neighbor distance is higher than the predetermined threshold, it is defined as "false
neighborhood". It is necessary to set a threshold value for each time series to be calculated,
however, the problem is that it is arbitrary.

In our method, we focus on the median of the rate of change of the nearest neighbor
distance and propose a threshold determination method without arbitrariness. In this study,
we estimated the minimum embedding dimension for the reconstruction of the attractor
which describes exchange rate time series. The results of estimating the minimum
embedding dimension for the exchange time series using the FNN method show that the
minimum embedding dimension is 6 when the threshold is set to 8. It was also higher than
that at other thresholds. On the other hand, the minimum embedding dimension was

estimated to be 3 in the proposed method.
Keywords: False Nearest Neighbors(FNN), Attractor, Foreign Exchange(FX), Non-Linear
1. ¥S

1.1 iFOBXAZNY ELAEBAEHISEOEM

2019 FickB T 2 BERTH ARG &2, EEREFRT(BIS) o 5 A4 & &
[1Jic X b /R&N7=(Table 1), ZOFEIC L 2 L. Kk FA/HAMUSDIPY)D &I &
DY zTIF EfiTHbra—u/ kN A (EURUSD)ICkiX —HHE 2> Tk Y . HAD GDP
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EZELPHILT 2HICENTHIEAL L THEVWY 2T 25> T3 eBbrsd, 7k,
HAMICE T 2 BB oWR [1] 2]2&ThH 2 e, BERY v 7IE] [Bl3&ko
52%% 5T \nwB e bh b, TOEBRAT Yy 7THEITIZ, EY(RFy b)ERE LY
(747 —F)AEBOGEEZRBCHAGDLDE -G 2175 2 & T, &L —F OfERR. B
B X 28483 E, AEABY) R 72T 2200~y L LTHWLRT WS,
—f. b2 — AR ETHICT I ABL—-FCEHT 2L, HEERICH T 5 H
KM DOEEW R liEZ R TEEENBEL — F TIZ 1970 5 1995 Fich F T EH L.
DI MLIFHcHBE L Tnwb 2R br b [4](Fig. 1), My HE, MLCHEBL TS
HEo—22 LT, BNORAEXET 7LOEMILAEEL TV EbALATVS
(5],

Table 1: 2019 £ 4 Hic s F 2 @B < T ABERIIEy = 7 (L5 BE~=T)

BE~NT v xT7 (%)
2 —u /k F L (EURUSD) 24.0
K F v/ HAF (USDJPY) 13.2
ARV F/KEFA(GBPUSD) 9.6
Z N /K F A (AUDUSD) 5.4
K F /iR (USDCAD) 4.4

1970 1975 19650 19655 1520 1995 2000 2005 2010 2015 200

Fig. 1: 1970 F MO HARMIC T 2 EEEM A EHEL — MEROHER
(HARRAT TR RN T — 2B H A4 b XV ERK)

1.2. ZEKRI

BHEL— NI, SHEABT B L CKEO R 2 @K R L2355 x 2 BRo Stk
TH3, HRICEWTIZ, 1971 FD =2V v > avy Z7FET1 FLr=360 [Tty
— & (BEEMGH) TH o 7223, 1973 FF 20> L ZBHLGHNICHEIT L 72, ZEHEEHNIC BV TE.
LS, BENICHRD 2 Clde <. i - ¥ — 2 XOffilgRiE & Fkic, 1%
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KBTI 2FBEEEHBONT VvV RICIoTRE L, COAEBL—-LOEE%Z D 5 —F DK
BICHEIND D2 HBRRINE VI, BHERRINOZHOFRE L LT, ZHoRR D
ERDHDR, T ASHCR LRESHEARET LN 5,

BEL - NEBHoORWMAMER ZHHT 2RO —SIcEE HFMET AL VS b D
BH5, WEHNFMEZ, 2 - FEormeH—22WATE 282 E A 2 BERT
INZENFHFLWlifEz b0 EZTROOLNIRBUETH S [6], AV =2 —F v DRK
HBETART - Ny e VBRIEBLE 2T, BEBLCIEBERLREEE r U FEER T, Bk
Ba»iTbhTunid, BEL— MIHBNICHEE I Mo KECINET 2L v DT
Hb, LrLAaXPL, MW AAEEL - FOoREZFHAT 2 ECid. AU O LS %
hhlzHd, TOETFTAEHCEZTHICIIRRLD 3,

1.3. H&Y

—fgic, KRV oOBEEDLEE > b RKOLEHZ FHI T 2R IZL FITiTbhTEs Y,
REW B L LT, BCHRBNBEHTEE T V(ARIMA €7 V)58H 5, £ 7208 Tl
FEFEICEBDNTA =2y 7T =2 %L, =2 -1V F Y PT =7 ETALD—D
T» %, LSTM(Long Short Term Memory) & ME(E3 2 [HIEH % > b 7 — 27 % B R 51 F Hlic
JIGH L 720 8mE S ncnwd [7] [8], ABRRINZIIL® L L ze@FERIICx L
Th, TUOLDOFHEIEFWY ANSNT B A, HEARFKREZRTMETIEL S AV, %
BORTA—ZZHAnweLTd, HER—XDEZRIFHITRYy /T —X 52318
EOERLT =23 b RRIOUEEZYHIZ2ICEATDTHLREELD D,
207D, TMZITIICEINRE R 2GRINOMEEZHEEST 2 L kdDoND,

BRI 2R T AR E ST AT LT EDY AT ABKIET 3R (EF L
DT ZER) DHEE IR 720 JERIE 2 v AT LTk L CREMEE 2175 Fikizw< o
pH L, REENETAITY XLD—2IC, JFEAHM CEHE 3 X b 28 B IR W R ik
%% (False Nearest Neighbors method LA N, FNN) [9]28% %, Z ® FNN i, WR% %
BRI 5 R IC D EEJE R R ~ B DA B | KRR IT T OEBIEPERESR 27 b v D5 23 5 K IL T
DFIEERER 7 PV TIREHF & R b WBOEEGR Y ) 237 £ 78 2D IA AR IT % K
WBEZ LK oTEAFIANY AT LOREOHEE%AT ) FETH 5., FNN LTI, #
DIABRICE BT LHRIC, 5 2 o oZER, S U OsiE L 7Bl % # x
256 % RV S22 oWz [FHEME] LIRET 22, ZoLARMEOERICEER
HrHbLERXD, £/ /AXOHELZZTRLT VWL OERHLH 2 [10],

Z T, KimXTlkABERRINOo FHlicH T, FRIOWEOMELZED 22 &2 HIY
I, BERRIZGR T 2HEET NVORBMEEIT > /o REHEE 217 5 BIcfli A
35 FNNZEICB W, BEEROTEMZHRT 2 FE2RET %,

2. R/MEDHAHRTTHETE FiE

2.1. BREE(FNN)iE

B/NEDIARRITEHEET 2 FE L LT, 1992 41 Kennel b [9]Ic ko TREx N7,
Bl LT, JREXEM L DIEMER Y AT LN LERCEHLS —FH., 69 5[
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REICH LY 2Bl %2 T 20 ERH 5,
ZZC, FNNEZoOFRFIEZ R 2,
HEFEO : 2 -7 v 20 OIABEER T, BITNROKERFIT + 7 7 2 % KT
., %V IABBENTD 2 NRIERS & x, ENRB 2, HOIAARITTEdE L, xiTH T3
ARICT + 727 2 %LU FD X I ic{y,(ONC THEHIERT 2,
ya(t) = (x(@),x(t + 1), x(t + (d — D7), (1)

HEFIED : y, OO REFHE~Z A EYyi()E LT, 2 ORZIL%E Vit O BBt ¥ED, (¢, ) iC
fiEvVkd 35,
Dyt t) =|ys®) —ya(t)], 0<t'<SN-(Wd-D7, t#t', (2)

t'= argmin D4(t, i), (3)
0s<isN—(d-1Dt

ya@®) =y, (4)

L. D5RAALOEBFOPRNE G E5xDEAEEZTRDO LI ICKRT,
ammmf&ﬁﬂﬁEAUOD=%§ﬂﬁL (5)

X€EA
HEFIEQ : MO IABRRITERd+ 105 HE Dy () &yt () DHEED,(t, )% KD %,
Das1(t,t") = y441(t) — ¥441(OI, (6)

SHEFIE®D : A B RICHHEN U 72 BE 08 65 55 BB D ZALE Dy, (8, t)/Da(t, t) ISR L,
HEL MR U EERZNZ VA DEAET P77 20hThHD 3EA5GLY AHER)%
k3,

Dgyq1(t,t") (7)

HEFEG®: O-@Oo#HFEL2 FORE L LR K DA RITTHE BV B L, KRITH b A
THRONICER D TEERD 0 & 72 2 Rtz /N DIAARRIT L T 5,

2.2. REFE

Jeilk U725t EFIMEIC X 2 &, FHRFIH@ CTHMNE L FRER,, % B X 25 &I iEfE L
LTWwWa 2, TN RE R FERINBICRET IMLELRDH L, 2T, KX Tl O
R, ICTE X b 24T HHEL LT, BV EFEMNEM2RET 2, @ Tk, RycH i
IEFE RO BIME %R, Z OWIMNKEPEER,, Z T 227 broE&E2EE L
oo RREFHETIR., EFHEHEHOMMEL KD 2L A FTCRFALE 2., FHEATHE R KA
T={0<t<N-—(d—D}icHL CTUTOFHEFIEICH > THEITEIT S,

HEFIED : BLATICETE23T7 72722027 b ry,(TICRH LEREHFERDZ 27 P
Ya(T) = ya(THIT 2T, #DIABLRITTOIN A S Tt EER o 2 E 2 KD, 2o ICH
M2 @ L 72 R OEO P RIEE M & § 5

D41 (T, T’)) (8)

M,,; = Med <log10 D,(T, T
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HEFIEG® : HOIAARITGAEHEMEE T LRI, SOM BRI 1 LR E %2 RIT
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FEZ D, JARXLRABE VLD, BEKINAET P27 20MBERALREL KD, &
DIF, RITHMICHE S FafFEEEE O Z L FE O BTN 2, &> T, B&E L =A%
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BAETRBEOBER RNz, TESHFICEVWIALHLORLTW S H%
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B I VEWEEZOND, 72, BEFETHo72L LT /A XDEE LR F T
BREL RZGEIC, HEEIHEVIEHETH 2 LM I N O ZREEET 2720, Mg i
I 1IUTFER2RITERNEDIAARITEHEL TnB, 2070, BEFTEHETIZ.
EREIC L 2EBEEEHRL 2, XV KBV RFMEEICRY S Z2Ex2LND,
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BRIy 27 0omw b5 @EXTZ#ERL, HEMEZKS 2 &5, BARN @
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Bk F/KkFA(GBPUSD), Z F A /K FA(AUDUSD)Z LT, K FaA/hlFnr
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KEDVERZWVWE W) HEWRIET 2720, 4 ROV vy 7 7y Z#EICL D Van-der-Pol 5
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3.2. FHMAIE

PloIc, AERRYV 2T 28MET NVOEMED /-0 OREIME %175, FNN £ % H
W 7 B BRI R A D B /N @0 JA BRITHEE D 72 & R R 0 BB EE R A i L BB R, = 1,2,4,8
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TR OBUEM % v C FNN & L IREFIEDO BRI 2179 .

- 79 —



x(t)

X(E)

—_
g o
-1 4 U
A |
N RARARARAR
T T T T T T T T
0 20 40 60 80 100 120 140
t

0.4 0.4

0.3 1 0.3

0.2 1 0.2

0.1 0.1

0.0 2 oo
-0.1+ 0.1
—0.2 -0.2
034 -0.3
—0.4 - -0.4

0 1 2 3 4 5 0 1 2 3 4
t t

0.4 0.4

0.3 1 0.3 1

0.2 1 0.2

0.1 0.1

0.0 2 oo
-0.1 -0.1
-0.2 - -0.2
-0.3 - -0.3
—0.4 1 -0.4

0 1 2 3 4 5 0 1 2 3 4
t t

Fig. 2: MRGEIC{EM L 7= Van-der-Pol K¢ %%
a)/ 4 XL 0%,b) /4L~ 0%(%5E 500 £),
)/ A XL 10%EHE 500 5), d) / 4 XL < 100% (SE5E 500 &),
e)/ 4 XL~ 1000% (S:5H 500 £)

— 80 —



4. R
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hirata@u-fukui.ac.jp

Let’s Enjoy Science on Form by Colaboratoy

—Voronoi Diagrams of Landmarks on the Map by using Python SciPy Library —
Takayuki HIRATA
Department of Human & Artificial Intelligent Systems, Faculty of Engineering,
University of Fukui, 3-9-1 Bunkyo, Fukui 910-8507, Japan.

(2022 42 H 14 H  2fF, 202242 H 14 H %#)
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Vw2 LCHITEES, K43 :Colab 7/ — Mg, Jupyter / — 7 v 7 TH 5, FHAEK
iR ETH B, RiCH 5D LERAALHE T ZLTHX I,

Python (374 77 U % import $2 28 ICX VD . %k 7 7% 2B TEL LI
72 %, Colaboratory ICE T, 777 4 ANICWANWAET T 75 B TEL, K
iEC D Python OEUEFTHR 74 77 Y numpy %2fii-> CEMEL 72D D%, matplotlib % fifi
> CTHfiE L 7201 % KT % 7=, SciPy ® website (https://docs.scipy.org/doc/scipy-1.8.0/html-
scipyorg/reference/#user-guide) Ti¥, XX E 477 7DHIBBAIN T2,
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—————————————— v/ 7 L) AF1 —— — — —

import numpy as np

import matplotlib.pyplot as plt

rng = np.random.default rng()

points = rng.random( (20,2))

plt.plot (points[:,0], points[:,1], 'o'")
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import scipy
from scipy.spatial import Delaunay
tri = Delaunay (points)

plt.triplot(points[:,0], points[:,1], tri.simplices)
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vor = Voronoi (points)

voronoi plot 2d(vor)
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