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AREMERIBEI Nz, L LD S, DS DTIETIE,
Ik 2V 7 I RO, WHREREZHET LI L

©2020 Information Processing Society of Japan

ATRETH 208, COMRTH D B 720X % DR
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PLEIZRTF RS DIFETIE, ERICHO T2 H
D/INERH O NS LB R EEZREL TN, #
BRI 0 NOFTH) % BT 2 TR G4 Cch 5.
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PO ZITHITHZ0, FRHZARY b TO@EEDOF R
Ffd I S5O < RERH X A4 T X0 £ OO T 73 & H BT R RN
HEET, WEGGEZHS DY, OB, HEkmr oy
RO WA TR VELMEE U THFET 5.

TSI U THRITME TR, fdo & > icHRtE %
HiyE U7=ie b FET 505, SNS 77U TR 1ILZ 2D
HEMA R ELET S Z X TEBMETHS. —HT
I YRR (M RIS FAET 50, Tho
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=iz X 0 HR, KR, G0 H e LG 0T
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DFI Y BT ORE) T — T HD < SR Tk 2 R
T5.

3. REFE
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KRR TIRET LW RLEE Y AT L 2H 2 1257 T. A
ZETIE, ST GPS CHEE R VY 2D (T A< —
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Swimming direction

mgvement Head nfovement  Little head movement

(a) Anguilliform (b) Sub-

iform (d) Tl i (e) O
Eels Salmonids Mackerel Tunas Box fish
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OFEIZE Y, BIEMIETRIETH > 72 HAT$ D O FH
35N, MERBUATORA v hvy 7 EDERTIZE
£ 2EMOEEDOHFIRVPKIME N TNIRNI LT > T )L
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TEERD Y TV XA L, MM, EREED T TS,

3.2 ADXETAHICEAT 2 XHAE

fEND BT AROIRE T — 2 h o AR HET 5I1CH
720, EBEAREVEZ MR T B 720, AOEKRMEIZDOWT
XHRFAE U 7245 2 AR IR 5.

OB ARANWIZIZE TS EREEI FHET S, ESI
(Environmental Science Investigation) [9] &, MEHKERFZ{H
T 2RO DESIZHEDNT, Az 12DV —TI1Z
SELTWS (X3).

%72, Sfakiotakis [10] &%, D SIFMZREEK A 1 =X
LZEAUCTHREBEL MR 2HRE L TWD. 2 s Dk A
A INVOFEMZR 3, 41279 (9], [10]. B3 D&MDEL
BO DRI NI DK ST AT 2RO TH 5.
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B 6 FERTHIW 7S & (LT DRI

x1 BB THNZAOREE KEX
A R () RKEZ (cm)

7Y 9 11, 11, 11, 11, 12, 12, 14, 14, 19
V% 5 8,9,9.5,12, 12
RZ 4 8.5, 10.5, 11, 16
1Y RA 3 8.5, 10, 13,
vIxFd 2 10, 11
77 2 11, 22
VR 1 16
T NF 1 12
TAFRA 1 9

BEPOHERTIEVNEEE TS, BEDITIL—
TOHDGE, HHIZHARTHERD > Dik<ds, h
SO N—TOAITAAEFERIIEZDLZENAHETH
5. LEWNoT, BEDOIIN— 3V v IHEXR SIS0
Wi R ATREGENY D 5.

O TRINIZT I —TIZBIL T, Sfakiotakis [10] &1,
AR BE L &MHHL CEI»TRIOHELE ) 2 ERT 5,
B 4 12R T EDITHRDOED U HIZDOWTDEWNEE TIVL
LTWa. 205 DIMZEREEP S, MORMEHIZ K-> THED
BEANOIRNIENER S Z L HERTE, Thizky, fik
$I0 B BHEOIRENZEEDBINDE L EZ H5N5.

4. EBRBE

ARG CHEAT 2 #RE) 7 — X1, iPodTouch[11] 1Z A
SNMHEE L H 2, BIEIOS 7 7VICkD, ¥
Y7 v TR 100 Hz TR L2502 AWz, IRE)
T—XDERE, F¥Y AT 1 VI T EIREORRYT —
REWEL, AEHD LITZROAR, ZOIRET— XM
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B LOFHILZfOREZE2T7 T ETIRY VI %
fio7z. Zhik, KRIOIRE)T—20 56, HHWOMDHR
HF—2ThEHHOTXVRSHY EIFE ETORET—
RDAEFEHTIOHT7ZDIZONDXTLLTE2OTH
5. ¥ 512 iPodTouch % HU D 1 7-5EZ2RT . FEXD
RE 7 — 2L, EOREE LI ai%éT%ﬁ#%é
728, M5IRT LI yTIE, BbLRMEICESL,
EEEIZIZELD I T vy, $9%EE, EnocuSun 3 V%7
ey R (%E3:1.8m) %2, Y —iZld Daiwa A=
V=)L 16 ¥V a1 F A 2500 2 fH L7z,

ORI EITHOIRE T — X DEUFIZH 20, $10 DH:
BT 6 IR TR S AT 2V, Znlg, v
VEEZDHI LT, WBEPSH EEICEET 5 2HEE R
FEEZHID LIFRZ N TEBREDTHS. AEVIE, 3
= (11.25g) # W, B0 EHIZ Y HIF2HEHEE BT
D, TAAVAELFAFT IZHWT.

FEERIZ, 2019 FFEZITBGIRIR 3 AT KRB, MR,
=HE) THl% OHDOFRNIIT o 72, BERERIE B IEEE
44, FIRIE, 8ILTHD. THETNOHOFFIE, K&
ERLIRT. &b, EELHY T, #H23—-D2>TldxR
W7z 8, [FARHIZEBOHDE D 503H 7. T o DI
Br—&ik, R1IDSBRINLTHY, KRCOoH Tl
LW,
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5.1 IRENT — 4% OREREBENTIC & 2 A EDKRE
BEXBTRRSNT WS LD, ADOKE FHIFFHEHEIZ
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Peak Detection

10:39:
Time (5]

B9 NYRANZRTANVR&YE—=ZHRHENZ & BIREIT — R OffiG 5

Ko TEDTEHALRCROE U HITE VLD D [12], [13],
IHIZAWVWDOWROB &, AOFEIZ X > THEENIZ
D, HEULLIEX =Y UTEIIT 2 L5107y, Hig
% [10], [14], [15]. 26D Z ehs, fEHD BT 2RO
REFHEDZED S A OHENHEL FZ 6N b0, R
55— X DSR2 1T o 72, RS AT — X%, £ 1
WZRT 28 IEDAHDOH Y EIFROIREF—&2ThH Y, B
Mz, iPodTouch OMEE £ > Y OIRIEOKE X (X 1)
Thb. WORBIZELT, Ry 3200725
AR ESHET DD, KROFIETITFS FATICES
LTWBDTEDEENNIWEERS. /2, KD
EERIGATZA 1 XMz S e UTE S5 TRIRIZIRE L
TWb72H, HBEAGWEORETERTSZ k<,
FTNOERE VY DEFIZEENS Z LI\,

\/Accg +ACC2 + ACC? (1)

A CHH T 2 BB BRI R, GHE7—Y &
#1 (Fast Fourier Transform) B &0V =z —7 L v &
(Wavelet Transform) T»%. FFT %, KRFUSSI2H L
T, TNSHEIFE - RIKPEOEEP L UTEM L, KRR
WO ZE AP BESROERICEWmT 2 FETH S, il
TR, MEZ A PVIREERT. Yz —T Ly b
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AU, NSV GHEBIE) & HERMN & AT E) %
HAT5Z2T, GRo6NANDWEIEEEMT 5 kR
WO120FETHS. Tz—T Ly NEHTIE, AHN
RIS S THHDIZH LT, HHEFBEBA~RZ bLD
RIS S L s, BARIZIE, HAWHREHT LIz DE
SEANE L EENT VLD E2MB I EDVARETH 5.
JAREST LT — 2Dl LT, X1 DXRIFDFFT
OFERZX 7 (25, 8.5cm, 10.5cm, 1lcm, 16cm) 1273R
T.omB, BEBUCIE, NIVIBEGRALE. MORE
N, NTOMESEIZ & > TIPSR RZ>TLUES
728, FFRHIE D72 DRI @ B B R R & i
RTBZFTE R o7

FFT TOfEfr Tk, MBHIZAVWDWZT XU R 5H
D EF2ETCORRINT—XERELLTWEED, TX
DAKIET 280 ADEE 72 &6 FET O G RICE X
NTW3B., FIT, RIZTxz—T Ly MNEHIZ X B0 %
RATz, D=7 Ly NABTI, BEEH L O EHA
R NVRERHERT AN TE L7720, #I0 NOFEE
BRENED LS RS TR EI NI EHRAT S
MTEL., — 5T, RN U CER R BN S FERE
Bk, SOREITHh L MBEENREVWEEZONE. Zh
5D N5, ADEHT—XIZH LTy z—T Ly b E
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B 10 EHHSOMICLBLMD 7V — T3 FEHR

rtror-. TOMEEXSIZRT. MSIZIX2MED S
SIDRINTEY, EHOAL v IHRTHENTWSH
Eh, TOIEETF—XTHY, FHTHENTVWSHA
Jz—T7by NEBOKETHE., v —T Ly NEHOD
FER O M EREIEETH D, Mk 0-20 Hz O R R
FOEEEHRTH 5.

MHIZBNZ IEERFEDRERENDRT X ) AXET
80 NOE E LM TE, Yx—T Ly NEBOFEED
5, THoDNED XS IS NGRS D DIPHHE
ATED., LHLrL, 7EVIZHUTHD ADERNL TSR
COEEET LM, MEENLS L RELI BTS20
ZOIHE DD RKRELEEFNTWVWELEEZONS. K8D
v x—7 Ly NEBOERIZIE, 1-2 Hz I DE 5230
I U TERENICEEND DR TE 203, ZOMD
JAEBERICB W TERNICEEN HDIXMHERTE R -
2. vx—7 Ly NEHEHWERIFORSE LT, TR
VARG 2890 AOBE)E OIS A, MOIRE) T —
2 (FaDOIRE)7RE) ORBEBHT LD HREMTWET
b, TNSDFERNSHAFEEZYINT B7-DDE N EHERT
LZDIEFHLWNEEZSND.

52 NYRNRR74)\V5EE—IRBICEZEBHE

IRE) T — X D AR BURATIZ & % MERHE Tk, Rk
R RDITHT IR TERP o, ZhUTHLT, A
DOF) & PP RAD KD 8 TN BIEE PSS %N KSR
TANKIZEOEREL, R PATICED i 7zk i
b 5 ADIRFR D DAMZEE LT 217 - 7=,

NV KRR T 4 )V RIS, K D JE G 0D A % @i X
BET74NRTHD, RIfFETIE 3-10Hz % @il X & 251N
YRRAT 4 NEREHWZ, BB, NURRXATIVED
BELMNE, NA ST 1)L R OB E AL : 3 He,
BELIESS SRR : 1 Hz, TH Y, m— 27 1 L XAlDi#
IS R A 2 10 Hz, BRI - 15 Hz TH 5.
T4 NVRY T LZDE, Python ZiE® Scipy €Y 2 —
)V [16] Z HHWT, E—2Rii2 757, ZTORRZR 9 (12
AR FEE, EMOE—-Z8ERAL, BAENTHNOE—
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The Result of PCA and date infomation

ssssssssss

11 BRSO OFEFITH T 2 JIRE T — 2 Z & OHERHHH L
H A1

I ERT. U=l EfTo720%, EMELOVYIIE,
A L oEYaNE, E R A L0 SEE & R U THL
DUz, ARHMEE, =R I ORI ET %
EDTHY, FFT XUz —7 Ly NEHREDFETES
NDIRBE T OB S IZBT 2 REE L T ER D, H I
HIPHOFEE D AW ER IR LT, &7 558, MK
BIRNCI1Z, BEBIZIITIZZETERNSREbNEI L
X0 JE BB D RV RE IR A A D B Z e AT o B,
Z T, AETIE, ¥—27HI 8 ORI 2R
BRSO/ ET7Z. ZTNSDTF—XEERD SHITHT
TAER A 10 1Z7RF. K10 DFER» S, NV RNARZAT 4
NEABLOE—=IHIC X 2 REBEREFEECL D, Al
BIN—=THIFUMRE, AL OREAENT VS,
UL, EElofERI%, B (G w2 e o540
DEVWHAHTWBEZEHEZ LN, TNHEWRGET 572
b, YEE L Z0HY EITHRA2X 111259, 8 H25H,
8 H 26 HOMM=FIRTOHRTH Y, 9 H 3 HAKIH,
9H 16 HOWEHETORRTHS. M 11 OFER»S, &
e LT, ARy MBI 21X A TE 57k
b, B 10 DERDDFOMERN NS Z2 TV — T3 L
FRRTIRAEVWEERS.

6. EE

6.1 IREIT—4ICLZBBHUNFEICEATIER

FFT v =— 7w MR W72 JE 8 < ik, 8
WSROI ZRRLTWDED, 7R2VIZHTHH0
ANDKERENEN, IEEDOEANRKEWHELEXTE
D, FNSDPEBEBIRNT O RO LER LR E o TL
FH5LVWSHER (M7, 8) ol sz LT, AN
VRRZAT 4 VR E— i kA REEL T, R
BOMIIZEHTHDOTHRL, IREO Y —2 AT L Ok
IZEHL, ZZIMEIE OEWHBFEIET DD h %G L
2. K10 DEBRD D OERP SV DL D TNV —TFT
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DITEERTE, MI0D2PED Y I XF I (EEPr) 12
DWVWT, INSIIEHEE ZFETH L2 EIF-#R
ThHY, TNOMELIZFRINT WS, F72, VYIRS
TEPRSTVEEDDA Y XAIZELTH ERD DD
EROTMICEE > TERINTVWS. Ths O
DFERHD FUZ LA THMADMER T H 2 FANRHHE LT
5Nb.

RS, FUVIZEALTE V=TT > TWB L DD
PHREWHREEZ I N T WD DD MR TE S, RTIZBEAL
TIIMLOFIAIZ LR THRD IR <, R ke & 7
5 TRENEDRTVELRTVWEBEERE o7z, T UICH
LT, B cHnsaoh i ERmOVENRELTH
0, RMENBIEE 22 EZoNEATHS. 260D
FERIZBE LT, 2MOIKE T L IRENC T S OB H
LU[HEMENFE R 5N B.

K10 2B WTT VIFRHEPIZ /L TWD. T
LT, 7YVRBNTIKSATH D, KifgeohTHE—, [H
R IZEEIC N Thd. £z, TIVRHEIFHIHO E
FRHRHZONEENTELTLESATH S, EEDOHER
THEBILA D > 727 h TR L TU F S HHEAIHERS
INTWDB., £z, TVIXTEZTHE LD HEEPC1H
LZHEMNL L, ZTOROERT — XIFEEETIZ, 1ROA
PRolzbDDAET—RANELEZ. ZhoDT ens,
F10 ETHEHE—ILE 5725 D DKFTIREBIL»A > TH
b, RPITHENEZTREMELREVWEEZSNDS. ZOEN
B1012H 5bN=DTiEEnWheBbhb,

X 10 DEBD A OFERICBWT, LEidofERIx, H
£ (GHT) HEBE L ORFEOBE NI V-T2 LT
TWBIEHEZO6NDD, WG L TOH D EIFHE
%11 CHER L. BN Z 22X > TERGIMNELR S
e SHNLAERRLZD, HFROENDBFEDE N
POEMAHBIZTE AW, b UEERD OO EL G
FrEaXb55DTHbH01E, 9H 3 HIZERLZ E2S
TOHDTIVDIN—THR8H 26 HOERT — X BEE
L OHMBEIZEE S NS AREEIMEVwEEZ 5N 5.

72, 9 16 HOEHIEOH RN Y I X FT1RLOAT
Hot=h, 8H 26 HIZHID LT I XF TERNLEIZ
BlEINTVWD. £z, SH2 HOPRIZ V7 1 LD A
Tho7zn, ThHHRMATIEEINTNS. 26D
Zehs, KL ULTEHCBII2IESDEDMRTE
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