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A Preliminary Study on Trajectory Prediction of Argo Floats

1. [FU®IC

Using Convolutional LSTM

Abstract: An autonomous drifting buoy called Argo Float is operating to perform globally-covered and
long-term ocean observation. It is important to predict the float trajectory because, if this float enters the
economic sea zone of a certain country, it is necessary to require the permission 9 months in advance. The
particle simulation model currently used cannot take into account the affection of vortices that may affect
the movement of the float, making accurate trajectory prediction difficult. Therefore, this study proposes a
float prediction method using a convolutional long short-term memory (LSTM), which is a recurrent neu-
ral network architecture whose linear operations are replaced with convolution opereations. The proposed
method can handle multi-modal data with different properties and can perform inductive prediction from
past float movements.

Keywords: Convolutional long short-term memory, Ocean observation, Autonomous drifting buoy, Trajec-
tory prediction, Machine learning, Regression, Image feature extraction

BH5. I, HEROKREBEOK 7 E 2 5D 5 HENK

SMEABN S HHEOREIHE S B G- LTE D, N
DIREZ BT 5 T & TRARZLE O T ML A DI

b OERER
Kasoshima University, 1-21-40, Korimoto, Kagoshima 890-
0065, Japan
2 RBUREE R SR
The Institute of Scientific and Industrial Research, Osaka
University, 8-1, Mihogaoka, Ibaraki, Osaka 567-0047, Japan
3 [EISZIRGE B TR AT ST B SRR
Japan Agency for Marine-Earth Science and Technology, 2-
15, Natsushimacho, Yokosuka, Kanagawa, 237-0061, Japan
) ¢116059Qibe.kagoshima-u.ac.jp
b)  s¢115015@ibe.kagoshima-u.ac.jp
©)  ono@ibe. kagoshima-u.ac.jp

© 2019 Information Processing Society of Japan

K0 1,000 [EDOEEEZEATED, KRADIRER KEL
EAIRDIEeNTEL2DTHS. BHENOBHIZITS
728, IR 74 NTERER ¥ % AWzt sl hiiT b
T\, PR ORISR BN T H - 72, i
Bk E OGP O RRT % R 2 D E BT 5 72
2000 R 7V IFHEABRI N, 7T 7 a— b 2R
5@%@%nﬁvb%mwt@ﬁEMﬁﬁbmfmé[}
T 7a— T30 A EOEEBIZER SN TWSD,

0 — b HMEORFAKIBIZA B BN D 55 i9kﬁw
WZHEZITORERDH L. L L, BHED 70— O
FHNIR A I alb—va itk bizbh T, @y
@%i%%ﬁbfgb?,ﬁ%mﬁkxéummﬁ5lé



BHRLEF SRR E
IPSJ SIG Technical Report

TIZH U THEZIT>TW5.

IO, RFFETIE, K DBEYITHELZITAS LD,
BWFEZMHALZTHETVEERL, 70— bOE
MM FHZ2T> 2 2HRNET5. RETLIFEEL &
#HiAH LSTM (convolutional Long Short Term Memory:
ConvLSTM) ZHWTE D, MEDO R BEMDRST—
REFALUTCTFHEITS ZDAEETH L. AiFETIE,
WEO 70— OB T — X IZIMA T, WRT — X %
{952 & T ConvLSTM iZAFIL, 70— s D#HPFEDF
WE1TS.

2. BEEMRE

21 FB=a1—J)xy N7—VEAVLEIRRERED
Tl

Petrou & 1B MAAA LSTM (Convolutional Long Short-
Term Memory: ConvLSTM) % {#FH U Tk D3l
KT HRZRELR 2 ZO0ARE, ®RCBEIX
NIZWOKEBR ORI DA E G A, MHBEOWKOEE %2 F
W3 2. ConvLSTM 2Lz a—&XTa—X 3%y
N — 2 DRI UFEEEITD 7280, JlET— 21T L
11 %475 BB 7 <, end-to-end THIFZETTS Z L A3A]
RETHD. EBRHERLD, ERFIEL 0 HHZFRIm G %
ERTEBLZ LRI NT-.

Ruttgers & XM E % v 7 —2 (Generative Ad-
versarial Network: GAN) [3] Z{#fH L 7= & B D #.if 7l
D% %EIT> 72 [4,5]. TOFETIE, HEFEIIMAT,
MR, WImT, H®EGE Wo7zEROBE)IZwE L
253Nt EEZEBMNLTCFEE2T5> 22T, TH
FEOM EE2FEHLUT-.

AR &1, CNN (Convolutional neural network) % fii
AUTRERMOHRLAED PR ERTELEE X <K
T 5% EIT o7z (6] EERFER K D NICAM (Nonhy-
drostatic ICosahedral Atmospheric Model) 2 & % & f&5E
BT — X %E AW EKIED X~ TOMHIZEE > T,
EWRRHEREV R I N TV S,

F72, ¥o51%, ConvLSTM ZIEEEL, ¥ ILVFE—XIL
FEETD L TRAKEDOTFHZ T o7 [7]. ZOWET
X, BEORKEIZIAT, BKEIZZEEZ5A5LIN
LEQEX, HF, BEME L VWoEBDOEXY T 1% A
HEULTHEATWS., HEDEXY T« % ConvLSTM (Z
ANTBEE, EXV T4 HBOF ¥ 2V EHARELT1IHD
ke 325 TYNFE—RNVEREITD Z LA HE
50, WEOHLEEFEHL TS,

2.2 PEYIaL—YavEFRALEZ7O— NOBETFE
BEYIab—YavazMfHLTT VI Te— NOBH
HE PR B HADPREINTSBY [8][9), 70— b %%
AT BEICEBRICRHEI N TWS. AFRIE, 77— M

© 2019 Information Processing Society of Japan

AN TR T2 ETVORESZICEY, KT OBEIRE
EEVHET 5. ETNVORESGICIGEE 18 EOVER D H ¥
BFr—XE2MHL, FHLHEL5RATVWE. TILITT7H—
MZ 10 HE B ICiF LU, 11 REEYE I ICRES 5720
ZOYIalb—yarTik, BHE2035m Hisiz 9 H 12 K
M, ¥R 5m #1012 KRR EIZHAET 2 L UCEBE%2T
BoTW3. £72, BAFER 1L AUIHULEHOK T (7
o—h) ZEELUTEHEZITY, BABANICLEZ 78— 1
DEE DENEFHFNZFARS. UL, ZO¥Ialb—
YarvTHVWARET— XX 1EFDT —X &K UM
WB 72, ZORICRENRREMEN G ENDGE, %
NERATEZEIERETHY VI ab—Ta URIRIZK
Mt TULES. F72, BFPEBEFCIEARIN,
JO0— NOBENCHEE X5 INSBOBFHIENEET
»H5.

3. R’EFZE

3.1 EXT7AFT7T

ARWFFETIE ConvLSTM Z2{#HHE L7771 — b D
P RFEEZRET 5. KFROERT AT 71, #@ED
70— b OBMBHNIE D W TR R TR Z 1T O R, BLO
MEORGZEHOEHEOT - X E2FHATEIILVFE—XK
WEBRZITD RICH B,
BEOMBMCED IBMHMARFR: HETIal—vay
ZED AGERDET IV 8] TlE, MEBUEDWER A & FHIZ
FrFEPEL, ZEO 1 FOWHREZRED K UMHHAL THET
Wz, T UTERIFE T, @BEo7a— o,
B oFEETO>ZLIZED, BRT—ZDAPSTIET
AN 7O — NOBNE A2 FETHZ EAAREE 5.
RIVFE—FILEE: KT, 70— bOEEOHH
A OWERT — &, FrEDORL 2 2O T — X % F]
Ad5. 7o—bbF—XIi%, 10 HEICHERISZEELUZBO
i (R, BE) LIPS 5. WRT — X, 0.5 x
0.5 JEU 5 OHPHIZ BT 5, Hii, mlbZnZnDHRoD
HEERETH L. ZDLSICHEDRL S F— X % [
Z|S 728, BEFETE, ThENOT -2 2EHLL,
ZF ¥ VAN D 1 MOEBHRE UTHE-MIZHEKS. £72, B
R D FRARE 3T 5 & S IZRREHI CER Z2 BT 5.

3.2 EFIOEKRENEFIE
BETLZHATHWS ConvLSTM O %2 1 12777
CovnLSTM 1%, LSTM DRI IEE % B AL AFHE I E &

BRI =2 —F VY N7 =2 TH 5 [10]. —HH
72 LSTM QMR % BARIZRT.
iy = 0 (wgixy + wpihy_1 +we0c1 + b;) (1)

fi = o(wapxe + wpphi 1 +wepoc_1 +by)  (2)
¢ = froci—1 + i otanh (wyemy + whchi—1 + be3)



BERLEBF SR RIRE
IPSJ SIG Technical Report

Float position Oceanic current Oceanic current

L (east-west) (north-south) ;

T

Input x; Input x, Input x;_;

ol Input x,
1 H
E | -
‘ convLST™M }" convLSTM } > -»‘ convLSTM ‘ + convLSTM
1 1 1 i
‘ convLSTM } ‘ convLSTM } ‘ convLSTM ‘ + convLSTM
I ] 1 1
‘ convLSTM }»‘ convLST™M } -»‘ convLSTM ‘ L convLsT™
I 1 1
‘ convLSTM )*-1 convLSTM )- s el cOnVLSTM | F convLsT™M
1 i 1 1
{ conv3D [ conv3D ] ‘ conv3D [ conv3D ]
Output y, Output y, Output y,_; Output y,
L J | | J
i l | Y
[image sdjust —  [image agst |— ' [imege g ||

Predicted
v trajectory

1 BETLZHATHWS ConvLSTM D3 v b7 — 7 Kk

01 = 0 (Wyoy + Whohi—1 + Weo 0 €1 + by) (4)

h,t = 0t © tanh (Ct) (5)

ZZT, 4 AT — FOTEHALRZ bV, f, IFREIT—
b DIEHEALRZ MV, e IZBIVIRIEDRZ b L, o, IZHH
7= N DIEMEAERT MV, by XENREBORS ML ER
. o dT XY=V, o XV EA NBEEEET. ¢ &
hy DHIMEIZ 0 TH 5.

ConvLSTM I, LSTM DAREHEHE % B AiA AT E E

257, MFO XS iz&RI N5 [10].
b = 0 (Wgi * Ty + Wps ¥ A1 +we; 0c-1 +b;) (6)

(
fi =0 (Wapxxs +wpp*heg +wepoci—1 +by)(7)

¢t = froci—1 +1; o tanh (Wye * Ty + Whe * hy_1 + be)
(8)

0t = 0 (Wayo * Ty + Who xhy_1 +Weo 0, +b,)  (9)

h; = o, otanh (¢;) (10)

I T IFBAAAHEEZRTHSTH 5.

ANEFE, 1 FryrrVHIZZ7u—br—4%, 285 &
V3 F ¥V ANVHICKHES L OHILSAOERT — X %28
CEGT —2Thsd. ANBEBDOEBIZONWTIE 33 HT
Bkd s, £/, 7Juo— ML BBM L EOHEED 10
Hiz—ETH277-0, BFETDHATET 2RO BA X
WHETS. 1 A7y 7OH®IZED 10 HEO 7 — b
O EZFHTEI D, FPHEERZ XY NT =212
ANTEZET, 20 HUBO 70— bDAEZ FHIT S Z
LHLARETH S.

nE, BETEHRTIE, 7Jo—rOMEEFHTS L
FREIZ, ORI RS 2RO FHElS AR5, 2
NIZEY, TJa— MIEEE S AHHROE S 2EE LT

© 2019 Information Processing Society of Japan

FHEHETZDLHFTES.

3.3 WHRFT—%

BETZHATE, 70— bOMNEBEERE R ITEHEE,
M33DES5I275F—vavizkhRETE, T4hbb
Ju— MPEHIENMEOERKOMEMEZ 0L, Zh
ZHDE T B IER DR > TR O EO L % HE
5.

—H, T — ZIIACE AW, |E SIS TERZLT
5. WA 0[m/s] DEGEIT YK HEFE DL EZ 128 (256
EBEDEGE) L U, KEAROEGEIIAR E DR %E 128~
255, ZEME DEHR%Z 0~128 DHEEME U THRT Z & Tl
Bibs 5. BEARDRMKIZ, EMEOHERKE 128~255,
T & O %E 0~128 DREEME & § 5. Wiz AL
7% K 3 BXOK4IRT. HHTEHERT—XIEHE
HOT—RTHD7-0, EMEZIT\, 10 B8 OV b
BEERT 5.

70— b RO DIERET - 721412, FHlEITD
W 2 YLD, B ) 2 7B I UEIEMIR 24T > .

ConvLSTM (2 & % Hi 1 D H#i % X 5(a) 12239, ConvL-
STM iz &% 70— FDAEDTFHENE, Wz DT 5ET
o, 775 —aizBi)3TEN (FEEMEAS - & BIK
WHE) 70— bDEEZRT I L &5, ConvLSTM
MEIZ|OP R SF—varvietidTs IR s W
O, HHEGOMHEMEE WEBEDT v T4 VT ERITD
2T, 7Ju—bOFHfIEEZKRD S, TOEES LT,
/o s 77—y a VligEERT S (K5(b)).

3.4 FEHE

BT 5 HRTPWT, ConvLSTM Dl %17 5 B,
X6 D& 1 REZLEDFHZFT, FHIKEROE S L F
RIS S AR A BINT 5. AWIETIE, 7a—1D
SR IEMRN E e TN EO Y 7 2 VO TR T LS
2L, WHOBEEIY 7 vVEBOREMDETRTI LIT
LT3, IROBZ O TR %T S BRIE, 1 REZIRTD H 7
BrTldie <, EfflE&gE AL UTHERATS. MED LS
Rl EOREGEVEL, BAEKEREETS. K
Wrge I, HEEBEBIZ MAE (Mean Absolute Error) % fii
MU, FllEGE FREGROY 2 2IUEDBEAZILD,
WEDF % loss i 5. T—XF 2 TIL1ODEIHN
10 R TH S 729, 10 [HOFHEIFV, GEDRED
¥k H L ICEABEBEREHNT S, RO E D S L
DED NIy FH A XL O > TIIZH U T -
T2HRIZ, BTN TIA—ROEREITS. T —29 >
TVETIZHLUTHF R 1 TRy 22 L, 51U
EDONTZTHRY 78O ERETERROUIZ#E KR,



BHRLIEF SRR E
IPSJ SIG Technical Report

M2 /75—y arvTRELEZ7O—OMEFR

3 WP SIA DR

4 FEALS IR DR

(a) FHISEE

(b) M IEALEEER
5 ConvLSTM (Z& 9 FHIE N7 T7 1 — h DALEDH

4. FHMmEER

4.1 EBREH
REFEOFEARN 2 FRIEREE BREET 5728, JLREEE

D LR PHER D ER R ARV I B W T, 7 B — b DT
THIOKEEZMIEL 72, R & Ui 30 2 5

© 2019 Information Processing Society of Japan

ERER [ EZERs | [ EFERe [ [ EBERs [
|$§%a§| |$§%%E| |$§%a§| |$§%a§|
(=] | (=2 | (22 | =]
[convistm } { convisTm | { convisTm { convisTm |
[2m ] Y[ am ] L ams ] Y Ase ]
ERZE R

6 ConvLSTM DO H ik

error{degree]
~N w E=y v o

—
"

o
N

7 71— MIEOHEERE

66 FE, B 144 A5 180 BEOHIH & L7z, Z O
BT, 200341 H 15 HA 5 2008 4E 12 A 31 HE TIZ
BT n7z 70— N OMEFREFET—X &L, 2009 4
1H1H»S 2011 £ 12 A3l HECIZBlllshzrm—
FDALERERE T A NTF =& & U7z, 1 DOFEHNX 10 [
D7 u— hEHIMES X OCZ D& IZB T 2R T — &
PolEREINS., Tabb, Ja— M 10 HiZ 1 B O
ETHMEZTS 2D, 1 2OHEFIIN 3 r HFOF— % %
LI einb, FREF—-RIETIEH, TANT—XIX
20 FHH & IR o 7. WEROMRE L 224 x 224 HiFE & U 7z,
ConvLSTM OZEFEZTHEIE, NXvFH A4 X% 1, TRy

8% 30, FE7NLIY) X L% Adam, FEEEE 0.001 &
L7-.

4.2 EEBRER

410X SIZLTHEE%ETT o7 ConvLSTM %, T A b

WEA LU CTHGE24T 572, AEBRTIERKI ATV

7 (90 H) #0780 — b DALEE TEHZRAT.
EFANT—RIZBIFEZ 70— iBEOHEMEAE %X
TIZRT. MEY, 27y IHELIZONTHEAENKEL
HoTWbIZ bbb
TANT—=RIZBWT R PR Z4T R 72HIZD0WT,
70— MIEOHEFE X 8, &L DS & AR5 % X



BERLEBF SR RIRE
IPSJ SIG Technical Report

31.2

31.0
Y 308 p
2
B
= 306

304

oQ—a—a—o—0—
- truth
30271 — predict ° ¢
151.0 1515 152.0 1525 153.0
longitude
8 FHIZEEYNZAT X T O

37 1

36 -
» > L 4 L 4 L 4
.UE 35 1
£
o

34 .

31— uth

= predict
175 176 177 178 179 180
longitude

9 T EATA % o IO

0WERT. Moo 7o— MIBEOHFRIETFHI SN Y
O—hOMEEZRLTED, FEAFEBRO7o— NOME
ZRT. X110 &0, FHIBGED?S 5 AT v THE TIEM
RELEWVEIIZBEITEEFHILTE Y, FHIME S E
FRAT B DI DEAEDVNE W 30 5.

Wz, FHEESRPIRHEYTH - iz onT, 7E—h
R E D% X 9, &0 H 7L FEREG 2 11 125
.9, K11 &Y, EfIEZIEYRESIIBETLE Y
HLTWBEZeWbhd., £, WThoBaes, TN
EHIZONTEHROEBEEAED IV P I AMBETLTS
0, WROFHBEINATATOVRNWI LR 5.

5. fEame SRDRE

AR TIIEMEE T LT 70— O FHIZ1T S
72, BAAALSTM Z2HAL, #@ED 70— hO#B
FOMROEADR S0 6 FHFZ2 T TR ZTD Fihk i
EU7z EBRERLY 70— oA fEiERICYTT 5T
HIHEL <, F£72, FHPEDIIONGAENKRELR ST
WL Z Do dz.

St8, RETFHEOBER LOZODFEFEOREL &,
BEY I 2L —Ya iz k3 FllFE e oiiiat 2475
FTETH 5.

© 2019 Information Processing Society of Japan

SE X

[1]

2]

3]

[4]

7]

8]

[10]

KEFEN. SEEEERY AT L (argo FFHE) I
DWW T. Techno marine HAEM Y4 GE, Vol. 854, pp.
485-490, 2000.

Zisis I Petrou and Yingli Tian. Prediction of sea ice
motion with convolutional long short-term memory net-
works. IEEE Transactions on Geoscience and Remote
Sensing, Vol. 57, No. 9, pp. 6865-6876, 2019.

Mehdi Mirza Bing Xu David Warde-Farley Sherjil Ozair
Aaron Courville Yoshua Bengio Ian J. Goodfellow, Jean
Pouget-Abadie. Generative adversarial networks.

Mario Riittgers, Sangseung Lee, and Donghyun You.
Typhoon track prediction using satellite images in
a generative adversarial network. arXiv preprint
arXw:1808.05382, 2018.

Mario Riittgers, Sangseung Lee, and Donghyun You.
Prediction of typhoon tracks using a generative adversar-
ial network with observational and meteorological data.
arXiw preprint arXiw:1812.01943, 2018.

Daisuke Matsuoka, Masuo Nakano, Daisuke Sugiyama,
and Seiichi Uchida. Deep learning approach for detecting
tropical cyclones and their precursors in the simulation
by a cloud-resolving global nonhydrostatic atmospheric
model. Progress in Earth and Planetary Science, Vol. 5,
No. 1, p. 80, 2018.

MBUT, FREET. BREPEEAVWEILVFE—X VY
BT KB BAKETH. 5 78 B2 E K2 X E, No.
2016.1, pp. 369-370, 2016.

FZEARES. Argo 7B — FOHTAY I aL—a v, W
Blesdt > X -ABRIFEH &, No. 44, pp. 9-16, 2001.
Naoto Iwasaka, Tsugukazu Okumura, Eitarou Oka, and
Kensuke TAKEUCHI. A simulation of argo float distri-
bution in the south pacific. #EFERIFE AT v > & —iXERIT
R No. 49, pp. 43-50, 2004.

SHI Xingjian, Zhourong Chen, Hao Wang, Dit-Yan Ye-
ung, Wai-Kin Wong, and Wang-chun Woo. Convolu-
tional lstm network: A machine learning approach for
precipitation nowcasting. In Advances in neural infor-
mation processing systems, pp. 802-810, 2015.



BHRLIEF SRR E
IPSJ SIG Technical Report

u— MEfg (RER) 7u— bk

7

70— O fiE

7u— MiE

MR EROEMR (B mREsg (R

VR ER O EME CGRE) MR CGRE)

© 2019 Information Processing Society of Japan

1 A7y 7

5 AT v Tt

2 AT T 3ATvY Tt 4 ATy Tk

B 10 FHIZEEENIT R M



BHRLIEF SRR E
IPSJ SIG Technical Report

7u— b OFMFEG fMEARD 78— Ml 7a— g

7u— MiE

MR EROEM (B imREEg (R

VERREMR O EfE CGRIE) MR R

1 A5y 7% 2 ATy Ttk 3ATY Itk 4 ATy Tk 5 A5 w7
K 11 FRIZTRL» o726

© 2019 Information Processing Society of Japan



