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ICEES kB as & LT, Support Vector Machine
(SVM)? #5 X U'Extreme Learning Machine (ELM)® %
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Lv. 1 Lv.2 Lv.3 Lv. 4 Lv.5 Average

fER Tk 0.974 0.902 0.776 0.650 0.854 0.831

TERFIE 0.972 0.936 0.810 0.738 0.872 0.867
e

Lv. 1 Lv.2 Lv.3 Lv. 4 Lv.5 Average

ER Tk 0.984 0.879 0.732 0.705 0.852 0.831

TERFIE 0.992 0.895 0.807 0.762 0.870 0.865
F fii

Lv. 1 Lv.2 Lv.3 Lv. 4 Lv.5 Average

ER Tk 0.979 0.890 0.753 0.676 0.853 0.830

TERFIE 0.982 0.915 0.808 0.750 0.871 0.865
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FEICKAMEBITICEDEHRATH
AL TIL, B LIRS O TR TIEOREEE 2 34
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FllFEOWME B4R, BEFETIE, W
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WEITH., 22T, KR THEETHT T b7
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DEEND
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Forecast data
|

Time series of weather data at A location

S

Data used for prediction

WIPS value is predicted by LSTM
at A location

A —t—
Be--8---F---F--f
Time series data of WIPS values at A location
Time series of weather data at B location
i e

Be--@---@---B--—f

Time series data of WIPS values at B location

Data used for prediction

WIPS value is predicted by LSTM
at B location

The influence of past data diminishes as they become older

I > Time
Current Predicted

WIPS value is predicted via LSTM constructed for each location
based on past and current WIPS, weather data and weather forecast data
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1 3 L H
] 1] O . . . < Data used for prediction
KP 399 meml r : :
. ] O [ . I—D—I WIPS value is predicted by LSTM
(CCTYV location . h at CCTV location on KP.39.9
o o 0 . . . - Data used for prediction
KP 35.5 mtem WIPS value is predicted by LSTM
) 7] ] II_D_"I P 3
(CCTV location) L L | at CCTV location on KP.35.8
_______________________________ ,
E XRAIN (Precipitation intensity and |
! . 12-hour precipitation intensity) '
E:| ! AMeDAS (meridional wind speed, |
: zonal wind speed and temperature) |
. WIPS value :
] O ] . . . « Data used for prediction
KP0.0 ol
(CCTV location [ 1] ] [ | || rm. WIPS value is predicted by LSTM
Current Prodicted at CCTV location on KP.0.0
| 1 | 1 1 | R
] 1 I I I I » Time
- >e----- e T e T R R >
Smin Smin Smin Smin Smin
H-5 EEROME
LSTM 1%, ANT— 1+, B —F, Whr—+% HRRAIZ X > TRl g 2. /NS VIZE, K5

BATLHZET, ZOMEEFRL TS, LSTM
DOFHEXE LU TITRT.

fo = o(Wry ~xe+ Wy ~heq +bs) (1)

ir = o(Wix =%+ Wi *hey+b)  (2)

op = o(Wox “Xe+Wop “hes +b,)  (3)

Cr = fr*xCoq +ip* tanh(Wc,h chi_q + bc) (€))

h; = o; *tanh C, (5)
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MR T 5. S BbIT, KM/ L& WIPS fEAEG TE
&whﬁ%ﬁmb,wﬁr B DINFESL FED
FHRIMERIZOWTH T 5.

— R IE4E —

ARERTIL, £ FEO THIMEEEL WIPS O T
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2RIz DTz - TEIRI S 4172 WIPS I
PTHhINTWD Z L EmrRT.
it,ixwﬁﬁﬁﬁifﬁ<,ﬁﬁéﬁﬂ%ﬁ
T O T HIMEREZ TG T A 72012, WIPS iz %0
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L L RO T, HHFE (Recall), @4 R
(Precision), 8 L F fii (F-measure) Z5&H L,
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@%Jﬂliﬁﬁﬂaﬂ@ﬁ ExF L, Lv4 139

S i
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?(ﬁ' TIE, BAZ NS WEFRELY S, R
INEPNZEAL T D B IFIZ BT 2 T RIREEE 2 e PR+

DI ENKRIZEETHD. £ 2 T:Kﬁnfi\mm
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BOWTTHREENR/NERDTEERFEL, £FIE
DI/ NREZFER LIZERE I v N5, /il
EEFER LIZEIEPSNFIEFE, THIMENZE

L TR Y EEMED O & 5.
—LSTEME & Vg ER (LR) ZRAULN=6F&—

AREERTIE, 3 FEOBIALEE 2 FEOTH
mEMAAEDYT 6 PIEEFHET 5. THIEIE
LSTM B L UHIEREITE (LR) Thb. sl L L
TIE, CCTV B AZI2X D WIPS f, XRAIN (2 X
DK R O 12 KRR &, AMeDAS 12X 5
LG, HOEEGE, RIRAZAVS. LSTM B L
LR ZHW/= 6 FiE MI~M6) DifEfr -4 2R
T FERIEIUTOELY TH .

M1 : LSTM (WIPS)
M2 : LSTM (WIPS, XRAIN, AMeDAS)



About 58km

@ CCTV cameras
T % ;
Teshio AMeDAS T AmMepas
KP18.6 I Rader station

Enbetsu AMeDAS

KP35.8

<
- e

KP39.9  Apout 49km il

Hakodake rader station
A 10 20 km

1:440,000 |

-6 AEXEBRTHRETHCCIVHAS

R292 ©. Okp =4BPE R282 9. Okp SHEREN RZEZ ©, Okp =B

el R R BIEE 7 BT ) | depme 2Ry sREtEliln) = - egEs fﬁgﬁ Stz Bl = ) )| )
2021/12/23 12:15 2021/12/23 13:00 2021/12/23 13:30

WIPS: 5.33 WIPS: 7.63 WIPS: 8.84

Severe Poor visibility condition Poor visibility condition Slightly poor visibility condition

BE-7 SHFRRRARE HEED CCTV A A SEHR EXET S WIPS E

M3 : LSTM (WIPS, XRAIN) BUER LML WIPS fEZFHIAS L LT
M4 : LSTM (XRAIN, AMeDAS) W% 2 2 MGET D729
M5 : LSTM (XRAIN) - M1 vs. M2 vs. M3 :
M6 : LR (WIPS, XRAIN, AMeDAS) XRAIN (T X 2 MoK - 12 R REK R &
" AMeDAS (2 & 2 B - &l & W o 7o KR T —
D 6 FEEFMIT AU TOLEY T S AR YL LTS S E REET 57
H5. b
+ M4vs. M5 :
M e 6 S 72 & WIPS fEASTUSC & 72\ ki & AE
HHIP T WA ATHEL LSTM & PRl 70 & L, G457 — % DR AN EHAIT AMeDAS 7
LCRN S RHEERIET 5720 — ¥ DR RN TR 52 5 BB 1
M2 vs. M4 : b
R4 XRETRIETSFEOHPALEHE FRF
Predictor Explanatory variables
XRAIN AMeDAS
Method | LSTM | LR WIPS (Precipitation intensity and 12 hour | (Meridional wind speed, zonal
precipitation intensity) wind speed and temperature).
Ml v v
M2 v v v v
M3 v v v
M4 V v v
M5 v v
M6 v v v v
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—EEREH—

AREBRTHWDLT =X 2L TFICEELLLHATS.
CCTV BEfgT—4 :

AEBR T, B-6IR"T XEE g3 5.
$E D40 km X I IE65DCCTVA A 7 ViR E &
NTWS. FCCTVA A Z1L, EHDON T 7 A 3% v
N =27 % L TG T — X &7 — X S — T
EELTWS., ZOYAT AT, £CCTVH A S
(2D &Mk CHr LB NG S, 7 — & —
IIRIEEND . AAFZETIE, K CCTVHLEIZIHWTT
RE3047 0 516 & TICHUS S 7= & (kg 2 v
TR ZIT>7-. 2N H6EDCCTVA A 13,
RESTANEIEEESNTED, LYy A~DEER
EOKNIAET D o — AR D 22 o . ABFSE
TlX, B-612R L7265 DCCTVA A T b EE S
7-5 MR OF L &, Ziuisxtisd 2 WIPSHE %
RAFT DT —H_N—= A — _EEE L=, x5 HM
1%20214E12H 1 H 75202242 H 28 H £ T 90 H [t
Thb. B-12, SO CCTVHLE® L, FhEFh
WG 2 WIPSTEO B 2 7~ 3. FAR N ELT 51
DIVTWIPSENME T 5 Z LR TE 5.
AT L RIZERKRNHE LT-EER, H25VIdE
BT D F % PR RS L 7o BRI DD T, SRR
(S VA E L CHBIC L W ERSLT-.
AMeDAS T—4 :
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kpO | kp5.3 | kp9.0 | kp18.6 | kp35.8 | kp39.9

Num. of training data 5,263 | 5,924 | 6,430 | 5,556 | 6,152 | 6,313

Num. of test data 3,004 | 3,000 | 3,010 | 2,140 | 3,004 | 3,012
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MAE for each KP
Method kpO kp5.3 kp9.0 kp18.6 kp35.8 kp39.9 | Average

Ml 0.18 0.22 0.16 0.1 0.23 0.25 0.19
M2 0.18 0.21 0.19 0.1 0.34 0.22 0.21
M3 0.23 0.21 0.17 0.09 0.23 0.23 0.19
M4 0.44 0.49 0.4 0.26 0.48 0.46 0.42
M5 0.63 0.59 0.66 0.33 0.63 0.63 0.58
M6 0.19 0.22 0.17 0.1 0.24 0.23 0.19

F-measure of each level and average of Precision, Recall F-measure of all levels

F-measure Average
Lv. 1 Lv.2 Lv3 Lv.4 Precision | Recall | F-measure

Ml 0.98 0.62 0.4 0.39 0.68 0.56 0.6
M2 0.98 0.62 0.44 0.51 0.69 0.61 0.64
M3 0.98 0.61 0.43 0.41 0.69 0.58 0.61
M4 0.98 0.39 0.35 0.14 0.62 0.42 0.47
M5 0.96 0.05 0 0 0.28 0.26 0.25
M6 0.98 0.61 0.44 0.48 0.69 0.59 0.63

The num. of times the error was the lowest in dates with high variability in WIPS

Method kpO kp5.3 kp9.0 kp18.6 kp35.8 kp39.9 sum

M1 269 468 175 93 300 354 1659
M2 350 210 222 77 326 240 1425
M3 332 376 237 98 239 398 1680
M4 192 228 102 51 272 267 1112
M5 184 198 72 43 250 200 947
M6 235 287 132 61 281 217 1213

The num. of times the error was the lowest in dates with low variability in WIPS
KP kpO kp5.3 kp9.0 kp18.6 kp35.8 kp39.9 sum
Ml 298 325 572 288 325 152 1960
M2 469 178 300 377 86 346 1756
M3 132 227 401 476 268 354 1858
M4 150 70 177 171 141 108 817
M5 56 90 110 103 85 66 510
M6 160 166 332 245 253 131 1287
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