arxiv:2505.00495v1 0 0O [

=1+

$E 5 A

1% Nguyen Van Thanh

Faculty of Electronics and Telecommunications

University of Engineering and Technology, VNU
Hanoi, Vietnam

felicenguyen2001@gmail.com

3" Nguyen Ngoc Tan
Faculty of Electronics and Telecommunications
University of Engineering and Technology, VNU
Hanoi, Vietnam

tan.nguyen@vnu.edu.vn

7B AT I I 1 DA R iy ) 295

27d Nguyen Dang Huynh
Faculty of Information Technology
University of Engineering and Technology, VNU
Hanoi, Vietnam

nguyendanghuynh1804@gmail.com

4% Nguyen Thai Minh
Faculty of Electronics and Telecommunications
University of Engineering and Technology, VNU
Hanoi, Vietnam

minhnt@hnmu.edu.vn

5" Nguyen Nam Hoang

Faculty of Electronics and Telecommunications

University of Engineering and Technology, VNU

Hanoi, Vietnam

hoangnn@vnu.eduvn

P — R R Pk, BTN TR
PR A GRS I . SR, XU B A AT Pk,
B AR B 2p i R A A . X IRREST, SRR T — Rl
JH Transformer PIZSCERTERIE Y ] iR BUA K 6 /by
RS ShSURE . T DI ZRSERE0 A8 Bldha > 11 3 B 5 i P fn
KAEHR (NOAA) [1]. FiH&REW, Piadiiny kbt
Sk EdEdh. desb, BBt P o R A R R

Index Terms—#FEHiml, Miiag, RIEYS], BIRE
1y

L a4

P TR A R KIS . KRB (M
IRE 63 24 HL/NRTECER) AT RE S AR IX A A
TR A A RV 7= i KRB (2] B4R, RZYA 40 2
50 MHAFRIEX (TESRTEMHEIZM) AR NE . HE
Fffy B s ) DXL SR T 65 244 Jy RE 05 R I 4 1) TSI i
i, R PRI KRR R 10 o SR, el T X
BB ZRPERI ABR AR AR, T R B B i
I 17 22 PRI RE

UG B AR T B ARTE I AR R HUS T R kg . R
M, REFCUREIEN G EAR F2git e (3. A
fokul, EEEZEXAL (NOAA) Huifi A TiEw
PATR JLRP I 7 -

« EFRFERAL (GFS) [4] MK TS Fildk

B (HWRF);

o HiFR#ER IFH1E operational environmental satellite

(GOES) #% [5];

o [libFNE b RSALIERER M 45

B, GFS il EWRE MR 5 T 000 AR
IR AR DL B B ANy R S 0 K &z 5l . KT,
GF'S 11 HER VEHOR T 4 A K S s ARG B2, X T)
SREE . REMTRAE B XHFE T & RN A i
DLEZE (AR A JRFIREAS) R T3k

ARG, GOES, WA KT KB F s FE Y
BESAE  GE SCEHIXREAE, NOAA AT AT
B DRI . SR, X E T PR B R AR %
HiRE ), IXLERE W] RE S 32 B RATEHOR Y 2


https://arxiv.org/pdf/arxiv:2505.00495v1

M) o Xof izt b DX PR T B B st o T Bk K

e, EEEZGEHEMRKEHREH 5%
S R 28 S SR AR Sy . X L R R T B Y
Bl o KR T A T AR ] P B AN 2 A A )
1B IR AR RS RS, A sl IR I 1 v X I
X T RE 2 AR IR X

IR A2 B R R R G A MR AR S DA B SR A
BHT R IR ZE BRI .

B, SRR R RETI E BT,
BIAER MM 2% (RNN), KAHe12 (LSTM) M4
[6] A4 R I (GRU), BRG]
f5E. Zul, BEMEML (CNN) SV, BRE
1A R TR 2 >0 H5eHa v i 25 (B ARRAIE , 3k AR BT T
AR KUZR AR 1 25 (R Rl T R (7] KT, X
ST R SRATAE —SE PR, 5 A DAL HEK 30 IR
o WAL W AR K A TRAE, A
TP BV R B S M S (A AR . 24 XU
T FARCRE A e 7 B [ I AL P 2 AN PR A B TR A, X
HBCH—AN AL LGB I8 RNN, GRU
5, CNN W] BEXE DA RCHb ™ DA An A2 =445 Rk
FUAEESE [9].

Transformer FFL ARG ST AR EE UK. (7 B
AR MWHERE R R, I HHA AR K ET
FURRE ST, XA AR o KR L T v 1 TR A
E RS Bk, fEAser, F8A182 1 6 Transformer
U R RN 0) ]

ARSI LS ZUNR -

J5i 4 Transformer AU FIFRATHE H 0 HRA A 5244 K
BAERAR o BIESE I RS = b g . e, FESBIY
T, AR TR H %) Transformer FE24 710 KU
Bl R S5 RS A G2 SR (4 LSTM) PAKSEHE
B R G S5 B i B TR BT T R

I A7 Fednsi

Transformer % 2 iy Vaswani 28 AJE 2017 4EHE
T AL S A B e p 22 N 28 284 [10]. ERA T2
LR IVLEIF BT & W 2%, HAERFR B SRE T A
PSS R R B, AR, AT H
Transformer AR FEAT Hiy “UREPIB T, DA KA
PSR RS Ry R K
A R 2R [ FR L K R Y RE

Iy e A LAY RE AL 42 AN (7] R A4S & 22 [R] IR AH 56
PEHFE PO R M . A, Transformer FBIALYEZERE
Eepuiol i kil NANYNUNITE PN &1 =R/ S o IR =R
T EA R . WE 587~ , Transformer ZEf4) =35
HHPAER T 28 Subdas RIS aS . InfidaS ARaD a1 th
ZEHAN, B— BT EEEM—T 52 g
T F T A A58 PR BRURRAE , TR A 25 DU ) i i
FRAEA BT [11].

Output
Probabilities

Add & Norm

Feed
Forward
| Add & Norm IT:
b ] Multi-Head
Feed Attention
Forward T 7 Nx
—
N Add & Norm
Add & Norm NEEked
Multi-Head Multi-Head
Attention Attention
At t
— J . —
F’ositio_nal & @ Positional
Encoding Encoding
Input Qutput
Embedding Embedding
Inputs Qutputs
(shifted right)

B 1. Jilh Transformer AMEIR, GLHE A AIARD AR AL

JUII 5 305 1 1fF 55 348 B 20 Y Transformer B [
T T 1000 [12] DA K38 3 A0 T 2 s e o
[13] 86455 75 [12] W, fEE$EE T —FHA 1A 4
a8 AR 25 2 MU BE Transformer f81, 250 EIR,
Transformer 7£+ 3 10 14 68 _F L T4 40 i LSTM 4
B, RFET 2023 4F 7 HEUBESE (13] & T —FpH T [
R B XU 10 O T4 XU 51 B Y Transformer W2,
I TAES, (EEM@H T E R & R0, 45
BT ET RNN pyfin,



I, $ S5 A AR BRI A1) TRANSFORMER A5
HT _EiAX} Transformer B2 X704, FEATTH,
TAREH T—M45 T Transformer FBIAHIARFR 45 DA
PERMER T D R AR, IR TR .

=

SR N
, .
8.,
N N

i

& 2. 1944 4F % 2022 4F 1 R K AE 5

Vi tri nhan dang ludgi

Vidd

[ 3. — AL 1° B X 1° G EE R ARFR A o

A. P AEAER

K72 R T H T A B 8 [14] 79 Unisys
Weather Dataset il 5% I #4aly SUBE M 2 25 B i . % &
VEHH THES @ AR N B s8R gl . f5—A>
FEA PR ERCE T A A, PR ERWTIR 2, [FIRT
VIR AU R RO R i b s DRI . X
Fhise B R 18 A Transformer GBS f UM IR XL
A 2 o

TEARSC, AT T XF Transformer 1274 5 A
Fr WA BERUAR 25 A N 2R 073, a0 [15] B HARCk
U, Transformer 27 >J XU — > FIA% L ITH 3 3|
T3 A BT R o B 2R ) AR A B
23,533 AT A A5 R
B. %%

NI S E EFREAAL (NOAA) FRHUER K
(1] ZEAHAEMIE 1852 4F 2 2022 4F KV P <

BEMIE S BRI S AL 6 /N XU L L
(GEEMZRE) . WG (DA BAL) DA SR AR 0o
J1o AERSERA SRR B R B0 )5, AR
B 1944 47 2 2022 FF MBI, BT 982 A, B
22,545 ZRBdEICF (4 6 /M—2%)

MR 2 LN A LR o, FRATT T3 o e
FIRE BT 1) SR MEF AL ASCRP LT o 24 R Or B 5 R
oK 6 /NFTERALE (PASEHUREAAL) 22 ) F B s 2
H 7 OPY FEVIEAHN Y, P RV RRAT IR S R ARARAY 154
LT 2 A T ) R A B

R, KBRS T il P A IS B2 (8]
WIFEE B ITEASIAY, AR Fs [16]:

sin(AM\) cos(¢2)

4 = axctan <cos<¢1> (6] — ) on( 6] oo B3]
Hrp 23 €[0,360]. a2 B2 gk, Wiim k360 pA
BRI IEEL . (A1, 1) 1 (A2, @) 43 IR M HIFI R —
A6 NI R RBE R ERLG R, PAS AN = Xy — Ao
BATIE B 5 K AE AR AS 14 57 X Y. 1)
HARRAF (K45 ID) Hy:

gridID = [ A — Apin] @ + [ ¢ — Gumin | (2)

Horp o] Rl %, (2] FoRiBO BB AL,
ﬁﬁ d = ¢max - (bmino

C. #iEar2

Transformer M2 I 4 A KCll. AT, MU
B KA AR S T e M, Fl e A
WEFFAI A FERH B HTEA R E 00K . T
SR B RURIF A 27 96 AR, PRI
AF A SR K AE 100,

B, IR 1 98,200 RER, B8 MREAAT
5L KU ). BBS. BSE )y IR R AT

BTk, BB B 13 A TERIEL B
12 ATERFERIA, 5513 SRR AR 1
B . U5, MRHEHIN 85:15 B H P15 A 1250
AW LA LA B
D. s B E BARD R A

FI??UERA T ASCHE Y Transformer ARAIZEAL . %R
Paftin PG, BT AAE 12 MR K,

)



e

)

i
AR
-* P 30°N

-

AN

10°N

B o3I}

_ll

Bl 4. Frgmialincc ) 5 A XL

g

Truyén thang
Chuén héa lép

Lx

Pau vao

Pl 5. BRISAR HE e A B A

BALRIN N A S ER. £ DPSIN, R
R B REE SO B, AT KPS
BEEL T BT RS R A . BRI, X
AU 22 e R AR5, (A5 AT DA ] i

?éﬂig/\ﬁ‘ﬁﬂé%ﬁﬁ
X LEAR S TR AN e B TR R A
Jt (GELU) i % [17] EI’JHI Sz, XARTE T R
JREEA TR .
BOlE o = A g B e 2 AT A PR DASRAS S A A

EFR . e, MR A— 1 HAWN TR Z 2R
FPL (MLP) &bz Hb— s 12 Man, &

L — D A TG, (0 TS BR A B2 1Y
ReLU il )21 tanh, 5 Jg— 2o R0 9
FEFRIAT o

T fi 2350 R A R IE TR 8L (tanh) TR
& ReLU 5§ Sigmoid, {24 e 4 H(EE R R -1, 1],
AT B A Rt Yo KU i A 2 5 1) [15].

EI?2HRIE 2200 B R T A4 I3 B i I A
AR L ER R

SR

B 1 Transformer 25 %4 ¥F — /4N 45 Tesla T4
GPU 1) Google Colab SAEg 1 #E47T T il k. I ZREEEE
TRZ16 534, 45100 4> epochs DAfe/MEAI K o %452
2% (MSE) ik k4. Adam fibgs 17
g, FldHETRAE R A TR .

ks, BAFENLE FSCBL T 0.0086 Y3 iR
72, WEWREE N 0.78, Wk IR,

F?2AI? 700 Bl R T T Y Transformer A4S
JERERTT (2004 4F ) FIREXAE/RIE (2020 4F) (1) R I
T ) B ZE 11

D6 chinh xac cda tap huan luyén va kiém tha

0.786

0.785

o
~
=]
B

Do chinh xac
o
~
@
w

0.782 1

0.781 4
—— Tap huén luyén
Tap kiém thar

0.780 A

0 20 40 60 80 100
S6 1an chay

K 6. BREREUGETTE IR IR e

FARIPA 6 /NIy T B F 0 X2 AL 5l . anE s, i

T A 5 S B MR B R AR T W B, R TSR
HERA 1 o

E KL (NHC) BIBTEAnfE R 1993 4F (L

ISR BOREZRY (GPRA) — g ds A [14].

M, NHC [ 35 b7 38 K V8 7 20 P i A #is AUie



IVAN 2004
1.094 —— Vi tri lu6i du doan
—— Vi tri ludi thuc té
0.81
B 0.6
T
=
0.4
0.2
(I) ll[) Zb 3I(} 4IO
Mau dir liéu
B 7. KBTS (2004 4F) (T0ELE
DELTA 2020
1.04 —— Vitri lugi dy doén
—— Vi tri ludi thyc té
0.8 1
B
3 0.6
=
0.4 4
0.24

0 5 10 15 20 25 30 35
Mau di liéu

Fl 8. MK DELTA (2020 4) [BIMELIL

A8 /NI P R R N LM 3 )P 3 A BE TN iR 22 . RV
NHC F2HEA 12 /NIFE] 120 /)N [a] B i i, {5 48 /1N
I AR T Y S BRI A AR A . T XU
FHIER) E AR, AFBEIRZE ] RERHAF 5 Il

#F1
LSTM B 542 i1 ) TRANSFORMER ASTA ) 1A 1 LB
By YyJide | dewnk
LSTM Model [6] 0.0160 0.685
Proposed Transformer Model 0.0086 0.783

K 9w, Wit 3T Transformer (130 77 ¥
M NOAA [ E# T T GPRA B RS AR HE R 5 2
Ko BEAh, 0 ALFR S R 1 Y Transformer A L
BA ) NHC 7B A m e .

Ie4h, NHC HFifi g it iass # & 2L
AN A REAE R — TN EE AL, XA T A s
SR ATENL ML T, BT A Transformer
TURE AR 2 S AR W] A S 2 T P R (A A A T

SR, Pt %) Transformer FE747E XU 300 7 )
Tk . B, QRS S B R R
i, ZAEEARE S B LA . X A S EEI I %
W o BEAh, Transformer ZLMyitHFERE S, JLHZ
AE RIS EUIZRI . 3 AR R 3 2 W U A2 B
FB e by ok T R .

>
/J
/

"

[

f

\ /

\

9. NOAA., GPRA Fpifi 54t ) Transformer #24  [a] i 3500 vl o) 14
.

V. 4hig

XI5, FRATEI T —F i A Transformer
TRET G5 5 BT I % 114 A s B S 2 8 T 0 12 28 6 /N (]
B RGBTy o AABE T T T A3k 6 /N XL
AR, UERRE N 0.783, ¥JriRZE (MSE) 24 0.0086.
5 NOAA ik GPRA RifEMIEL, FATATHZEL B H
FARRPERE, I IRt s e,

EE PN

[1] “National Hurricane Center,” National Oceanic and Atmospheric
Administration, [Online]. Available: https://www.nhc.noaa.gov/
data/#hurdat.

[2] R. Chen, W. Zhang, and X. Wang, “Machine Learning in Tropical
Cyclone Forecast Modeling: A Review,” Atmosphere, vol. 11, no. 7,
2020.

[3] H. Wang et al., “A Statistical Forecast Model for Atlantic Seasonal
Hurricane Activity Based on the NCEP Dynamical Seasonal Fore-
cast,” J. Climate, vol. 22, no. 17, pp. 4481 — 4500, 2009.

[4] NOAA, “NOAA Global Forecast System (GFS),” [Online]. Avail-
able: https://registry.opendata.aws/noaa-gfs-bdp-pds/.

[6] NASA, “GOES Satellite Network,” [Online]. Available: https://

www.nasa.gov/content/goes.



[6] S. Alemany et al., “Predicting Hurricane Trajectories using a Re-
current Neural Network,” Proceedings of the AAAI Conference on
Artificial Intelligence, vol. 33, no. 01, pp. 468-475, 2018.

[7] T. Kim et al., “Near real-time hurricane rainfall forecasting using
convolutional neural network models with Integrated Multi-satellitE
Retrievals for GPM (IMERG) product,” Atmospheric Research, vol.
270, 2022.

[8] R. Cahuantzi et al., “A comparison of LSTM and GRU networks for
learning symbolic sequences,” arXiw:2107.02248, 2021.

[9] R. Bose et al., “A real-time prediction methodology for hurricane
evolution using LSTM recurrent neural networks,” Neural Comput
& Applic, vol. 34, pp. 17491 — 17505, 2022.

[10] A. Vaswani et al., “Attention Is All You Need,” Adv. Neural Inf.
Process. Syst., 2017.

[11] “Transformer’ s Encoder-Decoder,” [Online]. Available: https://
kikaben.com/transformers-encoder-decoder/.

[12] A. C. Amanambu et al., “Hydrological Drought Forecasting Using
a Deep Transformer Model,” MDPI Water, vol. 14, issue 22.

[13] W. Jiang et al., “Transformer-based tropical cyclone track and
intensity forecasting,” Journal of Wind Engineering and Industrial
Aerodynamics, vol. 238, July 2023.

[14] NOAA, “National Hurricane Center Forecast Verification,” [Online].
Available: https://www.nhc.noaa.gov/verification/verify8.shtml.

[15] G. E. Birchfield, “Numerical Prediction of Hurricane Movement with
the Use of a Fine Grid,” J. Atmos. Sci., vol. 17, no. 4, pp. 406 —

414, 1960.

[16] “Formula to Find Bearing or Heading An-
gle Between Two Points: Latitude Longitude,”
[Online]. Available: https://www.igismap.com/

formula-to-find-bearing-or- heading-angle- between-two- points-latitude-longitude/.
[17] D. Hendrycks et al., “Gaussian Error Linear Units (GELUs),” arXiv
preprint arXiv:1606.08415, 2016.



