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Abstract

Tropical Cyclone (TC) center localization is a crucial step in typhoon track prediction and disaster
forecasting. Existing tropical cyclone center localization models are primarily based on supervised
learning, which involves high data annotation costs and fails to fully utilize the prominent structural
features of tropical cyclones in satellite cloud imagery. To address this, this paper proposes a contrastive
Self-Supervised Learning-based Tropical Cyclone Localization (SSLTCL) model. The SSLTCL framework
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first employs contrastive self-supervised learning to extract cyclone features from a large volume

of unlabeled tropical cyclone samples. Then, it fine-tunes the model using a small set of high-pre-

cision labeled samples to regress and predict the typhoon center location. This approach co-trains

the cyclone feature extraction model and the center regression model in a synergistic manner. Exper-

imental results demonstrate that SSLTCL can effectively locate the centers of typhoons with differ-

ent intensity levels, achieving a Mean Absolute Error (MAE) of 0.210°, outperforming other mainstream

models. Notably, the localization accuracy and recall rate improve as typhoon intensity increases.
Additionally, the model provides real-time tropical cyclone center localization support for typhoon

forecasting and achieves robust cyclone detection, with both precision and recall rates exceeding

97%.
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filt,  JFCoE A RO HE I B B 5 S AR TR . SR A TR
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AROT)— & TLEEG P EME R ORISR, AL B Rk IR [2]. 7R IERE K Rk
(11532 Dvorak 777 ADTEUR T N T — e R PR, SEBLA0E 0 E 3E N3] ARSI 7238
ELE A FUR A B AR A T A e FALEE & K RRHE & X0 [4]. 40 2003 4, XIIEHRZEA
[S]EiRIH 6 R ER D R, NABCEEERIE KR WY HO AR, RS 34K 6 KR,
e & XAy, B E TG TR 6K 2007 4F, Olander %5 A [3H&HUIE ez 7 )& 22 /0L 4%,
SRIGHET B AT IR eI A, 5o DR LR )5 s AE R & X0 2010 4F, Chaurasia 55 A [6]F FH #ily Ui
L R 2 R IR O FRAFAE, B B MU TR BRZT A PR Z 1, e G AL E . A5 7 1R
57 PR TR B O, R R SR T EARYE LRI DO, B REARR B K

B R B 2 S AR TH SRR B A DR R e, B b ) 55 BV A BRAT 55 R M R R 35 3R [ 7] [8], AT
HRET TR 2 B Al RS 2 SRR SRR E 7 S Ry e W0 2019 4, Duan 28 A[9)42H T
CenterNet BALKE H ARSI A bR CEE Ul v o 8, 1 Je il AN BB E I A B B 26 A il ], SRS
VAR PR A AT AN (R H o, A8 T 06 (0 D FBT 4 PSR AR A SR ) 0 A P 120 A 1) 5 P38 R v
2020 4, Tan 5 A[10]45 G5 Z S5 M AEZ INUHIRE I H AR, IGELEARFIM T, 0B I
B TR FER TR, P TR, 2024 4E, SRS N[ HR I R Eh A EEE R ) Ak
PR B 7710 B 28 X 48 BB (TY -LOCNet) #E4T & R O e A, FE4 HH P B 45 2K bR 5008 B B 28 [ U 2
PR SE SRS B o TR 2 S TR IR AAE AT BN TR A SR s , 0 A2 R s K 2k vk R i R
71E B0 E 4 G S A Hp R = REAE[12] . B B2 T IR 5 2 o) i s e v O e v J vk R @
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SF[17]0 Horb Az ORI 28 38 5 5 Bl 25 19 77 SR AN W B v A2 R AR B[ 17] [18]0 AHAE BT HT I 2% 1)
WK E A, I HIUIG BT E, B2 5 BB R B IILR[19]. R STy e O
SENIAT 55 B8 2 (1) SR R AN 0 SR T X IR SR LRI, TR i s A A A 5 B2 R A B - 5] B
F 50 RV I RFAE o TRTRT LG B B 2 S0 U — b T R B AT 55 A B AR 2, R P AR S D P S R kR B
K ST S5 S REAE (K 545 [16] [20] 0 X F U0 FCr IR AT 8 L AT 25 K Uk, 7T g 3 S e R GE 1M IE £
REASKE, ) FH BE 29 5 o B AR R A R0 20 BAUNE &R Gupf o T 3R AUIE &R 40 1 - I RRALE

WA SCHR W T — o 100 BE B 5 2T B G AU Hh 0 JE AL 77725 (SSLTCL), I K & Tohn 8 1 #Ay
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AR SR EORSE YA AT o B AR Y o b U vk e 43 R ARG AR IR IR 40k B8 T i 45 B . 5 M) AR S
AR SR AR A, 3 R S R O B AL ARG B, RIS SIBR T %o vy S AR o

2. FEEHE
2.1. #IEKIE

A T E = B RETHE TESLP OIS A BFY-4A) MKz 05 B £(FY-4B)
HERFFIEPUER R PR, TR FRBES et F L PIE SR IR AC(AGRY) IF IR 4 [ A Fa i e iR 2, s
[ 4 ToK, BB 15 4, BURYERE )y 2748 < 2748 18K . Hh, FY-4B PREEHRE
15 ANEkEIE, ] WOCELAMEBN(0.47 pm~13.3 pm), A4E 6 AT W OGIEIE(0.47 pm~2.25 pm) Al
9 ANLLAHMETE3.75 pm~13.3um); 1 FY-4A PRI 14 Abik@iE, 7&n W E 4 /MK B (0.47
pum~13.5 pm), AH5 6 A WOGIEIE(0.47 pm~2.25 pm)Fl 8 PMLLAMNEE(3.72 pm~13.5 um).

T FY-4A 5 FY-4B PREMPIESHAFE—E Z R, ARREEE—8E, A SCR AP E RN
H56 WM FY-4A F1 FY-4B A2 L1 2% HDF U144 Calibration FHFAE0HE 4(SDS) 3R B 5 5 b T 75 (13238
AR R N AR R 05 UG 2 7 B AL (DN E F3 4e 9 LR E . T2 2R -l CGMSLRIT/HRIT
SEBRINTE E SRR BB SRR, SRR WGS84, Hbty Z TR R O BB AR M [ . HE 5 75 5 2
BE T RA RS THEAT Y5 B L6 BRI OC R, bk 4 R Bt 4% S o iR E B 22 0.04° % 0.04°
ML . B IR PR e bR AU LR EAC B, FY-4A Rl FY-4B TLEBEAREE 7% H AN L
f[REPE,  SCSIER T S R S AN S R S —

AR HE i YR R R DX A SO, T R R R (CMA) #vis SUie S R % AR 2R
(https:/tcdata.typhoon.org.cn/)$2 4t T 1949 DISRAETEIL A (A R, ARIELLE, RE 180° LATE )BT
SERE 6 /NI A B AR [21] [22], A SO F i R AR AR I G Ui 6 /N ERLE E SR 4 5
T AGRI FBAGBURE 15 43801 4 5 000 £ 3447 B 23 3060 5%

2.2. BURSEE

2.2.1. BRI
AET T WoGIEE, A /MNEE R PR RS REMIMILE . AIER FY-4A A1 FY-4B 1) 6.25
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TE I A B A B R R S N ZIE L R = TR, DLiZ & KU B S O @ A AL B O IX S Oy, e —
300 x 300 153 1 XA E N EREA . IEREA MM AR B B R A I A b, A T X S8 O R T e
A DI O AT RIS . BT LESEBR R A & UG 8 A R T DX 3 ot 2 B T A A i EHR N
B 0, i N BRI AR 25 — R AE PR DA PN, TR N 4 RF A SRR S5 MU RRAE (1 5 88 e, AR SCisE B BEA Lw
B FIE—2°% 27, FFidsgk & KA OIERE & XA AL E . A IEREARE RS —A 2 4R 300 x
300 BRI TE = EEFE . 0P S E KO AR ALER X RS & KU O 28 2 5 A AR R 6 XU
SO o SRR IR R U i B A AR B A AR R S RN (RITE & U ED B PR H s, FHEBEHLHE 2 75 36 AP
10°N~40°N. 100°E~130°E [XIg N 25 A 41y 300 x 300 @ XM EIME . 1B, s e E 1R,

()l FEA (D) IEFEA (e)faFEA

Figure 1. Comparison diagram of anchor (a), positive (b) and negative (c) samples
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2.2.3. BIESESTAE

AALFH I FY-4A TERBAZAC L1 24 BB AR (22 17 73 95 4 km) B[R]V 2018 4F 3 A & 2024
3 H, FY-4B TE [FZEEHRI RGN 2022 45 6 H &4 . NMEEIRLE, A SCERNZE S RIFER
PREE N 2019 4F 3 H & 2022 4 6 A 1 FY-4A 204 F1 2022 45 6 A % 2024 4 12 A1 FY-4B #¥E, A
SERPEHIE AN 2018 4F 3 HZE 2018 4F 12 A FY-4A 3 .

S BRI S B, MRS TSR IR TP 3E3R1S 1 10,239 5K SCI BIE, Hrh e A 3693
ik, IEFEAS 3693 K, fREA 2853 5k, ASCE SCI BMG 1% 7:3 HIELHI 0 2 BN ZREE RN BGAESE, HIl
SRR AN UE AL = SRR A I LU AR B — B0 WA SR IR E A rh e SR L 755 5K SCI IEFEA EUEAE A
WA, H T UGB Az RS
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Figure 2. Overall architecture of the tropical cyclone center localization model
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HARHLE 1 AN IEXTFD N AN GO, 88 2 RKHLRFEAR S 5UI1ZR[20] [23]. W05 50 A (0 2 1 A
HREFEAZER KR, 5 S B PR R EE[23]. = o8R8 IEFEAR S A AREA N 4 e = e, 7EXT L
P A B — 20 TN B B AR R B A R R . M EL SRR AKS, IR AT IEFE AR 7R
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BT IR G A N 25 34T Ay SR RIS HL

IR G 28 H L B B, B = MR A5 — A~ Z (Convolutional Layer). —4>
ReLU Wi E Al — AN KB 4L E (Max Pooling Layer), JaB/MERSEE —NEREM—MNEIEE . FE
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Figure 3. Detailed architecture of the deep convolutional neural network (DCNN) model
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Figure 4. Schematic diagram of the tropical cyclone center localization model structure
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Figure 5. Comparison of changes in the total loss function under different model parameter configurations: (a) Training set;

(b) Validation set
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BRI RE IR RUNGRIE R, A SO T A FERA S 5000 B T2 RSk R 4. BRI R AdamW
AL, A% BB R0 4LE B VR AE HE B (DCNN) A [E] 9 /X 28 (MLP) 2 IVE S i S 508, (HRH
MEIIRIGEE R, =R EEN 0.0001. YIZREHILE K/ Batch Size)BE N 30, f—HtE R A
IEFEARFIRFEAR S N 10, IR RIL 50 5. SR WE 5 .

MEALBR A IIZREE IR (Epoch), HALFR A SR REME. MEl 6 iTEH, EARSHICE T, A6
P, R THEAEKTANY, HY o =1 o, =18, SRLEYIZGERNARE 75 R B G 5D,
R T HAE SR E PGSR, OGS RIEN S E P it ES .

3.3. {EEMM R

ASCAR BRSNS 50 B B B 2 ST I SR R AE S U R B e BN, AN D i N3 T I B A )
(S A0 TR AR (R IR A AR, R ORI 8 (6 K P Bl A A S R AR S i D i AR a3 . S5 IR
22 SNSRI IEREA LR RN 1 074 0.51 0.3, FETHH[EEIE G 0 BT 5 T B xR 2, 4558
£ 1R,

Table 1. Variation of model localization error with positive sample ratio

F 1. BEEMREMRIEFAREGENL

IEREAR LA 1 0.7 0.5 0.3
AR 0.206 0.211 0.254 0.270
PRHIREERES 0.228 0.233 0.272 0.299
PRI R 0.184 0.188 0.236 0.240

B A FR SRR AHCR /D, B 0 E AR Z2 BTG K, 45 5 B 2 SR IERE A L0 1 1
HE TR P 5 ARG E fo i, TR B 2 A AR RS AN B B e T R it S S 0 AT, 75 AR 22 5] T B R PO RFALE
BRAROGS U R (i 0L 15 DR, o B SRR TR S N7 K6 P52 B AT B B8 P A e i T BRI, {ER 24 IEREA By
0.3 W, EALREJIET 0.3°, IXFRWIR b E IE 7 2 Rt 2 5] BRGSO AU BRFAE AR A Sdfe 7
Hibg s TR ORI BRI RS L, MR PR AR 1 BRI E A . AR SRR IR 45 R R 2 T A B I
FEAUIZRAORERY T 545 )

ASCHE TR HE 2 T A 6 KGR SE R T A0 R H [\, 45 R 2 frs.

Table 2. Localization error and recall rate across different typhoon intensity levels

2. TRIBNBEEFRNEMREME EER

EANHEE A0 Hhr PRI TR =L HE N A K
PEL TR 0.281 0.227 0.213 0.165 0.163
SPRIGRER TS 0.272 0.272 0.237 0.165 0.180
PRI RS 0.290 0.182 0.188 0.164 0.145

BIEI2/% 80.5 84.2 85.7 91.7 93.5
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Figure 6. Comparison diagram of typhoon center localization results under different intensity levels: (a) Tropical storm; (b) Severe
tropical storm; (c¢) Typhoon; (d) Severe typhoon; (¢) Super typhoon
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Table 3. Localization errors of different typhoon localization algorithms
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Figure 7. Center localization performance diagram for typhoon “Mawar”
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Figure 8. Confusion matrix of tropical cyclone classification results
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Figure 9. False negative samples in tropical cyclone classification: (a) (e) Extratropical cyclones; (b)~(d) General cloud sys-
tems
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