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Abstract: The rapid development of spatiotemporal data, the internet of things, high-performance computing,
and artificial intelligence has continuously accelerated the digital and intelligent transformation of maritime
transportation. Maritime spatiotemporal data, including vessel trajectories, nautical charts, meteorological and
hydrological observations, and shipping business—related data, have become an important information foundation
for describing the operational status of waterborne traffic and supporting intelligent maritime governance.
Through effective mining and prediction of such data, it becomes possible to improve operational efficiency,
transport capacity, service quality, safety management, and environmental sustainability in maritime trans-
portation systems.Research published over the past decade has shown that maritime spatiotemporal data mining
and prediction has gradually formed a relatively comprehensive methodological framework. Classical statistical
analysis remains important for regression, clustering, classification, and time—series modeling, especially in

tasks such as fuel-consumption estimation, trajectory pattern discovery, vessel classification, and trend analysis.
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Spatiotemporal statistical analysis further strengthens the characterization of spatial dependence and spatial
heterogeneity by introducing spatial autocorrelation analysis, spatial pattern analysis, and spatial regression
models, thereby providing effective tools for traffic-flow monitoring, hotspot identification, and regional risk
assessment. With the rapid development of data—driven methods, machine learning and deep learning have been
widely applied to trajectory prediction, traffic-state prediction, behavior recognition, and emission forecasting.
In parallel, graph theory and complex network methods have provided effective support for representing in-
teractions among vessels, ports, and routes, and for analyzing network evolution, vulnerability, and resilience.
Existing studies have also demonstrated broad application potential in vessel behavior modeling, waterborne
traffic risk assessment, vessel path optimization, port scheduling and management, port and shipping enterprise
operation evaluation, shipping network analysis, ship emission monitoring and prediction, vessel target
recognition, and maritime knowledge graph construction and application. Overall, maritime spatiotemporal data
are driving a transition from experience—based judgment toward data—driven analysis and intelligent decision
support.Despite these advances, several challenges remain unresolved, including data heterogeneity, missing
and noisy observations, cross—source fusion difficulty, uncertainty propagation, insufficient model interpretability,
weak cross—scenario generalization, and the lack of unified evaluation benchmarks. Future research should place
greater emphasis on high—-quality multimodal data construction, real-time spatiotemporal computing, knowledge—
enhanced modeling, graph intelligence, large-model-assisted maritime decision support, and integrated
frameworks that combine perception, analysis, prediction, and dynamic control, so as to provide stronger
support for intelligent shipping, smart ports, and modern waterborne traffic governance.

Key words: maritime spatiotemporal data; spatiotemporal data mining; spatiotemporal data prediction;

spatiotemporal analysis; intelligent shipping
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Y BN 2208 3k U R A A B s S 7 Kok
WEFE N i — 25 K e SR b i B BE AR A
FVET RE TR R S , HE sl s 1 R A B g s T
S % HE 1) 2 25 U IR O A0 RN 4 0 R RE A I AR
35 BORMUEEIFEMH

W 1 KAz Al 32 5 DAL A R 8 i 2 5a
24 04 B FH O 1], AR A T A TR AR B
WS MM Ak PR Al iz B
TR A 22 IR L PP AR s AT RCR X e
71 iz b AR 55 66 1 LA K iz Mg bt . 5 — i
1N | i3 @ 11 7 N G S e = o Fu = W S R <9 ey
SEIRFN LS ALFFAE 5 15 5 ) AU Tt o
Bt AR g T, i 5 FLAE A R ul X Sl iz )
26 TP R ASr T AT A U A A 3 e B
FIEYIAADE iz 4l 58 4 T WA UK B R W0 55 45
Fral i iy 40, i S A S Jm s VB 55 BRI AT 4R
PR VR G & R X AR i I RE A G, I,
A WG W ME SRR SRR e 1) il AIS Bl
B s F1lb 55 5000 R 2% 28 7 ik 1 h A 25 A VA
FEEFILEHE O ROR 535S I VEM iz £l SRR
iz B VPG A5 T R I .

TEW AROCR 53504 10 Jrm, B 2
WS Ay vk | RS A G T A AR AT 8 50
fili o B ATS BUOHE s 114 58 BOH8 A0 X8 48 U 5K
Pz s 1 SE A A 5 DN ] Y o =
DTN LN - E TR P A i S
2 2k B (R RRAE , SR T A BRI 4% 400 £ DTl s
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H5e g Sy EEE T AOCHEIE 2, W O fEAR
iz ) 2% v K A AL S R R R 55 T 2
i B L SE e R B R LIU Y38 o ) B 3
PR DX AT BF T, 2 T ATS B A 52 2% 1)
ZRIT VAN T HE TR SE ), LA ELAT RO 3
37 14 SCBE WS 1T . PENG S0 ity |- 2299 2 Je iy
2RO I BEAT T A oA, B T — AR 18 A
PRI 2R 19 6 11 58 4 ) PEAR BB, s 1 78 2 BRI
Do 2% e (1 i A5 X T 1 SE A B OCEEAE T . YU
SEUOTRL T ATS B R A T [ A I 4% B A
SERE o3 AT 1A [ 5 90 2% [i) (1 6 R 0 B K X IXC
B SIS R T U S RN R R i )
A PR R T — R R T ATS B A R
)T A A0 2l 25 B0 R S 00 SRR TH R 1 22 )
5E 4 B2 SR AE T A RO IS I I DL SRR D s
HAEMBEFWREK . YUE L, 2016—2022
AF U U AR RS T BCE AR 16 AR AR R &R LR ]
PCA 5RACEPHAG#E O 38 1 3h 385, 45 1R BT A
BRI X5 O — R e — o B L RR 4R Tt 3R
Gy L b U DACR S 5E A WS IE L T A
Wk B AL A Y S PR AN S 2 R R
ol ZYEiE AR S 2 R ZE S T Al A RETT
M. RRBFEFIEG — 5K R T RS A
Bk S BUR SRS S S AR S R
U 7k, i T i B CRTRE LY AT SI AY W E 4
ROPFAGHEZE , S s 1AL iz 5 AL 5 ORI A
P b BB Y TR S HE

TEAL IS A b M Bk B 3 8 VP AN O T, B 5T
FEMNAN A B BE Ty L W 2% 25 4 1B B B [
K FR VL LA vl T 0935 8 B S AR T
B T B g Sk T3z Al , AH OG5 30 45 & A Bk
s R A ) T35 Eh 4L B IR HAE Bk S
Boerene Jy IR RE T ML JRAE R SWOT
(strengths, weaknesses, opportunities, threats) 43
Br AL (PCA J5 6 VR Al it iz 4l it 35 5 R
JRAFPO IO R ATS BRI )z N WIS
Bt — 2l i o A s Al i i £k S IR 55 U
AR 20 P 5 4 DX A S TR AU 2 19 4% 1 4R I 45
SR 52 2% W0 4% 3 At J7 5 BE 6% B 4 b R A A0 0 A
b T 2R 90 25 K RS e R TS AE Al B In) i
7 T, I T T 7R B R R 5 IR 55 1 Ak O T 4R
Btoe S0 AR5 0E J) R THIR 5 R BRI
i BN YR 3 A A B Al e T 3 s
LA E B E Y MR T RN M O A
o R TR R O 2 S RS ) R A A B

T AIS B4 itz 4l B 1 45 B0 $2 BUSE s 7 47
5RO ks |, SR HT RIS B it 0 26 H AR 0 3 3 A
AL A R A BR P AE AL AN 1E | HE R 1R UK
(Al = P i g5 2 2B AT ) b 25 P 88 (AN £ 36 fe #L )
SRR IZ Al s e ek s by — O TS
iz i 75 oK 5B S BOORE DLV I 4 32 Hr 5 A7
HE o 52 BT S A AN 0 E PR ) — O i, T e
R T3 RN A R e 550 R W IR ABT AT R
55, B PR TR A AR T ORAR SR G s E
BCAS o PRI, 78 A0 R ) 00300 A Ml iz B A ) A
B SN L 85 A SR A B I SR LR Gk R
ARCABE TR PTAk AN (] DR 28 X A 3 A ol OC B 3 7 I 2%
PIvE RS2, 2 A T Al i 1k 52 RE T RN AR
Eapos AN Ui Sy [ S
3.6 ARAAIZ 5 W 2%

T IR i T 265 2 Vi = s 2 RO 92 0 o Bl AT feE
R Sl € B O P i), AR O AE TR ATS Bl
Ws A0 PR IR S5 I8 T R 2 1 122 S 50000 0
1T DX B8O BE AT 6 s A 52 g 1 0 S B i K
Z (Anfye vk (RS B ATS HEWT LB 52 0 1, i
A AT A MU Fr DS R 11 I 2 AR AR 3
238 P 285 AH LG A A A2 ) 2 B A 9 IXBORUBE R
ML RG W 1 s 2 W b 4 BRI 4 ¢
I B2 2 SR e, LA A AR AU AN 2 A AR B 5
W Z B BRI R WZ BOK W R AR %
THEMREFMELERRIKS ., Hitk, BA 05
= L G 3 o ) 24 Ay A | T 4% 45 A i Ak o BT R
0o 2 9 1 VA A5 T R T

TEAR AR I o 0 28 ) 2 5 T, 90 o SUFE T
W 28 45 45 10 b HOACER L 20 S 0 s B AR G b i)
IR R MR B E R o X F 3T £ 4 i i
DO 265, 4 A5 1 B 0 o G B B o e sl ok
17725 (B 2R 28, 4 ] — DX 33 A 2 A AL 45 5 B0 0 Bl
YRG5, B T s A4 R T2 [ %
FERY BT 1, W DBSCAN B9 T WMk i R 2%
PR AFE I S AR S R BT A0 A2 ) 2% X 5]
T Gt ] 5 A8 3 I 45 0 R A B ECY SRR AR
SENMAN S bR Sl 00 A O HERE AT S R B, 1T
AN 5T A MO T 15 T [ 1k 4 I 45 4

TE ) 28 25 1 38 Ak 43 17 5 T, 9 A0 3 i 09 4% 0
AN WA S5 AL T 7E A BR B 2 4 SRy i UK |
IR R R R A & S 2
EHREEH RIS EHMMNWE RS, HX
F 9% 36 A o Y A e AR Ak X 4
¥R 43 BE A3 A LSk R I I i A AR B 4
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T oo A 4 1 S el [ < o e P
RS MRIF Y REE A T, A 9RO 2% 25 ) 38 A 43
A 388 Ry 5 O A Bl OUL I o 2 R JEE i
Gt 20 B T 4 BR AL I 24 SOHICER ) 2 WL AR o BT
Sz AR GEAE A [R] I 8] Be 64 ) 2% 4 F 4R AR
SERRE AL, 5T T 4 SR R R S B D T T
Fo UL X A M (9 kAR A X SE A IX 11 B A5
A A OO R AT 5 ) B G 3 A ik
AR AT DXL 11 PAY ) 46 = 0 4 A 1 22 A, s 1 A
55 RE AR TE e — T 2k 38 T BRI 45 D3R X R
PO 4% 745 i 32 3 P 5 AL S A S e T A
s AR KA AR R KGR B T e
7 S8 8 A1 T A T % i A A rh T
S P 45 25 R AR A - UK Bl [N BR[O
Z o M Ak 3 A 1) DR SR AL ) A B 5 ek 8] i 23
W77 1] g Jg e oo

FERLIZ 45 )k DA D5 1, A9F 5 B A AR T i
AR A i ) 4% T Xk < R AL L F AR GCH BRI
A7 R 5 S M G 5 A5 A0S e ok A R AR fiE
JIMRERETT o X IEFF AT BE I itk H G M AR
w9 b A3 B 2 BEL AN A A2 i ORI
T % W 4 45 4 s i D e 0 B ik . A B
JERARAR o AN A BT Pk i R R T
PERER R &L I R AR APt 2, W K3 o3
e oh 8l N T & NP G AN R
FEAR 3 & 1k 15 1R e JEE o ) — 20 5 AR A iz
ffe ) GRS ARk 2 Sl AR RRAE LA %) 1 3
AEJZ TR AL SR ARl T AN O i
2% HAT v FEAR - R P o OGRS , SR Y R AR
FE22 51 A it e 7 A A 1 23 B, DA T S 250 0 45
INRESHASTEAY o R, G 300 A B0k DA BF 5 32 1T A
B SRR A B 23 BT P 1) X 1) 4 R B S80S
ARLALL 15 100 TR A o AR 7 AU DG B M 111 2R L
Ja AR 25 1 B A RO AR R S
I [i0) 25 AL A7 O B PR T, O B O T R RO
5 AR K ALK R A I i A2 fl . 7R AR
b AR SRS B — AR BT A R B R E T B S
M X RUEE , LA 708 A [R] A1 vt 248 70T 190 28% Jfg 553 11
RIM T —JE TR PR At A Hs
A YT b TR A KBS 5 AR A5 0 25 O R4
A JH T RO e R 38 SR ) SR A S B I
IF 3 I S AR RIS TSR S — 2R R
PR E SN AR AR T B iTE M 2 P sl e, A, &
T A B SR AL R FE AT T R i Ak
%% 0 0 T a2 E AR L 21 i B AR 5 I 4 4

T A ACRAE . BT, AR A2 i I 2 T 5
E DN S 3 MR A0 B 1) Sl 2 AL A0 e
i e 7 0 1 2 TSR A3 AT o R R AT 2 — 2 il
B AIS Bk s DR Wi 1T G K U K
FERE O i B 2 M4 W PRI A A
fitiz PO G shASHLHIZ A | 15 90 22 RUEE 2634k |
DRI I RGA% B AL I S 2 S R 0 2 1 R T, A
FURLR] e 22U FTIZ RGP THR S
3.7 ARARHEAAE T
3.7.1 AEAn Ao 5

A 0 T30 00 A 2 Y S N 2 B 4 A A Sk A
iz FIPR R A B Y JE 0, RO AE T T
TG B B MUATARES  ERPL S8 SRl S BRI HE L
PR S50 . A S AR A ] I [ 7 2 ) N2 - Y
15 YWy el 2 AR o T R i B E B
S HE AR LG L M A HE A B A RS Sl AR AE A
25 DXCICRR AR, HIE A5 3 AR 0 e R
YRV B B AR g LA AT 2 A8 284k . BRIk,
HE e B T LR ALS Bl AN B R S8 i
RS T DR AR S ANHE R -4 i A TRl A
LA S A A2 HE AR A = B s  BER 0, 3A F
5 B ISR HE G AR TR | Ak e DX R B HE
JHCI B 2 ) 45 T R .

FEHER A AR ) T, B AT AR TR A
F5 W 12 HE e # (ship traffic emission assessment
model, STEAM) . 4= BR it AR Hl i i B A5 2 (ship-
ping emission inventory model, SEIM) MariTEAM
RREAY 2 WU s I 5 974 714 (European monitoring
and evaluation programme, EMEP) /KK ¥ ¥ 55 &
(european environment agency , EEA ) %5 5 15 4t ¥
HERCTHE SdE e o 3X SR Y G I I I TR B A
Pt & S HL A K T RE RN HE R A S B
G g HE R EAS [ TR 7 3 ORUBE A
B R M Rzl mge ) b AR H
t, STEAM BEBY X 56 ik 58 7 id FHYE Bl ), 2 AR
Ry H A Bk e DX TS g W HE OTE S0 3 I 7
LY, SEIM 223845 6 M A0 58 RICHE A ok itk HE ik
A5 AH R AN s Mari TEAM 5 38 #8 B}
A i R HE OB B 35 G A U AL DE A B E LA
T 43 B R as [E iF5 1 EMEP/EEA F % ]
T S BE i g i AEAN S T AR ATS K3
1 B AL

T 42 Rk S X el R HE 0T BR G T, ATS
9K 2y B M AR HE A 9 & BT W A R S ) RUBE
FEABRRUEE B 5E 3 B4 o T HE O B2 09 4 2
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3z HE O B 5 5 A B B S A S e DE A il Y
WF 5 42 465 G 1l 4 BR AL I2 B — V5 e W) OE 2 RS
e HE O B, I e M e s JE o A AR O T
iy R AT ik A KRAMEL 47 . GUO
SEH SOFIEV A543 51 KA R A= i J8 3 [ B
B oy v g€ LA R N A A g AR R T A sk RO
WERYERE o FF DX IR 1 RUEE , 3 A A 5 ) o 9
LAV S8R DX HE CRE IR S X AR R
(5% e T R ORI R R T BUR FAE S R
Xof HE TR 5 W AT B SCHE T O AR TS G ) R BOR
14 1l 72 DA SRR 2 DX s A 6 B (R X ) 22
SRR L IR S AL AT R AR o
3.7.2 FEARHEA Y HK

P AR HE D BT S e HE RO 3 L Al | i —
03 W s G W itk A RS B9 AR R R B S
Xof 225 S BT e R AR A RS e Y ok L 5 T DR HE
T HOAS [, 5 A0 HE AT A% sl I8 30 i 5 7 X
JERER AR B E SR 15 Y HE
A5 HET 58 A 5, 30 52 B W3 i B E e i
i RUBR A s DX 2 S e 2 b T 56 TR 2852
W AR AAHE Y ORI 5T 5 R HE RO B R
DX 5 [ 45 4 S Je Wy A i FEAH 255, LASR s i AR
IOV 1 3 R 3 T R DX s TR A R e . PR
AW LR AR T ALY WO R A e A A
RS T W TF 434 o

T i 0 B A BAOSE AU Ty T, M A e A A
(California puff model, CALPUFF) . AERMOD
(AMS/EPA regulatory model ) %545 £ g |32 [ i
T A DR B A TS de T B . A G
WF5E 38 HORE AR HERICIR R AN SZ A s v B R
Fk , T AR RS 5= i R Wk iz o A
K HZS R . BATAE 758 i KA HF5T 5 1l
e A5 A (weather research and forecasting model,
WRE) /M A G4 7 /CALPUFF #0571 SR
F5 8 3 J& 2 451 43 M1 s TOSCANO %5725 45 KU
B 5 IR ) 5 Dy VR SR T R RS P R R Y
PHEORA . TSENG %7 HRR T 1Bl XS £6 X fif
AAHE AP i A % 5 AR T R X T 2 I AE
JHCSRATE T W X B 5 (] HIORR AR A 75 e vk B 43 A
W, AR T 7RG XSRS
FEH s AL OB R PR SRR AR
By P A 3R 22 OISR O B )02 T 1 R X g
FRUBE AR AR TS e 9 B AL

TE AL “F A% %y 5 74 77 1, WREF-Chem (WRF
coupled with chemistry) \CMAQ (community mul-

tiscale air quality modeling system ) 55 15 #1 8 4%
PR AT Y B 1R B R X R A A s AR
A AR R SZ I . A B SE 7E WRF-Chem
HEZR T 45 7 1 A A0 HlE A 30 i e 1 i 30 T 23 <
JU s B (4 AR P AL st A7 BIF 5T Bk T WRE -
CMAQ.CMAQ %5 1k “7 1 fai K5 780 DAl AR A7 08 %
SR T A0l 1 5 i 5 1 A2 8 R I AR R R IR
A A BIL AR I 55 5 TS e W B G A B XU 114
SRS RO MR HE Y B R R
b Ve AR AU 38 W A B 43 5T B R A XL
W DAL, (B A AR T SR 52475 2 B AR b T
X X T RRRET REFHFIEIL N R
R Y BO BTTSA  E—2D TR A
3.7.3 s AaHEA TR &

AR I A 0 2 A R SRR H o A B il
b R SR A IS HE K S T G e R AR A A S (]
I AT T 50k, RSk G s A B
D SR R R URR B 06 PR (8t i A SO A
55— B By U AR L, A0 HE T B AT 5 A
SAVEMZ H RS FHE, A RAUZ A nEcE |
LA FTE s R ARZS A B 25 44 52 0, 52 2]
BRMZE RS SRR BOR 4 RS T 37742 A 55
WRILFAE . BABIR EEZET T NGt E
FPANR  ZIegeit 5 HLas 2 O ik BRI
A 2 Bip [7) 9000 A 7R g O o o A

TEAG GEGE IR J5 T, I ] 5 51 A5 AT 2 A A
HE R S0 f) B A 1S Ty aE T %)
TRCFE 51 v B R B | J] S PER o e e, B AT 4
A A X 77 R AR SR D A R iR A
Mo YAOZE LA T ZE M [ AR FE 372
A Y 25 S ] e ) A 7R 7 v T o B I o Y 3R
B, T 2 AR e e vk S AR
X 2 5 W L S0 U R D) A ) A oA —
SE LS (EXE LA S i 7 v 1 52 R AR e MR AR AR
RZBEINHA R N T sk — PR, B it —
A 5T A ZTT I AR R (0 F500 AR ) A5y vk
RV Sl IR S G R B T PO RS
JE o AR, X SE )7 B AE A BRI ATS B4 e 52 ¢
JE LM HE TR AR AT A R

FERL A2 > T J5 187, SVML RF (4% BR 2% > Bl
SERVEB AT | ANANHE R O 0 5, HeRE S A 2
JUHA T SR TG BE , JEHAE 15 By HEON — R
Pt R A A5 22 Bl 5 Gy T v e B LR A R
. PATERNINA-ARBOLEDA Z&"/ ] L #% 2%
2T HE B T AS TR Ml B BEAR AR — 48 A0 i AR i ik
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77 00, 2 WA B8 3K 5 Jr v e 5 AT RCH B HE OB
2 SAHIN I 32 B RE 78 M0 — S A0 Alkc-HE e )
T BT BEAE B JT AT 45 G AT iR iR i S 7
FC AR S OGRS A - IRk, — LB B SEIA
T A8 TR S A 28 TN 2% A5 R S — 25 4 S HE TS DK
B, LIM AT OHY™ B2 1 T @il G 2 AR AE (19 1R
BRI W AR T 4 e A — S A HE s Tt
AR T SRR R . X R T ETE R A 52 2 Ak
R HLAT B R AR LR R AT e CRAF A %) T
e H Iz AGRE Ty L RTff BE I LS s 1 S PR 7R
i — PRk

FE TR B 2 > RV 23 Wiy (W) 3500 7 18, A 5% 2
YT D\ FRL— I5] [B] 7 4] 48 G B [n] B[] -5 A) R AIE 14
B4 #2455, RNN LSTM F1 CNN 45 )5 ik 7 il 42 JF
L NE B 25 AR R I AR R Ty A S . K
H1 LSTM B Tl A K P58 8 2 T3
W A A T O B A TR B 0 HE R
FErpt . WANG SR F LSTM X i A 4 il
THAE 5 15 G Wy HE A7 B0 | 58 6% 2 4 b 4 42
B IR X HE R s A, —
A M, A X 4R 2 A R AR AL B HE ik i 2 A Ak
FE, YU S5 Bl A ConvLSTM 5 1% 325 S /L)
f) ConvLSTM-CBAMNet #5138 i 5] A i 3 7
B RN ZS 0]V B PL A A i 2 HE
ST 28 46 R A ST B B 7 o 45 SRR I R A A
F Transformer, # 1 GRU . CNN-LSTM 114 4
ConvLSTM A K 4 A5 AU HAT 5A1E ) T 44 B , 136
B T LS s R R 2% 1 45 A A B TR
AR R EKi i G RNV E o I f b N S T =57 S S 2 0
FEIF AR O TE I 23 F G B 2 o T i s R A
I 26 B 25 Bl A T R I 4% B BRLE T e 4
[ 2% (diffusion convolutional recurrent neural net-
work , DCRNN) & 57 BRI ALY | D) [) Aisf £ i Asf [i] A
2 AVREAE o AH G BIFSE R B, IRL 45 1 B Y 68 8 %) 1)
25 ] 79 i 22 R] 8 2 R G 28 R DX JlbR 28 1 i 1] 3
fead A U DCRNN S5 37 1 & 46 AU Y 0] 66 6%
20\ 6 A [6] 32 38 P 2% e A X BR 23 RS ax
By 1 Ry 22 W VB Bl A5 TT BAE AN HE R =S T
DU AL 7 R S A S B L A G I O IR
PRE T Transformer BE 14 K i3 72 7 HL i 78 HE i
DU fg 1S o B, NT 2T R 22 R 3 T G
3% Transformer B89 3 £ 22 ROBE FRAE H A8 5 11 32
J3 B A B S A8 S U b % B s RO G &R L T
F 3 AN S R HE R O BT AT
Ly HE B 2 MAE SR St T ik B TR #

LA = S MR EE 22 S S Z ou ik R . REMER
o 25 B[R] 5 23 R] A Rl A RO, 255 ATS M
AR AR R LI BRI
3.8 ARARBARIRSY

AR E AR D0 2 T S 23 B 12 AR U
RS IO g A e R AR S H AR
W rp Ay BN . 5 Rl A0 AT N SF ik H AR iR
ST S5 AH Vi EARAA B AR IR B B 5 Y3
FEORNE . —J7 10, AR H AR AL 1 i 7 T LT
XAEJF I 5523 =% JGAL T
TR R Z SO B bR RO AR AL AE R 5 55
— 7 T, M AREA RO R K AOIE A W] e A
1107 ) k5 3z 3 0 3% 22 S R AE , U A AR
AL S AR FRAE , I 75 225 5 900 & PRI T
REAFE o A, ATS B4l ol REAEFE Bk HEIR ¢
PR AR PR 36 45 10 R, fift 5 VR H AR R RN 22 05 8040 B
R R i WA T B OCBERT R . Rt IR iR 2
LN FAARE S H AR U RN 22 A 2 B F G PR O ]
T il O T PR — B U5 R IR 3K 5 G DK
JE 5 WS E R 2 0505 B B AME T E 285t T
) Pl B
3.8.1 AT HASHKIEAA B AFRA

FE T RIS BOHE B AR B A R ) 3 AR
B — 2 JR i B PR 2 R U B U AN B AR RRAE L R
AR B IR AL 6 5 53 BF BE 2 1% (high-resolution
range profile, HRRP) . & B fL 72 7 i5 (synthetic
aperture radar, SAR) B 1% | AIS £ LA KOG 5 &
BG5S o AN 6] B TR e R B 3R GA R iE T 7 R
A5 25 5 HRRP HE 8 3 H A BOSH 45 4 Ay
M) 7, SAR 3 T 4 KB 4 KA 1 H An 4RI
ATS Rt $2 (AR 7 & s M iz gk A ME 2Ok
238 GO R T H bR AW FS B R 25 8] 43 A
FRAEFR . A WF 5T 32 22 58 7 36 15 5 FRAE IR
A SAR EHUL I ATS B3 17 R 82 51 F1 G 2% 1%
J& H bR A 45 T ] T

7E HRRP H AR R50 05 1, AH < F 5 3 238 1
T B IAAF 5 R AR I A B IR
L7 BT R, DT B U AN E AR Y 45
FRIEFIE RS B . BT HRRP X H AR 4N AR b
O IR % 78 A B P A5 T B A — E B L
UL AR I H bR R0 B N e, B
A ST £ B Ge DA 2% 2] TR B I 4 AT 5 )
25 FRAE$E B DL R b T R0 & Ty m R g . D
FEA 27 2] 5 T, 3 2500 ok s R ) 2% (4N e
g% Transformer W %% fix A RNN) AL 55 H i W K
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W B2 R T AR 2N B AR b A IR BE Y A
TR BE ) 2% 58 55 I 25 SRR A 12 B 1D, /60 936 38 2 30
i TE B AR 22 45 F XL A LSTM (bidirectional
LSTM,Bi-LSTM) i #i£t HRRP {1 55 K& & , 43 B
2 B 5 7 1% B T o M v R U AR e A R T TR
FE 325 48 HRRP (1) 25 4 5 B F 022 0 Fe bt T
U5 S bR AR R J7 i, 8 5 5] A HRRP {55 1Y
FPON 7 =T TR EES AR B AR Ry IR BT, DL
SR FH PR A DN 5 32 1 T LA S 3 5 v 9 R AL
PR B A AR D) R R O A
T & 1%, AH 37 BR T SEUEB0HE AN 2 RN 5 4% 4% R
PR AR 75 16 85 B0z 46 5 52 2 BR8N i kR fd vk Jr
i it — 0 Kk o

£ SAR & HAR U T 1T, SAR B AT A K
A RAGNEI R 7, HASSZ 0 BN 55 S B
RE A% 70 52 J T WU 558 T AR O AN B AR 15 5L, Rt 2
P AR B A 0 AR Y R U . IR A
LG 22 ROBE R I TR BE 28 S5 A LAk 28 AN F-
77 Ao RN 4% e AR 2 A T T R . 7R 2 R RS
B REAE A T T 30 o 3] o 2o RUBE A ) 2% | 3
(8] -8 38 1 = P 454 YOLO(you only look once)
55U B SR I S AR TR DU AR R T R TR 2
S BRRRF T, LA PENG S 45 455000 1 5%
AR INAS % 22 P 24 38 ot e 7 0 sh D SE I e AR S48
sk 25 M4 2549 5 T SAR HAR R BB fERfHE
TERCR . XIE & LT kol 2 45 1) SAR
PRS0 TH 1) 56 g%, 3 o WL o 3 2 0 LDk o
RN AR AL S B AR HARRRIE , 7R D AR 28
AR T 53 1 R R AE Jy T R B 2, (0 LA A I ik
FEARS A% o AR P 5 /N A ) J7 T
ZHANG %550 5 sh A IACRAE 5 KB 50, A
BOR BN A Z 3 ZHAN #1 CUT™ ] F RetinaNet
5 SE(Squeeze-and-Excitation) block 7E A~ -1 45 4
T T HE R, R SRORIET I R
fk Faster R-CNN(faster region-based CNN) \&54
YOLO 5 337 ] 44 #2 '] [ % (field-programmable
gate array , FPGA) 6 I 7 22 S5 A B AR S 800 [l isf
Yol T 5 DR BE | 5 MR 2 A ) B ik A
T B 0022 S BRI A G A R R A% L B
i 7 kR ABATS TR I ER s AR S 2 U RO R
JE o LA S AR B A 00T Bz ARPEAS R Sk, Kok
o E— 2 R B G N RO B AR e T %

TE ATS B8 9K 3 1 H AR J5 T, B¢ 3 A
FHRRARGL AT 20 45 5 20 A A0 AT A
Ko 5 EMRECTE R EURE A L, ALS Eodls BA B F

= R DI ) PO DS N SR 242
MBI FNAT Sy £ B A FEARAN HAR IR BIE B . A
5T 32 SR TP AR BB AZ IR 5 AT A AR A Dy T
TnE ok e SCEEE R A A RIS L TR SO
SRR AT ST A A B B LA BI-LSTM 45 05
2, FF A A B8 L s A S LU A H AR iR
590 AT RSB RO AL S0 SR o
AR ATS TE 1 VE W AN ARG I S s A T B
e AR I AT A7 BT 8 Bk A5 5 Ph ik 45 IR
O, AR T B A5 P A 5 B A IR B b e
T Bk PR

FE 6 2 38 3% MR B bR R0 O T A 5T 3 R
FH ARG A WL SCHR % B RN %S 8] 43 A AR AR 2E 4T H
PRl 55325 o T AR ok TR IR EMR R A AR B
T TE 5 12 A B P A N R TR RS B O T O T
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Table 4 Advantages and Disadvantages of Ship Target Recognition Methods
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