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Maritime traffic route extraction based on ship behavior pattern

LIU Zhao'*?, MIN Zhenglin'®, GAO Hairuo'”, CHEN Yang'”,
LUO Chenhan'®, ZHANG Min*
(1. School of Navigation, Wuhan University of Technology, Wuhan 430063, China;

2. Sanya Science and Education Innovation Park of Wuhan University of Technology,
Sanya 572000, China; 3. State Key Laboratory of Maritime Technology and Safety,
Wuhan University of Technology, Wuhan 430063, China; 4. Guangzhou Maritime

University, Guangzhou 510725, China)

Abstract: Reasonable maritime route planning contributes to enhancing both the safety and economic efficiency of ship
navigation. To address the challenges associated with route planning in complex waters, this paper proposes a method for
extracting maritime traffic routes based on ship behavior patterns. Using Automatic Identification System ( AIS) data,
characteristic points of ship behavior patterns are identified through threshold judgment and a sliding window approach. A
clustering algorithm is then applied to determine centroid points within each cluster, which represent the distribution of
point sets. Finally, connection rules are established to sequentially link these centroids, thereby generating maritime traffic
routes. Experimental analysis was conducted using AIS data from the Beibu Gulf waters. The results indicate that the routes
extracted by this method align closely with the recommended routes published in the Navigation Guide for Ships in the
Guangxi Area of the Beibu Gulf.

Key words: route extraction; ship behavior pattern; waypoint; clustering algorithm

PRI AE B AR IR —E RO I AR LRI s 2 X ORI AR AT % 2 A R . BEA A

%5 B 8 :2024 0709

E&WA:ERAARPEAELH (52171351)

BEMEE N A1(1986—) , 5, RIBEZ, T4, DF5E 05 10 A HEAR R 42 08 S 00 B AE XS T35 B /AT .
E-mail : zhaoliu@ whut. edu. c¢n

SRR X4, RS, i, 55 BT AT R L ASE AT IR O [T ] . L, 2025,48 (3) 157 - 64.
LIU Z ,MIN Z L.,GAO H R, et al. Maritime traffic route extraction based on ship behavior pattern[ J]. Navigation of China,2025,48(3) ;
57 —64. (in Chinese)



58 B M R

55 48 55 3 )

B 3R £ 4t ( Automatic Identification System, AIS)
A N, SRR R A AR B R , R AN
ALAT IUHE , SRIBCSm AT L Rt 1 R Al

T b AT AL E S IOTT T, 16 N AN & Ko
e TARZ BT 5B AL 0 VETTOR 45 i of
SIS AL S ARSI B, T ST A, AR
Ji A 4% A a8 DA A S AR 5 T 5
— LTS ) SR 2 0 A Y e T T AR AR O 1%,
TE LG X AT BT i LU A RS AR R B 5 vk 52
BT LR A H2 0 XIAO 5617 42 Hy 3 T 0 4% £
DBSCAN ( Density-Based Spatial Clustering of Applica-
tions with Noise ) 539 32 BUPTIE A, I FHI A % 5
VIR X AR 032 B AT Ry AT A R AR PN AT
Pt — Rl e A R 2 BE T IR M B/ NN SR
AT SRR AOAR L ; YAN 265044 & ATS Bt Fn it
b AICHE IR (LA bt RS R K BRI ) L 51 AL 5
XIS A5 B SR R A T SRS AR I
B, SR, R AR T R AT AR IO A AR TR
RESHE LI E J7 5388 AR AE R, HAR Y
ZR00 T B 1) B — SR LATE U % AN K 1
BB 58 AS R A B R

BT _E AR W MRS, AR SCHR ) — iR T AR T
R b A ATER SR IO ¥ o 10T G e
SRR B I, e, RS ATS Bl U AR
Fr B LS B 70268 R 05 L 18 SR 2R L 00
B B A U 0 A, SR 2R DR S 901 52 8 3
JEAE 5] B R IEBOR AR R B, 32 5T
O TR RN 500 1, DT AR AT 58 7K 388 P A A
SURVNGE , S b A AT S I

1 AIS 98 4L 22

AIS il , o T A% [ A A 150 4% 1) 0 2 R R
R AFAE—E H R A B 38 A0 1] 7 o 45 40
IO S B 2 L ATS S B IR 1 K A8 3 5
SN T IR o A SR S Y ATS B 4R
e B TR 5 A S, AR SO X W Bl A T
AL, ALS K4 ik PR AR DL 1, BB BRANE -

1) D\ ATS % 12 v i 1B 415 72 X 48 B I ] B Py
VIR 00 5 285 A e S B A ) A B S 4

2) HRAJE ALS ZCHk v i) B A AR 288 B 57 B s
TEMETY

3) MRAE AR K B Bl 55 bR RS (Maritime
Mobile Service Identity, MMSI ) X % 7 %k 4% 3 47 FE
J ML AR5 550149 R AR A0 0 403
FEAEAS 9030 v AT T i i B[] 26 2 A5 DR 3 Ik 1) ) B

B, AR T % B 4R LR 23 T30, 52 k!
PR AR I 4y Br o o i B ] 25 1 13 AT
3 3 X HE P I 5 S BT A AH B0 s B [ 22 R4 T
geitortrta .

4) EEXTHET S ) ALS TR A B 1R A, A
AT BRI | T RS R RN I O S S
3 A5 T R R A o e, R Y A AT
T 35 TR HH R £ TR L S ) R AR o3 A R AR A o

5) &bkt PRI 2 2 5 SO0 4 e e 18] B o
T3 MBI FEORG BE 0 [R) R, AR S5 | 3 IRFE AR
W L A B AT

6) FEETAL B 5 B A A . e BhdE T
AEPRSS , B AR ) ALS HICHE 4 Ak 35 R 25 AR AS TRl
E@iﬁhﬂjﬁéj%% lyan = % Uyaslynsttyily, Fo %%?ﬂﬂjﬁgf
1y, I AR B, BAR IR R 1y, = 11y 10,0,

e bt NN = e x,y0,0 0
P A0 v f A B A, LA IR ] AR 7 B A
AL

..........

|

L UL FE 5 34 |
MMSL. BHEL 2R, SBRF. Mt SH1E. AUE{ |

|

|

------------------

|
Dl iR s A
: FHUL LU 122

B 1 AIS s iab # A AR

Fig.1 AIS data preprocessing process

2 AEARAT AR SR
th 8 S AR — 7 I ML, et 2



XA A TR T B i bSOy 59

SONSARTT AL TR AT IE ) AT , I ELAE A7 T %
KO T A — PR L AT FE AR — B T P,
X R A ALS KRR T A2 48, U A Y it
150, BETAS S MAAAT A B DX Ak X A A0 A e
AR AR AT o — e DA A5 B L 1) A
MRS 3 A ARSRIAT AT R ) IRV AE,
5% B IR 1) 3 3] 08 I AIE S 7K S8R A H A 38035 DX AR A
Bl AT AR AR R LA 2

FRAbEE )5 Y
7B G S

|
m [ oo B
W[
* Y \/
[ men | [ wma ][ mms |
I I
DBSCAN DBSCAN
[wsrin, || |[amems, |
ET T T SRR
fﬁﬁpmin l‘iﬁpmin
] Y
PRI A1/t
i

Y
BATAEAGER
EUE7RUS€TE S

K2 fiatr s U s
Fig.2  Ship behavior pattern recognition process

2.1 HERBIEXEIRZ

157 B A D AT AR B 114 S TR, A K B
DI SR AR RFAIE , 8 3 0 B A 4t B R AT SRR T4
PR FEKIR A5 B X T340, B K A 5 Y
PO 1 i 1 3 0 AN A AE T 45 B DX, 3 o0 A
FEWFIE K I 21 FAL R ERAE A 1/ D, 3R A
HEARTERTSE XA AT Fe
2.1.1 438 KR

— B, AR5 B DX DR B Sk A M, T IX
S A AR AT DA R AR A A T AR A0 R A R A
TR RS B B, B2 bR R
M, AP AR 3 2 R — B b 7 A R A 7 L A
(RSN R A B /IME M e sl PRI, LI
21 B — U TR, IR AR 20/ 2 4~
TRt B 2y gy TR AE LAT 2544

Urp < Uy
’
Iy = tTP,(/n) - tTP,j s Uy <1)
ST, (tp jutp, (j+1)) < dST,T

(D) Hr o g AIS IE BB L ¢ AP K

tp A0 T P S JRE 5t DA TR LIE A 1 A0 PO ST 1) 5
st g o 2 AR EL 1 A, RIS 50,
ty by I dp o 5350 S22 B AL IS I (L R L I ]
(T PR R 38 i AR AR DG B 9 R 56
B N vy =1 kn,t, =300 s,ip =1 800 s,dg 4 =
1 km,

BRI R v A AR (L) DB A 1,
DS R IR IS AT B SR pa = U psas s
PsasttaPs b o TR IR LRI Py B A7 B0 i, A=
JRAE B KR s o

AT b RS R AR DT A BT ST X A AT RE
945 B A5, PR A A 45 BR AT M B SR SRR AE " 51 A
REAE UM B8 DX

DBSCAN H3% 2 — Pl B A7 W 75 ) B 1 88 1) 2R
B IR I A 7 A M A A Kl s 18] TN R
A7 RN i 4 A XSO AT RS o A DBSCAN
LD ABIREAR B FNARIERE AR N A /D i L P,
BEE R B RIS AE R . B8 2 2 ( Silhouette
Coefficient, SC) J& HIA M i S AE RAF IR T8 A5, B
IR [ - 1, 1], o bk, ISR adr
P, B 2 0, IR0 o 50 B R BT AN IR 2R A
R, IEBUCE 8 25

AL N DBSCAN B36 %) T A 1945 B8 s A7
R, FN 25 R RN Z I A BT K I N 15
B DX A TR O o AR T B T R S5 5 7
IRIEARATHE LA A5 2, ATS K08l 38 3l 9 457 B X
RN J5 1w AN W58 B AR O B2 15 B Y
TUAY, ELREG B 7 05 B SR AN S 5 B B 4 1%
[F)

2.1.2 ANv/dofsFE R

P ARE H T — 2 R LI T, AT A B A
AN, BRI AT 75 [R] — R KA 8% 1 A AR 7
Wi =B R 3 VA = O S = i O VA= o O e I
ARSCHRAEATA TR 0 AR PR A 1/t 1 037 R
BT

1) FRIRA ARSI 5 058K Sty B 528 5, 77
(EWIBUE TSRS Pg,an = {pB,l sPB2s"" " 5PB.a Fo

2) iz F DBSCAN S X1zl A AR T IR 2k,
RIS MR . AT X 2 eI, A0/
P AL B A el T K s A R A S O K A
o BRI, A SCH AR A5 A -5 X I 30 A5 5 1] 9
2 /I\%/I?;[Pl (P(:LU,i) , P, (PCLU,,',) 1, IR 2 v
P R ) B R, BRI/ VA8 Lo AR A
OTEI P AT B30 5 R, 7 BT 5K R A
F/H P E AR



60 B M R

55 48 55 3 )

lc,an = %lC,l ,lc,z,"'vlc,n} (2)

2.2 friksiRsl

FUL B A AT AR RS SRS A A AR W] S 2 Ak
MR Bl o AT PRI A O B AR 8 (R
w LR AU R o AR R i 5 P AU F) e 25
FHIE , A SCH I S 1 SA R S AN B 56 25 BL, 1
M B U] B RAT AR NE B e 25 o, B A T 3%
A RN DR sl A58 A A % 1 o AEAR CEATA T o
DRAF—E ML), FESRAE I A 200 S AL sh itk A2
AUATIRAS o AT S8 /K S T R A I8, ST AE S
PR DR Al ) S 1 7K S, 3l 1) R AU 3% Y 5
M 2570, PR IORE HE SRR A L6 A

1) BERTAMANA IR BB L ¢, = {1,
Loyt oy, by N — I RS , KU LA B SE B 7
R/ INEEA T 3l 030 D i e 0 DA R
R B AT RO DL 3 R4 B X R S T
¥ HR A 457 B T BRI AR AR S8 B30 i 14 P s i) 22
(HHEATGETH 3T, R 25 S S K 1 P 3l , AR ST A
10 B AR R B BT TR RN, BT 9 AT B, i
I EHR A 2

tP,ktP,k—S : tP,k+4tP,k (3)

cos 0. =
P et [ 1 e |

| cos 0_]-‘$19T (4)
H(3) ~K(4) ety bp s WA L, B 1y 5 WY TH]
ﬁ:;tl’,k+4t}),kj‘:’4"]_\:( tp,k+4§,‘\]—i Lp E‘Jmi;'&r ﬁ‘jg‘éﬁé‘%
5% (L, MR A0 A B AH S SCHR (S ] A SCik [ 121,06 9y
Bk 0.99, AR B AT 11 P9 A AR (4) , A
N HA R — 5 BL

Tammzan, ||
W% B ||
W, i
|
|

P B AERA

| toiair .0 FEAEE ORAS,

I st YRR AR B
| v RES

|

|

|
|
@mﬁ%&%ﬁ&:
|
|

o

— PRI A LA
R BN,
G B S, ||
Qo ABMRABR ||
|
|

HIRLRE

-

B3 ik s i)

Fig.3 Waypoint identification

2) PR Berp i A R IER RS 5, 1 E
HOMZBR I Ao RIRESI AN S 1 AR,
FHRE BT RN/ 3 AN A A A A L

Lo paboioser *

tP,k—3+rtP,k—4+r (5 )

cos O =
TURN,n ‘tp,k_4+rtl>,k—5+f ‘ ‘tP,k—3+rtP,k—4+r ‘

A (5) H:cos GTL'RN,nj,‘j%Z%& LYURN m HES n IR
MBI A B AR DR A s r A AE | ~ 8 BB
AR & AN , % 725 W B2 R P KL, PR % 8 A
[) 3 A1 41 5% AB 1) B /ME, B min ( cos Orurn, n ), H
Xof IO AL B 14 P T I3 ) DA i 45 B i LA
REVERYBIE 5, RIS A 2 I8 E R A 2P BR5E K
IFFE KRN BT A7 91038 a5 A U, A R4S B 0]
T % s 4R Lepr,an = | Lepr,is bepr2 s * " s LepR n fo LG
SNIT RN 3 Frzs o s R AR LR DR B ARSI
FAE A TRIE, I BR 1 R TOAR B A B T AL 42
R
JEES PTESS

I3 BT AAA T A AT 48 s WIS K A AR T
HARFE , 1T 55 DXABAH S 7 T R U RN L
W, HRAE R ARA T A O AR A B A 5 032, AT X
PR TR TR LB, LA Ay o — P AT T
R F S MZAR IO . O A RO
Qb 3R AN H 50 K S A O S TR AT, T S B T
JE Y SR 0 S 2 B N Je A S Y 22 i) L
i FAZIE TSRO WLIE 4.

(e
| [ |

X )\l?j/g':ﬂ | s

| k-means

EeES 4]
v HEk
FL S AL
Bl £
v
AN

K4 i b gL SR O AR

Fig.4 Maritime traffic route extraction process

3.1 MRARENIESY 36

AL/ P AR A A LEAIE TS 7K J8kids AL
FUAT A, TR AR A A S0 5 B 5 2 i A R 1Y
PR s 11, s RS — 3 11 i 3 R O A2 B




XA A TR T B i bSOy 61

HAFFE K, PR AR SRR T AR A F1/ T
X ARG AT 5328 R sk 1o/ R AE 5 7K S A []
i Py SR aS i A e R 0 e~y R B Y IR 1
SE S SEIRI , Jal /U %5 8 AH ST 1) A A9 5 T8 X 2 B
BIEWT . J38h, I o 285 1Y A% B i B
N I ZR SR IR, , m A R o 20 SR 28 53 A 119 s 06
BRI O TR 2R S S R — T 2 W% 52 A LI )
Y ERSNiDImEie

FERL B SAE fepn . PO AL B, 45 5 AR 4 AN A T
TR B A/ DAL ARG 2R 1 T
o33 REET IR B LB UNTF B 0 DA/
HAE &, W32 A i n A AR A% N

Lors,an = { Lers,isbers,2s s beis,n % (6)

3.2 fZkiREX

LA/ EUAL B R bR X A 3 26 5, B
IO v % ST e AR A B8 S I R Y 0 A R B
AR IR ) SR A K s T Y A i v PRI,
AR AT b SE0B 5 28 B v4 £ s ) 1) 2R AR AL, D
AR RO B2 R ik U] SRS o
O AR B A 1) B0 5, A BT S SR 1 A
o Horr, k-means RESH K BT 45 DB-
SCAN H RSN LB A

k-means SR K LG R b RE PO FH PR
X G, FE S R Ry IR P S A, 45 v il
S BC RS G 2% U P & B . AR A R
5 AR I 5 1 - X AU 1o ) ) BT, 32 2 1 B
SUTEARAN LAY 0 3% 42 05 ), B 45 0 UK
PR LA B 2, AR BT S K UM 1 i ASE
Mgk BubmiEHRE WA S,

EETTH e L
— WEEL

KIS L s R

Fig.5 Schematic diagram of centroid connection
4 KB XA

4.1 KWHIE
I R e LB K, AL A 1 628
km I 7 2, H¥ 58 R PU R I 1) 4K R I L AR 48 8-

PR, TR ] VY P DX (S ) TR . AR SCFSE X
SR AL SR A T RN b SR A e, 2
Fil ok 107°57". 600 ~ 109°12". 600, £ Ji 15 Fil Sk 20°
57'. 600N ~21°50",400 N, 7 2% H flik 1.26 J7 km®,
WFSEEAE 2019 4F 2 H A 778 b 34 i S A
Hd , LA 100 J5 4% ALS ¥, AR ARSE B G it Dl
Bl 6, WMy T A HA A, HIL AIS %l i
B2, B, SR MR A B 42, Jh A 385 214
ZRUTMT ALS i, 2019 4 2 H 3 A6 HE 18 A Pk
RO ULIE T

B
39.64%
R N
R ) 039%
e
24.62% L AT A
25.34%

6 ARG
Fig.6  Ship type statistics

1086 1088 1090 109.2
ZRE/(°)
K7 2019 452 A frAbER I 5 Ml s A

Fig.7 Distribution of cargo ship track points in
Beibu Gulf in February 2019

TR IR R AL S A DL, ] R AT A
Ye oA LA, HLAT B T 803 Ak B A E 1
5 o1 DRI, AR S IR 4B 8 A R ) 2 A
MG B WLIEL 8 R 9. [ 8 H e RER T
B R] [R] 227 (0,900) s [X[A], ZEHL 900 s 1y i
[F ) o B ELHEA T B0 3 B R 9 v R O A,
/N1 kn 302 i TR B A AR e B
A, K SEAE R A B TR B X e 1A 9 AT
B B A AR A B KO L 2490 18 ke



62 FoOoE M W

55 48 55 3 )

400 000

300 000
X
£ 200 000
B

100 000

0 900 1800 2700 3600 4500
It [R] ] /s

K8 Bl mi i i) 22 4

Fig.8 Trajectory point time interval statistics

200 000
180 000
160 000
140 000
X 120000
£ 100000
80000
60 000
40000
20000

0 2 4 6 8 10 12 14 16 18 20
Wi /kn

K9 Mg
Fig.9 Ship speed statistics

4.2 RBEREHH

A SCHR AL BRI ALS R 2 U ALk .

1) AR FICHE 1 0 A1 K 2 A A0 B[] [ ol
HREE B, DAEA T 50 i T AL B o %o A A N
SRV DT INER S, BiE 5y 308 416 4%,

2) TEFALIR S ARl BG4 b 5] AMRARATS
BN, AL R A 25 0 Fa . B T AT T
SR BA XIRRFAE , R P UE R S A v 1, AR SORE
MEAAAT S B R ) B AR 9 A8 & 2019 4 1—6
Ao AR SR R 3 2 S T
Hoift By i F 0. 01 ~0. 05, P, fi F 100 ~ 1 000,
DBSCA RESHAGRILGR 1, BaR 1AM Y E H
P01k 0.03 F1500 B, RRHOREAF . 55 X
ARG ILIE 10,

3) ARSCKA T/ AL EAE R R Fe bR AT 2 A
T I AN LT 1T 43 28, Hirp, DBSCAN K2
BRI AR G 50 B R B E , Eps F1 P, 23518 0.2 FlI
300, MEAAFIE 4325 WL 1L, B WA 58 7K 3510 i
AREE LR 43R 4 25, Ji4b, & Bl i A K 38
FELAAMM DX 358 TC A8 38 3 14 38 S, Ut B A SCHR s A
W43 5 1 T A B A3 B INA T oA 25 S R
MBI, A7 B T2 5 5 S AR AT S S I At 2 o

4) BRI G A5 B R L s 1A k-means
A U 8 1 0 1 o AR R 40 B AR B 2 AN
[F) 28 ) I3 e SR 2l 4 FH Ay KA, o, 58 = 280
B A ) KA 98 2 0 7 DL 3R 2 o | 3R2 W) A 2 X T ix

&1 DBSCARESHHEE
Tab.1 DBSCAN clustering parameter search

Eps P.. SC
0.01 100 0.792
0.02 100 0.795
0.02 300 0.835
0.03 300 0.864
0.03 500 0.929
0.03 700 0.916
0.04 500 0.862
0.05 500 0. 855

21.8 T
21.7F% £
216F

~ 215§ j"

@21.4 a

€131

212

21.1F . " e,
210 1 1 1 1 8, Ladl

108.0 108.2 108.4 108.6 108.8 109.0 109.2
ZRE/(°)

K10 {5 B X IR

Fig. 10  Stop area identification

21.8 oo
21.7E%
21.6F

~ 2158

@21,4;’;

®o13f s
212
211f

it 1 SN -
8.6 108.8 109.0 109.2
Z//(°)

(SRR i7 UV S

Fig. 11 Ship trajectory classification

21.0 (B Loty
108.0 1082 108.4

2 k-means BRSHIER

Tab.2 k-means clustering parameter search

K1g SC
5 0.701
8 0.699

10 0.711

11 0.753

12 0.787

13 0.745

15 0.742




XA A TR T B i bSOy 63

IR, 2 KA 12 0, REBOR B . LIR
1, B2 A JEHIL AR I RIS L

FL S 5 B LA 12 181 12 KRB 1 50
A E A S ] o A5 B DX I P 7 8 A 17
DU, 1] DR 73 Jo L 13 32 73 A1 A AR SO RO 114 457 B
DI o S ATA WA SEBRATAT AT e it B fiT
i) T 11 i DX IS0 28 AT R AR, AT 7 A R
PR RRE LR R AR — PR IE

T ARSI UG L 5 A U
21.8 pormm ;

19

27F
216

210 1 i 1 1 - N b 1
108.0 1082 108.4 108.6 108.8 109.0 109.2
Z1/(°)

Bl12 s 1 X
Fig. 12 Centroids and stop area

5) FIAARSCEE H AL RN, R 2% 500 A
AP AR AR O T K S i b SSE ALk . A
A GETH T R I AE R AL 23 A0 15 8, SR I
RT3 2 1) B R [ M 3 X T
A ARG 12 X 8] B9 AL 1] 0 A 3 B 5 5 T o 3
5, LR SSE A o R I AL R T2 U A, Sk
PR 16 ZAfiLk.

R S EAS ST B Y 4 b Sm A R R 1 1
AR B S A, R A2 B B R -5 (AL R T
IR AR ST 46 R ) P 00 FE A A BT Pk AL 3% 4
F9) ) HEAT X EL DL IET 13, 4% T 2 By X be 45 2R DL
3.

-

21.0 f & L h .
108.0 1082 108.4 108.6 108.8 109.0 109.2

ZRE/()

P13 ASCRRIRILER 5 (AL BE A 1 ) O A X L
Fig. 13 Compare the traffic routes extracted by the

proposed method with the Route Guide

F ] 13 AT A SO ik SR O A e S 5 (O
S T ) TR B AL B T R AR 8 s i) A — B

B, A8 [ REASAH ) (H SR IBOWT 4R O B0RE = THEAE AR
IR T HLARRE AR T AU N
I3 3 W] 1 AR SO 1k 4 A AL e 0 AP 3 4 2%
AR 1Y RO 1 22 TR LG, i WA SO 3k vl
SRR AT AR T LS, SR R S 2 A AR
oG e I HA RN IR EASE AL 5
B DXRTIFATL B 0 S5 A PO 5 308 e DX 2 [ ) 4R R
HREAT A BT PR o
®3 BLTEMERNERIL
Tab.3 Comparison of maritime traffic routes

extraction results

SH ARSI W
LR (L) Mg 2% 16 8
BUBER (L) 9 s des/ A 72 24
RN (L) TR/ 4.5 3.0
5 4ERiE

ARSCHR Y — R T AR T AR A _E S A
AWk, IS8 o7 28 SO 14 B 3 5
853 Sk D 25 Ll PAY S S A Y S S R A AT
BRI T A b ASE AT SR O v, DU
AUA PRI ER I o IR A SRR %07 Ik IR
SRS SEPRIGOUARAT , T v 2 A AU 8 LA 42
e AR B SR o AHATXEEAA T i i A
FOUCE AT AARZS B MEAR , EE ANy, A SO AR T
R R T 1 mT e 2o 7 A R D R A a2 1T 1)
PRV . DR, IR Yt o7 A Dy — 4> 22
M ARG | A BIAR ST IR U i EAh, R
K 14 A A0 K T i R L I E A AR
T S AT A A5 T AT TS, AP KI5 A
JO7 G o

Z £ x #

[ 1] VETTOR R, SOARES C G. Detection and analysis of
the main routes of voluntary observing ships in the North
Atlantic [ J ]. Journal of Navigation, 2015, 68 (2):
397-410.

(2] FEhmik, Xk R, & BT BRI i

FEMASRBO L [T]. 2B TRk, 2016,16
(6):91-98.
WANG J S, LIU Y X, YANG K, et al. Extraction
method of main routes in South China Sea based on
spatial cluster analysis [ J |]. Journal of Traffic and
Transportation Engineering, 2016, 16(6) ; 91-98.

[3] XIAO Z, PONNAMBALAM L, FU X, et al. Maritime

traffic  probabilistic forecasting based on vessels’



64

S E B

55 48 55 3 )

IEEE
Transactions on Intelligent Transportation Systems, New
York :IEEE ,2017 . 1-13.

waterway patterns and motion behaviors [ J ].

analysis and anomaly detection of berthing ships at
WAIGAOQIAO harbour district of Shanghai[ J]. Journal
of Geo-Information Science, 2018 ,20(5) :640-646.

(4] FMVEBAT. RSB B 12 98 5 v A Iy k5 [ D ] (9] FEBE. BT ATS 0l i M0t i 2= Bg 4248 5 vl
SH AR IIE R, 2019. MALLD]. =R : = FEIHIE K ,2020.

SUN M Z. Research on data mining and visualization of WANG T P. Spatiotemporal data mining and
ship trajectory [ D ]. Yunnan: Yunnan Normal visualization of ship trajectories based on AIS data: a
University, 2019. case study of the pearl river estuary [ D ]. Yunnan:

[5] YANZ, XIAO Y, CHENG L, et al. Exploring AIS data Yunnan Normal University, 2020.
for intelligent maritime routes extraction [ J]. Applied [10] T IRF, Wk, =0k, &5, —Fh 3L T 2tk i) DBSCAN [
Ocean Research, 2020, 101: 1-10. AT [ 36 A A7 B i Sk A2 v E [T ] 3L L

(6] XUXJg. Pl ATIS Bl vl FHMECR B b 7E [ D). i FEERR4,2015,37(11) : 2061-2067.

VL U Tk 2% ,2024 ,42-51. DING Z Y, YAO D, WU L, et al. A dock mining
LIU X L. Study on the approach of ensuring AIS data algorithm for massive vessel location data based on
availability in inland waterway [ D ]. Wuhan: Wuhan improved DBSCAN [ J ]. Computer Engineering and
University of Technology,2024 .42-51. Science, 2015,37(11) :2061-2067.

[7] ZEskEE. JeF AIS B4 09 b 28 18 32 B4R AE AfF 5% [11] PETER R J . Silhouettes;: a graphical aid to the
[D]. K& . K& K27 ,2019. interpretation and validation of cluster analysis [ J].
LI Y P. Research on the major characteristics of Journal of Computational & Applied Mathematics, 1987,
maritime traffic based on AIS data[ D]. Dalian; Dalian 20.53-65.

Maritime University, 2019. [12] ZHAO L, HAIRUO G, MINGYANG Z, et al. A data

[ 8] Bk, SHEN & , 45, 4. L IgAN S i X 45 B v 3R mining method to extract traffic network for maritime
KoM S E A LT ]. #ER(E B ,2018,20(5) . transport management [ J ]. Ocean and Coastal
640-646. Management,2023,239.1-16.

ZHENG H L, HU Q Y, YANG C, et al. Clustering

(L¥EE48 T70) memory of important parts in sequential data [ J ].
ZHOU S B, XU W X. Clustering by fast search and find Neurocomputing, 2023, 517: 1-9.
of density peaks and its application in ship Location data [14] XI5, e300, PR&s:, 4. BT LSIM 5% E T
analysis[ J]. Chinese Journal of Scientific Instrument, BT Ao A0 0 78 J000 RS R A ST [T ). v B A i
2018, 39(7) : 152-163. (in Chinese) 2021, 44(4) : 94-100.

(9] hn. WHGIE, B HET Seq2Seq HURMAELIAS S LIUC Y, QIAO W J, CHEN S J, et al. On ship track
KFOM 52 [ ]. BeEEH, 2023, 30(4) .« 74- prediction with LSTM and attention mechanism [ J ].
77. Navigation of China, 2021, 44 (4 ). 94-100. (in
ZHANG Y, PENG P F, LU R. A variable-step-size Chinese)
prediction method of vessel trajectory based on Seq2Seq [15] 1IN Z, YUE W, HUANG J, et al. Ship trajectory
[J]. Electronics Optics & Control, 2023, 30(4) ; 74- prediction based on the TTCN-Attention-GRU model
77. (in Chinese) [J]. Electronics, 2023, 12(12) : 2556.

[10]  JHEETE. IBUSFRBEME S BLOLE A B B (161 ERAR, N8, MAEE . EERUN ARG AL
L. WIERRE, 2022, 47(9) : 67-75. S ST ). W AR Tl A i, 2021, 53
ZHOU H J. \Vessel trajectory prediction method (2): 53-60.
considering environmental stress response mechanism WANG T B, LIU Y, GUO J C, et al. Pedestrian
[J]. Science of Surveying and Mapping, 2022, 47(9) : trajectory  prediction  algorithm based on  graph
67-75. (in Chinese) convolutional network[ J]. Journal of Harbin Institute of

[11] CHEN X, WEI C, ZHOU G, et al. Automatic Technology, 2021, 53(2) : 53-60. (in Chinese)
Identification System ( AIS ) data supported ship [17] ZHAO L, SONG Y J, ZHANG C, et al. T-GCN: A
trajectory prediction and analysis via a deep learning temporal graph  convolutional ~network for traffic
model[ J]. Journal of Marine Science and Engineering, prediction [ J]. Teee Transactions on Intelligent
2022, 10(9) ; 1314. Transportation Systems, 2020, 21(9) . 3848-3858.

[12] GAOD W, ZHU Y S, ZHANG J F, et al. A novel MP- [18] ZHAOJ S, YAN Z W, CHEN X Q, et al. K-GCN-
LSTM method for ship trajectory prediction based on AIS LSTM: a k-hop graph convolutional network and long-
data[ J]. Ocean Engineering, 2021, 228 108956. short-term memory for ship speed prediction[ J]. Physica

[13] NIUZY, ZHONG G Q, YUE G H, et al. Recurrent A: Statistical Mechanics and Its Applications, 2022,

attention unit: a new gated recurrent unit for long-term

606 14.



