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Pattern recognition of ship routes in the Nanjing Yangtze River Bridge area
based on AIS big data
XIA Hui-yu', LIU An-lin*, CHENG Jia'
(1. Changjiang Nanjing Waterway Bureau, Nanjing 210011, China; 2. College of Science, Hohai University, Nanjing 211100, China)

Abstract: The navigational condition of the Nanjing Yangtze River Bridge is complicated with high safety
risk. It is of great significance to master the navigation rules of ships for maritime surveillance and waterway design.
Applying a parallel approach developed for calculating the density of ship trajectories in the Nanjing Yangtze River
Bridge waters based on AIS big data, we recognize the distribution of the regular routes of ships of different sizes in
different seasons, and find that most ships follow the navigation rules of the Nanjing Yangtze River Bridge waters in
general. Compared to small ships, large ships are more formal in sailing across the bridge. When passing through the
bridge span, the position of large ships is more centered, the angle between the large ships’ bow direction and the
normal direction of the bridge axis is larger. Meanwhile, the overlap between the lane boundary of the large ships
and the designed waterway is much higher than that of small ships. We also find that the ships prefer to take a
northerly route in the flood season and a southerly route in the dry season. With the decrease of water level, ship
tracks gradually change to the south.

Keywords: automatic identification system (AIS); ship trajectory; the Nanjing Yangtze River Bridge;

waterway; density estimation

B YL e K B3 — g th B A AT BRI B, SE AT RN, B R TIR

HEERRUZ BRI, BA 0 B A ER B BRKBGEATAES H 2k, 4Kis s | HiliE i
B E bKﬁm%ﬁﬂZﬁL%ﬁﬁﬁp@ R TP . KRB ALL | iR/, K
SRR B EEE AT A, Ak, KITH WAL, ZZ AR, AR 2 A 2 B D

IFS HEA: 2020-04-27
TEERN: EHEF(1985—), F, HHRIAEIF, NEHRE T RIELHE,



-+ 190 - K& L A

2021 %

2%, SEPRBERA A, DI s A AR 2 R B
FEVEAGE, ATRAESR AN T B IEPERRIE, DT
brHeRA A, BRI B, S RM K
B WA A DA PR S BB S8

AR, BEE AN A SRS RS (AIS) )iz
N, ALS BH ek B, S B0 SR ) R A
FRE . JET AIS Y REHE 43 T 42 I8 L 7E il T2
K2 HR T A0 AT S A0 R 4 T S AR
SLAEU R — A R TR 00 R R R Y ALS B
SRR T, T RS R S R ROR PEAG AR
AV ALS RECHE T 550 18 A AR 2503 547 100
FTII A e Tt T ek R I Yk S A A A A ) R
2R VT AR B D — o R T I R A M B A B AR
PEEUA:, I ATS Bl o 2 B R R Y
WL TS, ZHANG 257 3 H —Ff AIS K Hds
SRR RTINS U A =S AT O R T R
Vil IS 1o T 1 A G A Yy K I B S K E

ATS REE R A 5 T AR AR S AR A 5
PN FE R HE TR A AR F-Be . ARSCHE ALS
KB RLA E, SR IR AL % B2 2 2l Ak b 215
B, VPEAERE L H B DL BOAS R K B A A S
i, SRS R AK BN [ DRI A 60 0 A O 17
23 () oA B AR AR ARAE . BIF ST 4516 Rl R K I8 N K i
GEWEE | WU BT, SR AT R AR TN A5 45 duk
PEUESH AR

1 ARREHR

WFFE XA F A VLT e e Bt B, B s KL
K L T2 4 km AO7K3EE, B4 S B G2 ]
R, KRB HER BRI RS VR, N R R v, F
PR 5e2) 1.5 km, FPEIKIRZ 24 m, PRk %
i, mﬁlﬁﬁo%?&ﬂkﬁmﬁﬁ9ﬁmﬂ,
HETHAC T 3 s i L, 25 4 Lo Lshfs
AT, 5 6. 8 FLoAMLBh M T AT AR
fL, Hps 6 FLEZE 204 kW LU R AIHLSIAR AT
17, Biflias @ ik 24 m, @ AAT AL A 9% S

e IUiE , R FH W 22 A b 19 75 b s i
ﬁﬁm LI AE 6—9 H 4K 10.5 m, HAth A
KR 9.0 m, KM KSR K Ui 3t 2 EL AT v ]

K, BEPRBUNSR A, BOKIRER RO TH R,
VAW I, KT ) B A A e R A, AR
55 4 LA 8 SLATIE Y, KIS 0] 5 KB Rl 2k
A —HG 1R 6 FLMTE N, KT w45 KA
AR A E—E RS, TR 6°~T°,

flzlrl 91605 12801 040104
| T 1 | (ﬁl:l 141#;@@7_4_
Nl ﬂssacwﬁ(ﬁwﬁm A N
mww) | ] T -
####### 10" // // ///
13109*8765432*103” y _dir
y /// /// o
p ,/ A0 AR
V p” %
V. 4 pr o
#” 4 P
‘ Wy 4
32°07'004 WA Y&
K
4 //1/ﬁ,§§8}L
= C A /;///‘ 24>
e r /7 J 4
B y / J &
y 7/ 4
V. /|
o // // //
, y // S 7 FAI T
32°06'00"% y {4
17 Ve 4
// // 4
x Sy
xF 4 + Bhfihia
y /142£T R i
7 // (¥ p ,JﬂJUEIZﬁN
< ./ / y ; 0 1 2 km
32°05'00" L /// Y : e o
118°43/00" 118°44'00" 118°4500" 118°46'00"

%z
B 1 EEKIIRHKER

2 HEAE

AIS ¥l K, F 3 A BEIJC L0 A2 0 M s
K, AMIT AR T KRB A S LA B e, 45 H XS
Bu ety A sh AL B, iR T 245 3 BB &K
PERAEFNTRAL BE A0 0032 2 B2 3153 0 22 D R ol
BT (K 2) .

il
==
S— L. Kol
[ A RHAL I
=) R
s =] { =]
¥ :}_'/“ HHH 12 H 4

'
“ 2020
JEA FHEKIY ARPERLIE
FUEALHE AbHE

T
N
2 .)Jlllﬁﬁﬁ

| LHR3: LU

| I Bl o

B2 ARARMIEAUTALIE R E



%14 BT, F. AT AIS K 7 KT KA KR ALT AT 5 - 191 -

2.1 B ALHE

AWEFE I ALS B ok B K V038 15 5 B
TSI HERR I ALS BRARHSC, S il AT S A i T
BerpiE S R G T, PR FEH A D)
ECHE P Tt esv MUY LR ALS e dE . 215
S AIS AR R R F LR R
S, G ALS BLE R AR Z R EY ) R
JEER T A AT RE T S R D A O AT TR AL
M, FEMEUT 3 AL,

1) Pl B s 4 20, 4% B A MMST 5[] —
FMANGY ALS B 55500 — SRl 4k, JF4& I
BB J5 AT HE T A 2R 3 5 R A LA A )
BRI ) B e — L, R A3 I S P AR AN TR] 1Y
Bk,

2) MEREE R IC S . AL A5 AR MMSI 5/ T°9 £
MCE, Bl s 25K F 90° 8/ -90°, &K
F 180°5k /N F-180°Hic sk, MEANY H #k i F
10 M5k,

3) MR S o SR S R AR ) 4k
TS K, HELIY T AREUMA A,
Z RN Bk S, RIS Ak T A S T P A AR
FIABFGE X Bl R 5 SO, F T 5 00300 402 75 A
A, QAHSE NN 12 SR 2k

ATS B b P50 8 3 A v 7 WAL B 4
L2019 4R 3], A R A5AL BRIF LR BUE 29 15 7 %%,
R, SRAZA RO T AL, SRS R0
JE IR S ALS B S vk, A IR
T, ARERTET AIS REGRM L BIRCR, A
WM 4 DI AL, BRIETEE /N A BT
SE4 H A B . UG ER R B 4 Y H i
PR B 4R, K 3k S BILIIE 26 A h — A B 4R
B, FHETE B R, RERSP TR,

2.2 RO RO

B A PRI RS 2 B B T AR %
TURB BRI, 904k 35 B B AT 21 i B 2 4 AU
B2 B W BT A Jif A0 A 6 A /K S 7 S5 1 00, (RS
BARIUAT L o i B AR, Ok I R R L8
BT AR TR R FH — 0 3 1 4 099 1) 900 A 320 % 5 4

A AT D7k, DAL I (B 22 7R B 43 A
AR, HEMTRIVEALE % A, EEA S
LT AR,

1) R4, K AFFE X R 43 SR R0 /s 1]
H EZME R HOR B, A SGEPR RIS R
5 mx5 m, AT RIS N SRR Zy 152 T3,

2) WA, LA e S B E —
MEZRERSE r, BB X, H AR5
TR T AR I 43 1 SR AN, PR L R LA B
SRR, BN SERAE AR RIE, i R A
B FTA RS S 2E o, A5 B A I 2% 4y
M (AR, A% X X F 5 X1 A0 0] o
D2 i B D = R e e o 2 N e o o (T B2 U P
DAREANHS I B0 Ry FE A, 138 28 B 40 A (i i — Fif
WA AR, v R IE RS
WS R, A P I E N 10 m,

3) AL Ab B BB REL R AT A A%
rh i KBS 2 H — AL AT 2% B 43 A ]

SR P27 VA5 B 04 A 320 2% B2 43 A L e ot 1 28
] FU ARG, 5 P9 H s B T A I 4 7 A
B BB, % A 2 (BB =, A5 A i
AR, BIP R E BPOREE, RS
W ANG IR, AL St K
SRR K S AR A 20 A ]
2.3 ZUEEIREE I

FERCTE A3 M b 20 S n 2 R S S, S iR
enk . MUATARDL, WU L AL RAE, 4L
i A YA B VR T T R R R G R A B
RS — 4 WGS-84 HBFHARFR R . Ry B W
WAL R AT EE R B S MR, AEN
FULIR 53 A7 P 4 B 3 e A DA B 32 0 a0 0 4R
FEIR A T A2 A 300 % FE (AL T 95% M3 i L N
LIRATIOE SE N SRS = f SN TR &/ T =8 7 s
ORI 30 v %5 B S e (ELAG B P A% O B SRE, BE
e fE— e R AT

3 REEREHH
ATS Hirdfs = 18] 31 [l B2 2 1 0 TR AR K



- 192 - K& L A

2021 %

B, WFEYE E Y 2019 AF A AR, SRR 4R
5500 Ji ik . Kl H ZhAbBAR PR Python JF
%, wBar GIS TIBEWH T arcpy A S8, & H
B A B SR Oracle 2048 R A7 it AR,
Tk AR 3 R 2 2 AN A B I ) 1 (S A
10 min, 75 2 [F) R/ AR KA I 25 5, AR
PECRAITTLIR BO AR E 2 ) BLE , #5 80 m i A
R G KRB INELERA ) 2% %

32°08'00"1

32°05'00"4 4

;
118°44'00"

— T
118°43'00"

&

a) KRIUHAN

118°45'00" 118°46/00"

3.1 ASANELA AL S A

3 7352 2019 4F R 5L VTR KR | /)
RUARR A DL 2 A . T DA 5 AR 0 8 22 20
BLRN AT X Z2 AL A B AR A AT M S
Wk E 2T 1417 R, FEGE S R 4 fL
WLAT, 2255 4 FLS R O ) H b R 9k SE AT
TN T 1428 S A0 R, A R RS 6 FLak
55 8 FLMIAT, T8I KM G 3T A ) B R AR ST T

32°08'00"

32°06'00'

15 (] ek
0 1 2km

e/

7
30005’ 00 LM i
118°44700"

A
118°43'00"

118°45'00" 118°46/00"

&

b) /N

B3 BERAVARAEAEMTES %

XF A B, AN A B AR 8 7 ] — 7K
FELERCR 200,

DA AR, K 3a) Son 1427 20 77 M i
W BEA & S, 55 6 FLANES 8 LS ILIE AL
WA AR S, /N AN RN AL

i, E3b) WoRHE 6 FL5 I P R I A
T4 8 1L,

2) MEAR AT, RIURRANEEA NSS4 fLIE T,
(HAEAEER oy /NS NSRS 3 L, sl KA, /)
P ALAZE W o SR S b RE ML 30 0 b 2 B A
XL

3) 3b) WoRTE 142740 PRI, R AEAE—Ab
B S P /N R B A 30, 3 R R T IR R N A
PERE (40~50 m) AL,

LA EFE AL AR 38 23 A ] LA ), R st
TLRBE K B AT SR AT S @ A, T2

6 fL— B R AR VF I8 B — s D AR 1Y A A 8
55 8 AL Fo v T A AL Bl E gt ﬁij:ﬁ%xﬁéa
6 fLFNHS 8 FLAVIEFE LM, eAh, T2 6 fL
KAl ) e AR R, /N AR
TR, JUHUR P Al 2055 6 FL R 0 L
AR, PRt/ I SE b ) D5 8 LA

4 S pd s K VLR KR F A s o A . &
IR HE 7R, AT AR A AT 5 A I i 2R
DX A B, T AT AR AR A S A E X
WHESERM, XELERELH 445, K
FR AR 22 By b R AE ) b R KU T AR Y K
AT, IXRERT AU AE, DRI S R A A
FEMGESMU, ME 4 3B 0T DLE Y, R A 32T
ST X A R L /I R, /NN
Py A P AT S

\



%14 BT, F. AT AIS K 7 KT KA KR ALT AT 5 193 -

32°08'00'1

BIRLT

© B
|| e

32°06'00"1

32°05'00"

118°44"00" 118°45'00" 118°46'00"

P/

B4 R ASKEAREE AT

3.2 ARRLA AR R A s R B G R

SRy 2 B PR R O 8 R AR S R OC R
PRI S 2 B ST 5 A0 v 2, B ) S B e Jak
WARTTRR, WA 5 fiR, TR ENGE 0L
Bt 12 1) e F L K 55 46 1 AL OE b 07 B O 25, AN
1, 20w,

118°43'00"

B 5 ML SHHE EEX R

Fz 1 BT S ALEERA (°)
AT %41l %61l %8 4L
KEAEAR 13.01 11.79 16. 89
INELARAR 17.07 14.23 19. 85

®2 MMAMTESHILEPCERE (WEAE) m

W AR %41l %6 1L 45 8 1L
FKAfRAR -7.8 4.7 9.3
IR -26.5 12.2 16.5

FTLLE AR 7R A 4 FLAL SRR AL,
55 8 fLAL Mk m B, TEEE 6 FLAL A B A
AR AESR 8 FLAL Sk 1 e f e K, 56 4 fLAE
W, 56 fLAbER /N, AHE/NELRRAR, KT
P AT A AT AL 7 R v, S AR e e A
TN BN H IR R, 38 R AR TP S B A
] 55 M0 rpr 25 ) — 2, X REES U8 B
TR O Z AR U G B
3.3 bR AR L RAAE

R 25 SRR AE T K 0T ARG K R A 38 A2 Ak
FRAE, K5 2019 47 6—9 H #U3l A LT K 3
W, ¥ 1—2 H R 11—12 A B A st AR K
W, PRECE MR RO E T, anE 6 iR,
R 25 5, I3 AE KM bR WA B — 2R T IH
(7 A G R ), 22 i W T A 2 R A A, A
B 7RR, @R el DR, Toie AT T
11, JEBAR . /AL, PR I SR AL
Hili 7K 39 B8 it R 2

N
32°08'00"
WO
320700
&
T
—— U
------ BN
32906/ 00 —— MERAYAN
------ Az N
+ Bhfibras
: FEE I
o 4 0 1 2 km
&9 v Lo b
32905'00" 4 2/ . r :
118°43'00" 118°44'00" 118°45'00" 118°46'00"

A

Bo6 MEMHFEMBAROLETUI L

0.45
0.40 --- M --- WM
0.35 — MR — B

= 030

& 025

2 020
0.15
0.10
0.05

=
5
&
I

a) KA LT



- 194 - KB L #2 2021 4
0.8 32°07'10"
0.7 R =N R = YN
0.6 — WiERM — BEERMT
0.5 32°07'00"
£ 03 o
32°06'50"
0.2
0.1 /
0 . B = 32°06'40" /47 A
Ju PA == Ve / >
PSR - " /(‘;_JH
e 32°06/30" )
B 7 fniheEXfie — B
—— 9
G AT LI 2 A5 B . 1) Bk ok 32°06'20" 10/4
- o . ——— 114
WE LS 4 FLJE W B w AL, 2 Rt FR K A e 1R

RO, A a2E £ S U s I e Ak — 2 0 2 K O
XHRSARBITRAEAE T, NI ahAE; 2) Bk T
AKAEE R 6, 2 8 FLATALE AL, 2P kS
W XK i AR i, T K AR 5 S LAl 7K ] B
VRO B, m ) A, DAfSE 7R A e S | T
ARG Z IR IE MO A 25 [0, sl S K i S R R
MAR s 32 Sl R fL)R, 2R WA I,
P ARSI A 2 R, DR 45 A A A 1) 2 5 1)
SIS T T R AT

FHEE PR LA AT 8 7 4t 2 R 2 1) 22 S A 2R A2
{1 PA R SRS RE Y VRV S V= 115 B/ v U A o
A EGCREEAAEE X, Mk, B 2019 4F 7—
12 HiZ A AT g, 25 588 = 2L AL A
IRLTEAR LA, 1B 8 R T R A A/ H A i
LA
32°07'10'

32°07"00"1

32°06"50"

32°06'20"1

Rz
a) KAEUSRAA

118°43/50" 118°44'00" 118°44'10" 118°4420" 118°44/30" 118°44'40"

118°43'50" 118°44'00” 118°44'10” 118°44'20" 118°44'30" 118°44/40"
Kz

b) /N
8 ARARE A ALEIEL

R R IT R KR 2019 4F 7—12 A& T —
KA AR R, AR50k 6. 23
5.07, 3.26, 2.61, 2.10 A1 1.45 m, M 8 Hn]
DIE L, Toie KAIAR L 2 /N AU AR il 2k 7E
T—12 7 #R 5 B B S 0 e b 1) R R T AR Y
P, SOKAEACAHIC R SR, b n] DUAI W, %o it
2= AR A 28 A AT R ST Y

4 i

1) B AR VTR K O AAALA T SR AT S AT
M, BTN FEENGE 4 L, AT R
55 6 FLANGE 8 FLUEHE LB, /MITEZINGES L
I, AR AL A A AL T A ], S
il 1) A1 A 20° LN

2) KBRS T EE/ NI SN, K
Fytadiats 55 i o /T R, S [ FE AT TE
AT AL, RATOE R, SR A
AN, FRIN/IMIHE LA 3 fLidad

3) MK AR R R i W ., TCig BATIE
ST, ML L L R A A, B KA
FEMRZE A ) B S ARR BT TORE N 2 SR GE R 4
AR PR S, R MR S R Az K — 28 X 7%
RUESIUIE , I A AR AL e, SRABT
FERF X IAAT SRR



%14

c BT AIS RSB 69 & K I KA R B IUAEALIE HF 7

- 195 -

T35, AR TE R 75 5 H A FLAH T8 A= [7]
BT, AN TS G830 5 R T T ik

I G ASCR N I TR L

5% 30 5]
[1]  FROR. B UK IL KM 5 FLIT i B AT
FE[J] 7Kz T A2, 2016(7) : 77-82.
B B R K TR IR IX K S A XU o A B 2 4
FHIXT D] RIE: KIEGFH K, 2012,

EFA, WOE, AR, A P00 KB R e B
GUE R S RGEAELRL)] K AE2AI, 2017, 28(1) - 17-34.
ZR UL, TR, ST OB B b O A DAL ROR T
R[] K8 T2, 2019( 8) : 161-164.

ke, WOUR, BRI T A SN R GBI BRI
THGBRA ST . 2KE TRE, 2019(12) : 119-122, 126.
ZRARVT, WREE, 2R, S T 00 AR A RE (R 1 A R B
BAREUR L (1] B ALUF 5T 5 K J&, 2018, 55(5):
908-919.

18 AT AT A

2]
[9]

(3]

[10]
[4]
(5]

[6]

ZHANG L Y, MENG Q, FWA T F. Big AIS data based
spatial-temporal analyses of ship traffic in Singapore port
waters[J]. Transportation research part E: logistics and
transportation review, 2019, 129: 287-304.
MAO S, TU E, ZHANG G, et al. An automatic identification
system ( AIS) database for maritime trajectory prediction
and data mining[C] //Proceedings of ELM-2016. Springer,
2018: 241-257.
Whasify, B, 220008 E M0 R e 5
g DU B DA SR LA A 0] L BR A5 BRE 22441,
2015, 17(10) : 1196-1206.
W I, 2 3 0. 5C T Bt B VI O 3l i L 1
BN G EATHERI C /b E i 2 25 AR 2
232010 4F 22 AR AR 228 SCHE. Jbnt: IR AL I 4 2,
2010: 81-85.

SRR Q22,29 229,20 209,299,299,299,209,299,239,299 209,299 209,299 299,299 209,299 299,299,209,209,209,299,299,99 209,299 209,299,209,299 209,299 299,299,209,299,239,299,209,299,209

(L% 149 )
[177 KARAMI H, EHTERAM M, MOUSAVI S F, et al.
Optimization of energy management and conversion in the [19]
water systems based on evolutionary algorithms[J] . Neural
computing and applications, 2019, 31( 10) : 5951-5964.
[18] XU X B, YANG G S, TAN Y. Identifying ecological red

lines in China’s Yangtze River economic belt: a regional

approach[J] .Ecological indicators, 2019, 96: 635-646.
XIE A, LIU P, GUO S, et al.Optimal design of seasonal flood
limited water levels by jointing operation of the reservoir
and floodplains[J]. Water resources management, 2018,
32(1):179-193.

(AL L)

299,299,299,299,939,939,999,299,299,299.939.939,939,999,299,299,299,939,939,939,999,299,239,239.939,939,999,999,299,239,239.939,939,999,999,299,239,939.939,939, 999,299,239 ,239,939,939,939

(L35 173 )

3) dE I XF oy K IR L T SR LA, HERE R AR
KEE, BREHSERMENRITR 20KETER),
AR T BN £1HAE (< A IR A it A R X K

(3]

)EE

EiE AT s it — 2 RiE
[4]
[1] P, 25, T Ay, 45 dik N 1B, §T 1 V5 #m 5]
JeokiE g K E [J]. P EKE (TR A), 2019,

19(7) : 33-34, 36.

(2] i, $R 0507 B B T B A B R AT AT (] o

[ 7Kk iz, 2020( 3) : 27-29.

WITLAR 538 LI BRI 5 e A VL i LTS
FEFUATATPERF 5% e 45 [R] T 0 V128 58 38 B J] 5 v
WF5EBE, 2016.

WL AR 28l ML BT JE Be . B E VT vp b e il 6 1

TEIE AR (HRALAR) [R]. BT : 0V 2 22 38 LK 31
TR, 2009.
04 =2 3B AR BE T e B0 A5 RS B Wi ssead T (4 1L

L&A BB @I BT
R BETBe e A B W], 2017.
(K %h#t

130 WL 50l

HEH)



