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HTEEAAELE, M AIS (Automatic Identification System) 3T FP AT HFARAY_ L F SCHLEERE 7 &, 2L
HESER BP (Back Propagation) FHZEMIZEIFHFNSHY, At HAT WUl BN DAY BP #2225 (Bi-BPNNs) A4
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A Model of Ship Trajectory Data Repair Based on Bi-BPNNs

LI Yue', YUAN Zhi"?, LIU Yi’
(1. College of Technology, Hubei Engineering University, Xiaogan 432000, China;
2. School of Navigation, Wuhan University of Technology, Wuhan 430063, China)

Abstract: In order to solve the issues of trajectory data abnormality and losses, as well as to assist trajecto-
ry restoration and scenario deducing, a two-way learning method for ship trajectory data repair is proposed.
Which can solve the problem of trajectory data abnormality and loss, and assist trajectory restoration and sce-
nario inference, so as to ensure ship traffic flow analysis and marine accident investigation. Specifically, the
context trajectory feature vectors of ships are extracted from AIS (‘automatic identification system) data, the to-
pological structure of BP ( Back Propagation) neural network is improved, and the Bi-directional BP neural net-
work ( Bi-BPNNs) model is constructed to repair the missing trajectory data. Finally, the real trajectory data of
the ships sailing on the Yangtze River are collected for verification of the proposed model. What’s more, com-
pared with basic BP network and common linear interpolation methods, the Bi-BPNNs model proposed in this
paper has better performance and effect on ship trajectory data repair.

Keywords: ship traffic flow; trajectory repair; Bi-BPNNs; bi-directional prediction
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dentification system) BEAG/ANWIHES ALARFN 3 LR SCRYIE 2L R RO AN , X S 8008 G 45 A 0
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RHBGEIEAT T o0, A XLk 2 AL TAMARE T 1%, A REIR I s E R AR HUB Y RAAE, JEHOANRE
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A SO AR E IR PUBEEE HEAT 40, SIA BP SRZ W28 775, #4 Bi-BPNNs TN ACAL, AT /S
PIASTT 10 5 BB R A AR PR SEAT IR EME A2, DT R AR I e 25 2k Il FES Rt B, 2k
TR O BN EE HE AT SIS, JF 5 Bl BP I 28R 2 PR A 1 5 AT X L 4y
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http : /xuebaobangong. jmu. edu. cn/zkb




55 4 Mk, 4F. BT Bi-BPNNs MUMRANGL G SRR - 435 -

BB SCHRN AR A4S G, ek e B BB S A5 R
2 HBEHMESSHENEE
2.1 BN

MERAERIMEAR ALS B VRIBUN TR] | 2208 | Zh 18 | fiiln) . MUE AR R A ) i, VR DB 0 day
AN, AR TR ERPE N L SUEE, BIET—B B AL, G — iR B T SR
i PR R AR AR ) A R AR A0, B LA SCRY GRS B TE R A& 2 Z AR 75 S T B
e, LAMERZE2 2] B — I [A] B oA B8 22 B9 BIGIARAE DTt vo R 930 20 B8 1 TR S
2.2 RESYH

MabMEEAAINE LSRN, 1) MR K E SRR I 8O),, KRKNWZARRE A 2)
Fa & 22 e R H O 2 PR RE S ALK, otk T ISR I, MR BAIE 228, 3) il
S pRERC AT 3 3 R A RURT B (R D8 N AR IR 22 SR s 4) A% 3 sRBC N 46 (0 E S A R 4, i HL
PSR AT G o X S SRR I i S BRI 1 I R AT S e A T R AL
2.3 tREVTE

W IZRE . WU . ESZ{HAY RMSE (root mean square error, Y HiR%) Hl MAE (mean ab-
solute error, “P-IJ4EXT 1522 ) X A4 H Ay X & S AR Y (9 B8 &2 45 SR AT PEAS RO AL . R, Sk
PREMERL A PR, AR L5 8 DLAGRAE sk R3ERE G BP 45 AT %t b, I a1 RMSE Al
MAE #EAT3F et , 07

T T
RMSE = ( X, (y, =72/T)"; MAE = 3 |y, - 3,|/Ts
=1 t=1
Ko ¢ FORIHAAS R, T 2R RO I v, A1, 5130 R Bl s B SO P

3 KEWKER
BN ) 22 1 B T 7 < e 4 B 4 | R 5 T s B S A Wi N | W4
WEEVPKIE, KB E N 31°55'53"N, 120°29'49"E % 32°8'38”N, 120°46'1"E, fifTH}a] K 2018 4F
10 A 13 H, BIAARAEEIE S B whEl, AAanES o W, Mim, 28 4%, For4E an
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Tab.1 Part of the original sampled data

H 8 Date ﬁm %%@% ML S0G MM oG £ Longitude 25 Latitude
Time Call Sign /kn /(°) /(°E) /(°N)
2018/10/13 17:34.53 100900517 8.258 186.26 120. 7667 32.0160
2018/10/13 173551 100900517 8.084 185.89 120.7635 32.0157
2018/10/13 173551 100900517 8.084 185.89 120.7635 32.0157
2018/10/13 17:36:49 100900517 8.106 180.36 120. 7603 32.0153

3.1 HikFabE

R TR A5 1 2 RN 48 A2 i s LR I Bl i S A, SRR 3] 1) D s B i A A — S S i FR S 47
U, AR ) 20 5 B 5 3 R AN T R (R A 7 DXk L, B st I e /N e G, i, 13T T
B EE AL BT . SR SO I SRR B R AR B T A T HE Y, MMBRE A9 EdE s B T HESE R
BB 73, DMELE S/ NS R N AT R, O ™ — DA B Ve B SRS TEALBLIN
HATE T, AR G MEUE AR E L E 2, R e A 2 R R S
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b, BARBE T EHPLE AR, TS
RN AR AN 2 B
3.2 MRARELITMEE

YRR T #4) %) Bi-BNNs 0328 3 i 4% 1 7y v
AE, TEHUE S ME R R i S il Bl R AT S g, i
OV, fim, SR, iR A B ERAN
NFFIEI &, I Bl AL BORE A5 19 80% 1 Sl
AR, R0 20% MRS, LR ITLE, KR
WSER G e R DR IR, 143k
PR T I 4 AT, @A, AR ALY
YIghpe 22 A58 22, X & S 8T8 2 ik,
mk 2 FioR,

M2 IYSE 1 AR 2 HL PRI LR R,
MUk pRECH “trainlm” | L6 KECH “purelin”
I, ZEREFNE BRI GRi 22 e/ TE565 3 S
e, BT O 4 iR 22 FURT IR AR KO 2 A S i Y
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Fig.2 Ship trajectory after preprocessing

TNy W, LEA 4 AEerh, MRaonicE oy 12 i, BB T SCR et I, R BCE BB
SRR SN . MU 125 BERER Dy 45 IIZReR BN “wainlm” ;238 BB pure-
lin”, XHL, BORZHH RS R B E N 4, WRLTEHT 4 AP s 30 Kbk a5 B0 R ok — Al Kol £

IRJE U AP B A9 2 58 B A B FEnl

%2 Bi-BPNNs R A ESHiIZ E LR

Tab.2 Some training experiments with different parameter settings for Bi-BPNNs model

P MauitE INHPAN Y2 pR %L 3 PREL RMSE( x107)/(°)
NO. Neurons Time step Training function Transfer function Z5JF Longitude ZhJF Latitude

10 3 traingdx purelin 0.186 0 0.166 4

10 3 traingd purelin 1.120 7 1.268 8

10 3 traingdm purelin 4.288 9 8.304 3

1 10 3 trainrp purelin 0.128 5 0.1523
10 3 traincgb purelin 0.116 8 0.140 7

10 3 trainlm purelin 0.031 4 0.053 6

10 3 trainscg purelin 0.1845 0.178 3

10 3 trainlm poslin 0.109 9 0.089 5

10 3 trainlm logsig 0.740 3 0.178 3

2 10 3 trainlm tansig 0.7215 0.1321
10 3 trainlm radbas 1.056 3 0.218 6

10 3 trainlm satlins 0.896 9 0.148 7

10 2 trainlm purelin 0.1503 0.104 5

3 10 4 trainlm purelin 0.018 1 0.047 3
10 5 trainlm purelin 0.028 4 0.048 6

6 4 trainlm purelin 0.031 4 0.061 4

4 trainlm purelin 0.0229 0.050 2

+ 12 4 trainlm purelin 0.017 6 0.0429
14 4 trainlm purelin 0.027 8 0.0855
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AR B 7 A X ) AR, 35t ML SCRO AR (S X R B O ANl i, BRI A
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7 Lnngitude/(oE) P23 Longitude/(OE)
a) & 5 )5 14 58 2 Ll b) TR 40325 5 S B X e
A complete ship trajectory after repair Comparison of predicted trajectory and measured trajectory
B3 MMRTEESER
Fig.3 Results of ship trajectory repair
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Fig.4 Performance of ship trajectory repair of Bi-BNNs model

WA, R T 2L B Bi-BPNNs BB EMEAZ OUBvE , TR [m] ) S g i, o 0 0l 5
WLHIERYESGE  (linear interpolation, LI) B BB SRR A (‘spline interpolation, SI) RNV ki
{ (pchip interpolation, PI) S R BP B2 R 4% ( BPNNs) AERIUEFTXF G, TR kB EH
A RMSE Fl MAE, 1531 10 IRCEE5 KA ERbREZ , W33 Fis, I3 hATLUE ! Bi-
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®3 TRRBMMMPITESEE R

Tab.3 Comparison of different models in ship trajectory repair

pi=min| 2 Longitude ZHJE Latitude
Model RMSE MAE RMSE MAE

LI 0.001 4 +0 0.0010+0 0.001 2 +0 0.001 1+0

SI 0.012 6 +0 0.008 6 +0 0.0831=+0 0.056 8 +0

pI 0.001 4 +0 0.001 0+0 0.001 9 +0 0.001 2 +0
BPNNs 0.288 4 +0.003 5 0.008 4 +0.000 2 0.045 7 +0.003 0 0.001 4 +0.000 3

Bi-BPNNs 0.000 6 +0.000 1 0.000 5 +0.000 1 0.001 5 +0.000 4 0.001 0 +0.000 3
4 4k

AR SRR X AR A S i i e LR R (LA, PR T Bi-BPNNs 88U FI XS R SO Py s Bk AE
SRR 24> SRR B A R G PR TN, DA T 4 T A8 B2 R B AR, 25 i i B vy S 45
ISUEZE SRR . S BERE IR RMSE Fll MAE 4331 A 0. 000 6 #10.000 55 4 BEAE S 1% 2 RMSE
FMAE 4351 A5 0.001 5 F110. 001 0, 5 HAZ R 5 2 IRl BP #RZ8 8 AH L, A SCHE Y Bi-
BPNNs 7EAARSIME S T BA B8 R
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