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Abstract: In order to solve the problem that of High Frequency Surface Wave Radar (HFSWR) and Automatic
Identification System (AIS) target point tracks fusion, a point tracks association algorithm using Jonker-
Volgenant-Castanon (JVC) global optimal matching for different status is proposed. Firstly, the HFSWR and AIS
target point tracks are divided into the quasi-static and dynamic data by the radial velocity. Then the radial
velocity and spherical distance are selected as the feature parameters, and the different status data are respectively
pre-associated by the radial velocity and spherical distance. Finally, the average of relative distance ratio is used to
evaluate the effect of association. According to the selection of threshold parameter, the HFSWR and AIS point
tracks are optimal associated with the JVC algorithm. The experimental results indicate that the proposed
algorithm, in the condition of equal number point tracks associated, is superior to the Nearest Neighbor (NN)
algorithm and Munkres association algorithm in the association accuracy, and the associate time is less than the
NN algorithm and Munkres association. Moreover, three different time data gained from the target traits measured
in nearly three years demonstrate that the feasibility and real-time of the proposed method.

Key words: High Frequency Surface Wave Radar (HFSWR); Automatic Identification System (AIS); Data

association; Optimal association; Jonker-Volgenant-Castanon (JVC) algorithm

Vol.37 No.3
Mar. 2015

1 31F

i [ R T AT RF 2R R il 25 ), 2
Bz mEE . DA, fie. MR E
15 LAY A 30 R 48 (Automatic Identification

2014-05-21 W&, 2014-09-22 g[ml

5K A AR T2 2 4 (61362002) A 20 2 M BHIFE 1 (200905029) %
Bl

A : XKfE  yxliu@Qimu.edu.cn

System, AIS) & H §E Ly H H w0 32 L4880 F
Bro AIS REARESTEMIARIIZ R . 2R, L. XY
ot AT AR BERI EAEE B, HOE ALK
BER Ry o ey AN % 753X (High Frequency Surface
Wave Radar, HFSWR) nJ S i i #1005 B2 A
H, B 3 RS, EADRS AR T AIS. FIH]
AL TR R ATS mREER A E R, T RIA L
P& e EA I BR BRI RS o T2



620 BT 516G 8 %R

37T %

ZI0 H bR B R G, D ATHERA M T FR IR A ATS R
U PSSP S RV 6 LR T B R RS UN ERSPRSIS
B A HAREIE B

A B IR ATS R Rl-& R HT 322250k Py A
SRR R R A B R R S O RE—
IS 1) B8 F RS A G 0, A28 Rt 5 W) Sy i — I )
B H AR AT G O o ASSCEZEET R ER A ATS Rk
RLE I ST . AR ISR ATS 1 H AR LR &
FEAE PRI AE (Nearest Neighbor, NN) & 74P
GRS, ALk (Back Propagation, BP)
22 I 208 SR IR VE SRR SR Gk P AR S0 . SCIR[5)]
K OB R IR B 5 OAIS RIS AL 4R IS
(Synthetic Aperture Radar, SAR) {ZE &4 Al H 5
T AR SR IEAT ORI, VAR i A0 I8 o 3 PR i LR
PREFREIE . SCHR[6]F1 SCRR[10]7E AT IAFT ATS @il
HHIS R REA L, SR ZE R, FI
BN RS T EC A SO E, T TR T S
IR 7] 300 3 o v A0 SR v DR AN [ R AR AR )
SRR FIA ) B2 A5 G v B (K20 A, DA ATS Seit3
WAE NS, NG B A L PP Al 38 TS R [
SCHR[8] ] % ATS FIER I fUZE[A) A H] BP 44140 [0 2% 3k
AT RIBAML T RIFFUAE RS A o SCHR[91E FH — ik T i
KPR i 5% 3R ) SO E SO HAH SR S it KB R 7
LA ATS W INEHE o SCHR[11]38 0 s AU R IS
AIS A5 B RS EE 32— iR B R AR IE S
SCHIR [ 2R SCHIR [1 2] 38 5 A% [ia) T A2 1) S 2 A0 7 67 4
WATHE TR IS S ATS RO R I SCIHE, HUAG T R LF I
RIRAAR  LIR TAE N M FR B A ATS e SCI S
T IR NS

JVC(Jonker-Volgenant-Castanon) 4} i i
Jonker, Volgenant Fll Castanon 3 AJE[r]4 H 1 —Ff
LeME oy Me L, W TR SR TP ) L R Bk
VS B RS S B I B 5 o s A M O TR Tk

A ATS H AR 3 R0 A RIK ) L, A SCAR 3
ZARIKES I A R ORI SEN, K JVC FETIAN
H bR fZE SR IE R, LU a2 Ti) e 3K e 5 4 D AR b
A DR 2 R0 3 B DG PP SR b, EAT R LRK
THTEE S (R RIRAIEAL,  SEBL it i 7 TA AT ATS ik
(K4 R L ORI, NI R SR A R (R iR A ATS
H bR s SR i 1 —Flopr i s I ik

2 HRIRREIEANE

SEIGIT R A 2011 4 10 H 31 H, s256 X AE A [
W, &4 Y8 Hl 35.0°~40.0°N, 117.5°~
123.0°E. SELG R (05 78 55 5056 D1 s At b o iy T8
FAIS H br s -

e b R A IR H b A B A R A
K, R, GE. REE, AEEFEERRZ
). BRMIPE R . AIS 5 B EREE. 4.
B XTHOAT I . M MR BRI SR .
TARFIZEPRS I ATS 15 BB R A,
TR P b 35 TR RN B T I RT S 5 min 1) ATS %%
Pt IR 3 TR SR DN I TR S5l SR () ATS H bk a5,
IEAE BAE I 20 AIS H br sk

2011 4F 10 H 31 H 09:18:50 Ik 2] i i e 75 1k
HbR S wE 1 s, AIS Hbs S E 2 fix.
LI, A IE LRI 2] 336 AN H Aw s,
ATS FEERMF] 836 1~ MK 1 F1E 2 ] LUAE
AIS W 3 B K T Al B ik, & 2 h g difE
7F 35.0°~37.0°N F1 117.5°~119.0°E & FH W i H b
& T v A R B IS T BRI AN B X 88, O T S
SR AL BRI R RS, SRR ATS i db AL AL BE,
S Y JE T 35.0°~37.0°N, 117.5°~119.0°E
(1) AIS HbrASEAT KBRS HT o
3 ETIVC MRS EIREXREE X

i FH BB SRSV B AR L A R il
5L G M E 0 SCHE (Joint Probability Data

40

40
e  HFSWR
L ]
39 LS
o :o. o °
:‘:; .‘.. )
= ® e [ ]
Ry ® o ®
38 '“’%‘ L J
*
L
.

37

1 2011 4F 10 A 31 F Aot ik F b 2043 A

119

120 121 122
ZR(%)

123

ATS g i
39 .
° L@@w %
? Om‘%@’
— 38 6 6 190
‘i_; 0&%@%@ 55
= # '
& 37
36 80
e
Oa,0
35 —
117 119 121 123
ZRE(°)

2 2011 4F 10 H 31 H AIS Hibx £/ #i



o5 3 3 K S

Mo TR IA 5 A SR ARG H AR s SR L RIR A 621

Association, JPDA)$7% . 2R & IR ER 52 (Multiple
Hypothesis Tracking, MHT)%13, &y Alikb 3 35 & Al
AIS BB IRITE AR, J& T A [F) 2R A s
Z IR s R, s S BIFAAAAE — RN R R,
TR AR P AR AT S0 M7, JPDA A1 MHT
R TCVEN Y o B AR EEVEE T R R 1 1
TIHEAT RO, AE RO A X 5 5 R A AR R IE
AR BT W R FE I, A R BN
BRI, H L e L OGIBRATEA H Munkres A1 JVC
R AL BERBORAE TR 80E, JVC Hiki &
EPEE T Munkres SIERFASE VAN, JVC HkAE
SRAF— — SRI MO A 1) [ N DR 455 S50 1) v v B
Sl 0 RN ST, R ZPIRAS IVC B
PRI SVL AT m M R ik 5 AIS H b s 5%
5o
3.1 FHEREMEERITE
Fe B I R I ) 22 R) 3 HE R AR, dn SR s A
WA IEM ATS s AN DA B R GG, A5 R s
A, AR O T3 Rk e
B, B URICIG, SR AR 1r o S S AR DAy Ik
HIRFIEZHL.
3.1.1 RENERFERTE  m A Ik A
PO, AIS U th AR SR A4S
KAL) T3 ATS S SEAEAR 1) 1 B2 (L5
Visr: = cos(cog, —wy) X sog; (1)
Horp cog, i AIS RUEIRTHIATIN,  sog, i AIS i
HIRTE,  w, h RIS ERRAE .
3.1.2 SEEEKEEFATE S L
AIS KIS BRI ER 2R HEAT G, midiith i
TIAY AIS P s A R K E 25 Dist SR (2) 24T
R
Dist(latypswr , longrswr - 1at s, lonyg)
= R x arccos(cos(latypgwr X T x 180)
x cos(lat y g X ™ x 180) X cos(lonypgwr
X 7 x 180 — lon g X ® % 180) + sin(latypgwr
x 7 x 180) x sin(lat s g X 7 x 180)) (2)
Horp R AHWBRIT ISR, lon, lat A E i B 1A
5 AIS RO BRI
3.2 R RTSEIRERKE LRI
AR R R, RIBRTTBR e 2 e E
EFEGIE R IR TR, A7 By T6 ok B [F— H AR A
(i) A2 S 2 ) T AT ORIBG o i AR LIRS FZ B))
RET, mTsah @ E AR, F kg IR 22
WA T2, AR ok e RS FiE
PR HI AT 02, SRAIANR] B 2 SR T T PR

BEATHSCHE, #70 mMEH] JVC SEEAT 7R AR
PREG ORI IR B R A QA 3 .

RIS -
5 ik AISRIE

e T T

HERAS T | | Bha&TIL R | | RS ALS | |2ha AIS K
T (A i T (A5 I S| | pe (A IR (12 (4 v TS
fE<0.5kn)| | >0.5kn) | |Z£<0.5kn) 0.5 kn)

VO
e
i
=
AR
e
TR Y S
» i HiR by [

K3 RS R AL R

SRIERGEE A5 < 0.5kn SRIX A HEFRAFIEZ
BRI, AIS HERRA SOZPT A I A s . AR
T RIETTBR BAZC(3) 563, SRR T R 5 v it 8 o
I AR N EE B L, LB RECh Ko RIEERES
I B4 ) BRGSO, QIR B
Ko

Dmaxqg, = K; X Sy (3)
P Dincgs, WHERSAS F A0 0 AN A0 TR
B, Sp A i DTS SRR EE .

AR, LA S Hh I o ik Bl 28 50328 3k )
AIS fUEE, SEHATIERERIR, R TA% 1) 5 22 /)
T0.5 kn [ R E— 20 A W 2 T PR 15 45 Sk
TR, IEAPRAE NI BR LA (4) 5B, B
DL Y OCHRT T PR 55 4% 1 S g RAR I B AT %, B
BRI ) RO, IR ZE O, ORI PRAE B
Ko

Dmaxy,; = Ky x S + Ky x Vg, (4)
Forh Dmaxy, AT i AL R ORI R,
Via NER i NTRIE sURAR KT, K, A BE I e ) 2
B, Ky AR 2S5



622 BT 516G 8 %R

3.3 £F JVC REEB A E A
IVC B2 1 B 2 8 T [, 5] — uli] — of5] >
0 =1,2,--,m; 5 = 1,2,--,n) KIS N 3R

m

y. = max[z uli] + i”[ j]] 5)

i=1
FHorp cfi, 5] AR BRE, VR I B i A kb U T IR R
ATS P s ] (P BRTH PR 5 AR B3, wla] B o[4] 27
AARRAT A A A = 1 AR, o AR A
N BN e e s T W S R T R R A
I SR AR ISR AR R T R AR X
TSR, A4 IRy 325 (R (1) Jeh B T B 25 e
FESCHR[16) LAt L, ¥ JVC Sk T s
H IR ATS {1 SRR, JVC LR e
N e P
FH 1 KT A A S B F
SeRESE BN, BRI A BT AR AR B .
TR 2 Gk T A A
(RIS AIS f7F,
FIR 3 HELAS AIS AU AR, WItE
SIECARIY N 0, THEL AT 4% S A VO T A8 1) 25 4
WH 4 SrBC AT TR S B B N T
ATS A, WRVCECET), A CULEL ATS iR )i
I B IR S FT VSO I A AR s T
5 5 oA S VC RS, W EE RS A AR, Ak
SEI 55328 L - R AR UL AT
W 5 AL NI ULEL, ELRIATE A
SUZEVCHE e e BN FIRARBE I, kg
4 SENERFEREREIUE
4.1 SEIEE
RIFENTNREERESEN S K, K,
Ky, VORI VCEC AL 5 F6 A 28 0 P, SRRk
KIEPEA KILITIBR S50 2% 8 B A T Ik 32842 )
PR B HARTR], TR K I R 22 A I B 2 )R,
TR DAY, 28386 i 38 1) P AR 2 B A 1)
SERMEAE  E BN IR 7o AR 25 L4 0 20 (6)
JrR:
RDist, = Dist,/ Sy, (6)
Horp Dist, K50 ¢ N ORBRET I 2 5 Ok ATS s8]
FRERTHT P 25 o 200 AT AEAR 1) BE 2508 200 km B, 7
AN PER AT LA F) 19 km®, 1E#E 0.095 1 AN
FEE LIPS % IR
4.1.1 HEBSIIRSH K BEE Wk 1 s, b
H K AEMZE DR, RSN 25 Lh i 3
FHOCHG s AL DN, Y K,=0.29 B, FHXTEE 2
EC (S B RGOS 0.1104, ZEFIUERS R
R ZEBE B AN, EPE K,=0.28.

ERTEC
R1 K, WBER RS XM
Ko PEERIGN REDEOTI
FEE (kn)

0.22~0.26 0.0774 0.2663 15
0.27~0.28 0.0884 0.2531 16
0.29 0.1104 0.2743 18

4.1.2 FBNRSE K, BT HIERAE 1A BE X

PR BRI R O, B LAOERE K, VBN 2 sl %
BRI BN &, % F K,=0 I, B K, F8m, 30
BRI ORI 2 R, 4 K,=0.20 I, HXf
PR LRI AR B, BEORE] 0.0974, B H
0.095, FrLLiEH K,=0.19, 1 K, #4700,

4.1.3 SRS K, BiEEFE HeSH K5, 4
Ky IS HOHAT IS, Ky 2B A0 SCIDER 50 (1) 5 e a2
3 F7Re M Ky;=0.15, AHXTEE S LU ) P YR 18 K )
0.1012, {H 2 KRB HIC B8k, NIiEd: K,
=0.11.

F2 K, MBEMEISXEKERNE

o AL MEERTRE oo
SEIME (kn)
0.18 0.0781 0.2432 43
0.19 0.0896 0.2408 44
0.20 0.0974 0.2438 47
#3 K,MEEMHSXBENZMm
ML R
BB e {#(kn) KA
0.05 0.0916 0.2456 50
0.11~0.14 0.0950 0.2712 51
0.15 0.1012 0.2716 52

4.2 EIERWER EEER

O3 PR BT A8 4499 Munkres 5095, ZMIRA
JVC BN 2011 4F 10 H 31 H 09:18:50 I 1) 336
ANTTIA HAR SRR 443 A AIS SOZEEAT 5378 S 1Bk B
I

e T A ST 190 (35 U /I 1R B S B AR
UF o AH BRI, Sl SRR S  R 2 11 i
ARZE, RHE 51 XFEE, CHCWIE 4 For, EIFsigkis
PRI SR W i PR R TR R ATS A Dy SCH b
X o

Munkres KPR (4) TS TRR, 5%
ORI 5 iz, SRk 51 %F A, AR 25 EL i ~F
YIME A 0.1159.

IPIRZE IVC RERE R R WK 6 fios, 76



3 ik SR HRTRIA Y AR RS H bR sl i LG 623
39 39 39
o«
‘\\Q
o o '
Og. d[}po 9\0‘ b .\sé
< 3 ¢ (A < /'% S
2038 \ * 238 2038
o e r) = = (% LJ
Ry ®© & X Ry R ®e o
L @ ) L) > ‘g@&é
¢ o HFSWR A5k o HFSWR &if o HFSWR A ik
o | AIS g1 S AIS ki ik o AIS ik
37 ‘ 37 37
119 120 121 122 123 118 119 121 122 123 118 119 120 121 122 123
21 (%) (%) ZHE(°)

B4 FRIT AR SRR

RIPE 510 IO T 5 AROTBE 25 LE IR~ P-3{E R 0.0950.

FEFIRESRIR 51 %5 p B I O0 T » #5515 k4G
FECE AT 4 s . el &8 53 Ik (1 A 8 29 B
(PP 5K, Munkres BykIK 2, 4PIRE JVC %
ATV g/ RIS 0 RS SRR ARV v S B [ A1,
LT B AR AT Munkres 5%

R4 3 MEIEREEIEAE

MR L RIS
RIRA: B ELIY ﬁﬁfﬁ ); ii A7)
P T (s)
SR 8 BFR 0.1761 0.2356 51 17.4
Munkres 5.3 0.1140 0.2098 51 22.2
HT IVC FARLE  0.0950 0.2712 51 10.9
15 RS ORI 1

4.3 BIEKRAMASERE

N T B UEEIEM S, iR 2012 4F 4 H
23 H 10:10:45 A1 2013 429 H 6 H 09:18:45 I (1)
A SZIGHHE, B TR VO $dl SBEEeAE,
2012 4F 4 H 23 HEPsSE 5 273 ANk SZE
474 4~ ATIS s5F; 2013 49 H 6 HALE 5 262 My
5 R R 874 A AIS AT,

SER SR 4 AR 5 FTon, R BATHIE B b
A A EEAEAS KT 0.095 Fld K e A A A
KERSAE, RS IVC Bds B vE T DL R
15% I e LA, X 273 ANEIA sZE R 474 4> ATS
SR SR, ZERE/RIASE N Intel Core i3 CPU
@3.3 GHz A:HEZEA 4 G WAFIE B HEAL L rT L
FE10 s NSERG, 19 AR B0 DGR ) S P 22K
5 Z5RIE

ASCER S A E ik S ATS U B A Y
PR, Kby mie JVC BN THiA Y AIS
RO P UC L A, SBT3 (A B 28 1 dp LR DT

5 Munkres5yE AR

K6 /-RAIVORIEBR

% 5 REIPKERETZI SR B R

R EEE MIMEE U RN EE

%%ww I A R 5T R s Y 1
(%) P (kn) (s)

2011 4F 10 H 31 H 15.2 0.0950 0.2712 10.9
201244 H 23 H 19.9 0.0940 0.3272 9.6
201349 H 6 H 15.6 0.0933 0.3120 9.4

Be, il T sl B AR AT RS T B Gk . (0%
By, o TR mis F MR DL RORS R, i A
Iia) JHC PS5 1 ) W e A R K 0 o HE RS R B 2 R
105, AT AN FPRZAS B 5502 7 il 54T IVC SeALULRE,
BRI T RS T Hbw s 1 e e . SIaG &5
KR, ZEEAEFRE TR 51 X s s LT, %
RS T i3 T e U AR S A Munkres v, JCIEH ) /D>
TR ARVER Munkres 4, A HIAE AIS Hir
R SCIRERAE T — AT 7 v, (2, T EHIA
(1 H b AL RS FERAIG, HIAE ATLS 1 sk Sk L)
BAR, Tl LIS — & S ks B SAR K
PREHR AT I R HARRLA TR, DA b
TR PEORE FEFNSE L, [RJINE ] DA B R v B 38 RS L 171
1EH .

2 & X #

[1]  Dobson C, Holenstein K, Smith M, et al. Monostatic vessel
detection CODAR  SeaSonde|[C].
Proceedings of the OCEANS 2013 MTS/IEEE Conference,
San Diego, United States, 2013: 1-4.

[2]  JiY G, Zhang J, Meng J M, et al.. Point association analysis
of vessel targets detection with SAR, HFSWR and AIS[J].
Acta Oceanologica Sinica, 2014, 33(9): 73-81.

[3] Habtemariam B K, Tharmarasa R, Meger E, et al.

AIS/radar
surveillance[C]. Proceedings of the SPIE Defense, Security,
and Sensing symposium, Maryland, USA, 2012, 839301: 1-8.

[4]  Chen J and Xie L. Research of Kalman filtering in ship

statistics from the

Measurement  level fusion for maritime



624 LI I IS S i 5 37 4
track[C]. Proceedings of the 2nd International Conference on system data[J]. Journal of Electronics & Information
Transportation  Information and Safety: Improving Technology, 2012, 34(5): 1065-1069.

Multimodal Transportation Systems-Information, Safety, and [12] 2K, gk, EAENG, S XU S A T A A H AR A
Integration, Wuhan, China, 2013: 2464-2469. RS A AT RET RS HFEAR, 2014, 36(2):

[6]  Gurgel K W, Schlick T, Horstmann J, et al.. Evaluation of an 266-271.

HF-radar Ship detection and tracking algorithm by Ji'Y G, Zhang J, Wang Y M, et al.. Ship detection point
comparison to AIS and SAR data[C]. Proceedings of the association surface and fusion with dual-frequency HF wave
International Waterside Security Conference (WSS), Marina radar[J]. Systems Engineering and Electronics, 2014, 36(2):
di Carrara, Italy, 2010: 1-6. 266—271.

[6] Kazimierski W and Stateczny A. Fusion of data from AIS and 18] B& BAR, WPk, 2286, % T A RERNEE) 2L E
tracking radar for the needs of ECDIS[C]. Proceedings of the Hbs B8 S [I]. 7 515 B, 2010, 32(7):
Signal Processing Symposium, 2013, Serock, Poland, 2013: 1621-1625.

1-6. Sheng W D, Lin L K, An W, et al.. A passive multisensor

[7]  Dzvonkovskaya A and Rohling H. HF radar performance multitarget track association algorithm based on global
analysis based on AIS ship information|[C]. Proceedings of the optimization[J]. Journal of Electronics & Information
2010 IEEE Radar Conference, Washington DC, USA, 2010: Technology, 2010, 32(7): 1621-1625.

1239-1244. [14] Kadar I, Eadan E R, and Gassner R R. Comparison of

8] Hu X R and Lin C C. A preliminary study on targets robustized assignment algorithms[C]. Proceedings of the
association algorithm of radar and AIS using BP neural Aerospace Defence Sensing and Control (AeroSense)
network[J]. Procedia Engineering, 2011, 15: 1441-1445. Conference, Orlando, FL, USA, 1997: 240-249.

[9] Liu C, Lin B, Liu X M, et al.. Fuzzy correlation algorithm for [15] Jonker R and Volgenant A. A shortest augmenting path
multi-target fusion of automatic identification system and algorithm for dense and sparse linear assignment problems[J].
radar[J]. Journal of Computational and Theoretical Computing, 1987, 38(4): 325-340.

Nanoscience, 2013, 10(12): 2826-2830. [16] Malkoff D B. Evaluation of the Jonker-Volgenant-Castanon

[10] Kazimierski W. Problems of data fusion of tracking radar and (JVC) assignment algorithm for track association[C].
AIS for the needs of integrated navigation systems at sea[C]. Proceedings of the Aerospace Defence Sensing and Control
Proceedings of the 14th International Radar Symposium, (AeroSense) Conference, Orlando, FL, USA, 1997: 228-239.
Dresden, Germany, 2013: 270-275.

[11] WS, ZEwls, VPORER. A E SR R G BT mih ikooME: B3, 1983 4R, LA, WU O EIRAREE. S
WA REERIE]. BT 516 %, 2012, 34(5): A E /e O
1065-1069. HkfE: B, 1955 HA, B, HIFT ROV EGAEEL, 246K
Tian W L, Li G P, and Xu R Q. High frequency surface wave A A
radar antenna array alibration using automatic identification gkoA: B, 1963 4FAE, WESTLY, WEITIS ) g R IR A



