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Abstract : Maritime moving target tracking is a core technology for autonomous navigation and situational awareness of unmanned surface
vessels. LiDAR-based tracking in maritime environments faces three key challenges: clustering failure caused by sparse point clouds at
long range ,false detections from dynamic near-shore clutters, and velocity jumps induced by sensor noise. To address these issues, this
paper proposes a LIDAR-based maritime moving target tracking method integrating distance-adaptive clustering with multiple constraints.
First, exploiting the inverse-square law of LiDAR point cloud density with respect to range, a distance-adaptive density-based spatial
clustering of applications with noise ( DBSCAN) algorithm is designed,in which the neighborhood radius grows linearly and the minimum
core-point count decays exponentially with distance, resolving clustering failure under sparse long-range point clouds. Second, a
multimodal false-detection suppression mechanism is introduced, integrating motion direction consistency, velocity fluctuation analysis,
position jitter detection, and spatial isolation assessment to accurately filter dynamic near-shore interference. Third, a triple velocity
constraint framework combined with a dynamic track-revocation mechanism monitors velocity rationality at instantaneous ,raw,and average
timescales , suppressing abnormal velocity estimates caused by sensor noise. Finally,a distance-adaptive confirmation strategy is proposed,
applying differentiated confirmation conditions for near— and long-range targets to balance precision and detection sensitivity. Experiments
conducted in two real-world scenarios—a near-shore harbor and an open-water environment—demonstrate that the proposed method

achieves a multi-object tracking accuracy (MOTA) of 98.56% , precision of 100% , and multi-object tracking precision ( MOTP) of
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0. 41 m with zero false detections in the near-shore scenario, and maintains a MOTA of 94. 89% and Precision of 100% with zero ID

switches in the open-water scenario under ego-vessel motion. Ablation studies show that the distance-adaptive DBSCAN reduces false

detections by 653, and the spatial isolation module reduces false detections by 477 ,with Precision reaching 100% in both scenarios ,which

validates the stability and adaptability of the proposed method in complex maritime environments.
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RIS B HAR
3.1 SEEIREGIMEIHLE

RS T -5 S AR B X ) T iz B
M RWATT7 AR E HRE V-2 P Hel B2k, BT
T Jel FEJC % 5 F b 5 IR 5 T4 iz sl oy il 11526
AU S I 20 U i S 2 2, HAETE DL
BRI L, SR T — 25 ANz s 5 1
LR ENE UL 2SO 4 YR BT
i e FARHEAT 206 FIWT . 25 B8 B I s A 300 S
LT FTREER M K5 FAR SR A2 2 50 R L 4 )
TR A2 A e v TP AR A [R] of l fp ELS
FIARsi 4 S0 BAA R .

1) iz 375 [ — A . B AU T R R
R RRAE BOAL 1] , R T 1) AR P P2 5 T e 3 251
Yy B SZ EBRRAE, J7 [ A2 AR 20, AR SCil ad TR
3 3 S 3 R ] [ ) A% SR ARMLURE DA 7 o) — B

1
consistency = (W) 2 cos(0, ,.,) (27)
Vit Vi
c0s(0; .1) = (28)
' v (1w, |

Hr ) N 2 511500 A8 48 5B 1] & x4, Y
consistency Il 7B 7, , A& R 7 HRFL,

2) SR EE P SN FE A ] PN S AR A X
Rt T3 R B A T M 32 X7 52 e 22 LS b 7o) S B85 05 50
THIR R Ty 5 P 9 B T 2%

o= ()  lnl-2) (29)
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o, e, SR RE I S R AN A, N R PSR
o, HILEE 7, B, R A s R

3B RS, YR AL F AR TR
LR ) O 2 R B, T A e ) A R R T S
XFALETT RS p,y pyy oy ppl, VIR HA] S B AL
SOIELDFRE R B e SR SR Iy ) ) 6

Vi =P — Py, L = ‘ ‘Vune ‘ ‘ (30)

XFREAN RS p, (0= 2, -, k- 1) A HEH
LR, S p AHE LWESEKER .

. (P, —p)) * Vi
proj, =P e (31)
il N
proj;

Puoesi =P T I X Ve (32)
EEEE N,
dpé‘,rp,i = Hpi T P losest,i H (33)
A B Bh I B e SR BT ) 52 T R

1
Jpo» - k _ 2 x decrp,i (34)

4 ), A T, B FE A E PSS,

4) B e . ARG T LTRSS i X H AR
Jo vl Y ] 0 R B T RN A7 AR A 3 S H A 5
WM S 2N RES N RETE, REsiHH
PROLE pe JFREAE R, 10 TP 0 HE Al AT 200050
Bt

Nocigior = | T 11Dy = P | < Ry # target, hits; =
R (35)

Hrr ) b A SE R /N iR, B R
J AR5 T R K R P 58 2 S, A SR R B A 34 N 7Y
LB JEASE - 76T R X R (A A S R A B SN T
dyoe) > M U] BE AR G 25 £ A 0y S8 JE B EBR R R
Ny s TEFFRZK IR ( HAREE BN dy,,. ), M TR B
WO ABJE B RS N, B

Noer 1P < dy,.
N = (36)
Vs P 1= dy,,,

BN e > N B HE S 2854 X T DLad g,
TR W AE DR XA MR 285 4 T M R 8 0 0 [ B kit #
TR R E R R AR AR B R A M T R — 2 R
BEE A RSk, &S BUIE 1, PN, <
N e » FTFRZKISCR FH A% A 29 3
3.2 BEtREALEl

F R R R H AR S s E KNS iR A
SCHE MRS A S N AR IA TR, 2RI AN W] B H
briseit 22 AL R AR N S50 7RG B 1 5 R R 1 P

LA 1y, M DRE T B B 1) 53 5 B AL, 28 48 %0 30T B B D
TR ES F AR AR BN S5

H r<r
. near thresh
birth,, = { (37)
’ H =r
f T = Tiresh
Vieaws T < Tt
LS S (38)
far 9 T = Tihresh

Her H,, RIS B AR BB TR MU H, R
R B3 H AR B8 A I 5 WOV, Ve, 200 I R H
BRI BB TS B, 55 1 o0 o, o
B2, BAAR LR 1, B FaREE RS HIE N S8, Bk
ST [N JE LA B A2 Bl 25 1, DL AHRBR #1401 1) A6
WELs . B BANT 4, , BB DT b,
HEAMET v,,0
3.3 HERERARSIHEREHELE

FEAFNGAGAN 1] 56 BT , BRI 2R 40 75 B2 A vt [|) R 22
e BAR s BERAS . SRMTEOL TR B R TR T 5
SZWREARFE R, H b 570 (L 7R AR &R W) T B 7 AR L
RAYBEHLBEAS , JE T G B B A LR R, AR
IMUAZYT X g 2 B R AR B Al AR AE AR -
AR BRI, B B H AR R

R DA — ] 8, AR SCN 3 AN [ s ) R %o e
G PRPEBEAT 2 . I B S8 24 TR A R T O B B S B A 4
A 3 S R DT IRC 5 D5 4 ol B 2 AR S B ) o 1 N e it ids
FRUCEL, By 11 SRR P-4 B 2 oA H AR A B Box
IR BE AT A =T 29O AR FE, SR B A
M) 00 1 R M AR AR 2R I e Bl S AR AL R 2
UNERTSiZFE el

1) BRI B, MRS CHR B B, RS ek A
SR RTINS A A6 ) P B A R, X T T,
HHRE R p L =p. +v_ x Ar, WS 0RE
NP, BTN

C Ippl

implied A

Horft, po bW R v b b
RERE, Ar KRB R . 2 0, 0 > 10 o
DR 2 Z IV L , B 1 A% S M P 5 B0 S o S HG , x
F R UC I 54 B3k y Rl IR sh 14 ( exponential
moving average , EMA ) JIE 7 75 585 8 A 11

(39)

(Po —P prev )
= el 40
Y (40)
vﬁhvrcd = ( 1= B> X vpmv + B x vmvas (41>

Horp, v, 0 SRR BAGIN R E R B T [ 1 I 98
U0 ZR B0 ARk AR A Bh A5

B, vaeas ™ H > 8,
BZv 61 < vacas T Ve H$ 52 (42>
By, HAl
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Horb, 6, .6, A ASAUIRRE A9 0 R B R, AR Ak
TV ZUIRE SR /S B AE AP 3 IR | AR AP S SR R B M
AR i i L2 Bl SRS PRI T 1 R .

v
max,, instant
Vinal = Viliered X ( 7) s
|| vfillered ||

(43)
[V erea | > Vi instane
Viinal = Viiltered » oAt
2) BRI, RGEE TP Rt R A )
MR EER Y
total
T (44)

time

St JEREE FAR (r< 40 m) (01 ok B o,
W 0, I FBR(r 2 40 m) MG o, .
VSR A W B, o A 15 0 0 L

3) SR LT, [ T 24 (U
HORELIE | AR 2 Sk T AT (1 e

o le-pol_

- -

ot e, SRR B B R R, W
WL, R G A R R RO
5o, ML A N 1, IR (N 0)
S MR R AR B N, I, bR B L
FF A AL , 15 24 A% YT B s X B AL, S
AR A bR W T A A THA . HL A e I
TR IS I A T B R Gei ,

(45)

4 SKBEHRSH

4.1 EWNgE

SRS UE AR 7 0 AR RO A SCHE LSS VE AR
IR T RGeS

Wi 55 L B & R T3 s R A1) M2 ot

TR (126 28,200 m MBS, 10 Hz SR, M PR
0.2°) , BdEAbBEF-£5 % AMD RYZENO AbBESS  #fE R 55
4 Ubuntu 22. 04,ROS2 Humble, SC¥ 5 st P 1E R 2
JEE I T AR SR Sk X8 (] 2 R, Rviz2 %3k PR 0L ]

P2 SISk X P EE

Fig.2 The environment of the Jimei Lake wharf area

miE 3 R X A E B S R F RS Sk AR i
FWER I FOUER , e 2 A A fE I
BIPERE . MCRAE AR i R AR AR 09 )5 91 R AT
TAREE, A EMRFEA ( Ground Truth ZXHE4E )

3  Rviz2 ik IREAL

Fig.3 Rviz2 view of the wharf environment

RESHEEINR 1 R,

®1 RHSHLE

Table 1 Summary of system parameters

R SR L ¥ BUE
BB F3E i DBSCAN TSI £ 0.30 m
#H %5 [ 15 )% DBSCAN FAph R k, 0.045
P [ 15 )W DBSCAN AP 3ok o B ng 6
#EES H 1% DBSCAN ARt B R IR @ 0. 04
BH S F3E ) DBSCAN [GRRGEETIESN Ar 5.0m
SR IR/ RUER Mnin 5
B HR S UN; FV Mo 500
25 [ B2 X B b 225 A Tt 20
23 [ 2R i spread,,,  12.0 m
AR BN T ¥ 0.7
JEARZ A BRKIELCEIER)  aspect,,, 5.0
TR L KTELRIIE B K Rk, 0.01
Iy Tl —Eebk: 75 Tl — Btk B {E T con 0.70
WP E) T 35 B 1 T,  0.30 m/s
IDAEESD) 7 B3 3 Tiwer  0.35m
2% 1) I 5 23 [ P B 40 Fm 2 A2 Ricighbor ~ 15.0m
23 1) b 5 B/ TR AR dygore 40.0 m
23 [l S VR AR R BB Ve 3
25 [ b B FFRAKIBABEE R Nopen 0
Wt 3k i 243 Wi SR 1B Vinax instant 2+ 2 M/
TR LR EREESFIE ER Ve 1.5 m/s
S35 2 TR TEIEESEE FIR v e 2.2 W/
A B 2B Ny 2
PR [ 3 A IR VN T Hor 7 i
i SRrIATHIN 372 B S A A sk Hy,, 5
HE B A A A TG 3T S 3 I A Tthresh 40 m
PEES [ & A F/NBRIE i 0.35m
HEES A & R I e DR B Pnove 4 it
B A A A /N R Vi 0.05 m/s
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B SHIBUEAEN LT .

1) FELBIREAR £,=0.30 m

M2 B R ER A =0.2°=0.003 49 rad , 7£
VR RS r=5 m AL S AIEE N d=r - AG =0.017 m, /N
M ESEE270.5~1.0 m,e,=0.30 m 25 8/ H A5 98
JEE I —2F B O30 B B B AR R0 1 55 2 RE 78 A AR
[IH 78 36 29 17 A A5 18] 5, 06 2 O B B A% 0 5 ) 8

2) AR ARk, =0. 045

A2 (7) AT, o R B B R e v kDS )
HER AR 7 IE H 56 & D4R 3 — Bony 5 7 3580 i—; =

0085 \3 Bfe i r i, ABIRKAR o () B2

0. 003 49
134~ 5 (AN, 5530 R 2 0 7 55 LU 45— 350, AR IE 4 0 25 Y
AT I 211

3) MR B 7, =0.30 m/s

PBEFOGTE TR AR 5T 5 A0 1% 22 HAR Ry 5 1) {1 g 7 e
FEBRERE R o, o HERZEAERE  AH SR M BE Al 1106 75 1Y
BRfEZER .
2 . T o

At

M2BOGTR IR FE 2 (< 50 m) A5 Cr 28 0 2 24
N o, ~0.02 m, Wi Ar=0.1s,fCATH o, ~0.28 m/s,
DY 7, 650000 7, >0, LLBE SR % R M 7 158
ST B 7, =0.30 m/s=1. 070, , 7E ] M P 358 fih
F4) ) B e S50 0 Bl R R RURR

4) P ER N 7, =0.35 m

i 1k bR 32 8 o M P R 5O 200l 5 A ¢ 0 i
A HEEANE ), ]~0,,=0.02m, 7, =
0.35 m 29 W75 HABEAE 149 17 1%, B LA 245600500 I 25 A
i A AR KT A i % i uE AR S AR R
G (MAIE 0.5~2.0 m) 5 1% 2 1 75 5] /Y i)
¥,

5) Wi/ -1y B F R Dy instam = 2+ 2 M/, 0, =
L5m/s,0,, o= 2.2 m/s

SEU6 F AR IR KT 2R 2. 57 m/s,, BRAHEE R
2.2 m/s, A 20 14% 4 i LA ZS VA B0 3 BE A i
2=, R BT BREUCE A1 1.5 m/s, BT e
B DR BT v ARG T T AT A BRI R g — 2B
MR P B 5 S BE B T 2 2. 2 /s, LA IR I &
O A TR K L

6) UL/ FF WF K W 43 A d,,,. =40 m, i I 7B 4 Bt
Tiess =40 m

AE SRS K 5230 K B 40 m SR a2k R i i R B 4%
DAL R 43 55,40 m LL PN ) SR 30 5 X3, 3 R 48 0 A

14 2 [R] o 125 249 R BT A B B TA 2% AR 540 m LASIMRL
FERE K SR, & F 0™ A% 1 25 T B 2 R A 58 A 19 T
FF

7) i/ S IAWCE H,,, =7 ,H,,, =5

LA 10 Hz JH0BRTE, 7 WX 0.7 s, H AR DL gAY
183 v=0.5 m/s 7B LFEH 0.5%0.7 =0.35 m=
d s TIPS J2 SR/ N 24 R PRI T R S 8 DA B H A
E 77 A TR I Y LS GE Bl I B TR R IR 5 T
(0.5 s) 2 A B A A By ANEGSE , A T3 20K 7 it
2L A T AR ) T A, 35 Y 75T N S5 1 DL 4R R i B
BRI

8) HARLibrE 8k

ny=6(BIATHIEE) A =0.04(CFIWH) n,, =5,
Mo =500 (BB (N, =3 N, =0(4BEE LI &
FBMAL UGS H T Rm g sh Bis i s gt
FRPEEA TR E
4.2 TFMIER

R TR SCREMERE R 2 H AR IRER AN R R
(clear multi-object tracking, CLEAR MOT) *of B B PR fE S
F7VPAli . CLEAR MOT P14 & 1 Bernardin %52 $2111
& H T2 H AR B U )12 2R T ARE Y, 2 2558
FHUCHC R A R4 A B Oy V48 4 S AR CAZ O
Fabn B A AT

2 B b5 B B ME# BE ( multi-object tracking accuracy,
MOTA) , ZEa 4648, e it MAEA (ground truth, GT) HH A
(false negative, FN) (1% 4; (false positive , FP') Fll [7] — R &
Hirgm = P4 (ID switches, IDSW) B9 5 kb

MOTA=1—FN+FP+IDSW (46)

GT

Z H br IR Bk R ( multi-object tracking precision,

MOTP) , 2 WL EVEC i) H Ar A Al A PS4

2, A0

c
Lt

Hor d(iye) NE e WP EE i A BN VEC H AR B
R (BPE %L B B S Ground Truth $0E £ AU bR
HERLE Z BB BT ) , ¢, M5B ¢« Wrh s UC B Y H bR 4k
i, MOTP {EB/)N, LR E SRS LB

K158 ( Precision ) 58 M3 ( Recall ) , 435 #7112 46
RS KN, HE S

MOTP = (47)

. TP
Precision = ———
TP + FP
P (48)
Recall = ——
TP + FN

o IEAA A %K (true positive, TP) Ay 5% D A6 U 3
IERR VLY HAREL,
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F1 5O RS54 BRI A T2 6 0F
AR P BE .
Precision X Recall

F1=2x — (49)
Precision + Recall

ID Switches : G831 [/ — H AR 75 B R i 72 H 9 73 e 1
AN ID AUE, T R R B i et 7RI B,
Wi U B B T L B 4 R A N AR L 1D
AR B 1D Yl 23 R PSR R Gext H bR B 77 A
TR, PR R 2Bt 51 L IR A

3 5 IS b 4% w] L MOTA i 18 88 1 25 45 %
2% MOTP £ 4 %€ 1 K & , Precision/Recall 43 5l i & P11
WA S PR RE ST, F1 £ V-8 — 3%, 1D Switches % 17]
G IR S | T 3[R BOR RV 1 8 1 4 T T
itk % .

4.3 HBhCIE

1) ST 5008

Ry 3 BT AR SR I 5 9 v A AR R e 2N ROCR 1Y
SO, SR 9 AR VA R I A SR g, S X A
KRS P S0 fe B4 1Y) 3 AR BE B H & BV DBSCAN |
23 (] B 2 1 i 5 32 5 2 A T4 ( Dynamic Clutter ) 1) ]
BUH ., BEXSIX 3 A 45 5 T — 41T v BR S8  1
—AE PR e LR R BN AE 1Y 05 =X, B A VR AR
AR AL TR . AL SERE TT RAY 4 AN IR SIEG 4
2 PR,

®2 HBRSKIRT

Table 2 Ablation experiment design

B S B IR S

S DBSCAN I R/ sall] FH
A v \ Y SEH I I

Full (5256 A) 48 B A SRR A A% 8 58 B 7 1%, w/o
Adaptive DBSCAN( SZ 5% B) W75 R KB 240 & 1 & &
n,., w/o Spatial Isolation ( 5255 C) $8 A FH 2 (6] B 25 45
e w/0 Dynamic Clutter( SZ5: D) FEANME T F sh & T3
Pk s

2) SLEGE R S b

K34 R T 4 AIHASEIR B SE BEEREXT EE . A
HAKVERER B, A SCIR K] 98.56% 9 MOTA, 523 T 0

PRK(FP=0) ATRAS 2 Wi ( FN=2) , &30 A 5 0 BR i
PERE

Table 3 Ablation experiment results data

. MOTA/ Precision/ Recall/ F1/ MOTP/
ik % % % %) m
A 98. 56 100. 00 98. 56 99. 28 0.41
B -17.99 39.50 33.81 36.43 10. 13
C -546. 04 13.19 97. 84 23.25 5.10
D 99. 21 100. 00 99.21 99. 60 9. 86

&4 HRELSKIE TP/FP/FN it
Table 4 TP/FP/FN statistics for the ablation experiment

ik TP FP FN
A 137 0 2
B 10 72 92
C 5 895 3
D 125 0 1

B SZE R MOTA B2 -17.99% , 1 BEEAL 3 H 2
AN DBSCAN 192500 3 W BB J5 T K6 v ik 92 i
(FN=92) , A M5 5N 2 ({33, 81% ) , [T iRk 3 %
T2AN(FP=72) , X EPIE T [ % 2 500 i B B T vk e R
Wb 2, 38 R IR G 5 76 30 8 D0 ) 7 A a4 )l
A9l kR,

C S8 MOTA K —546. 04% . A% .0 0] 02 7= A
TR IRKE (FP = 895) , A i % il 2] 13.19% . 4R
i, H A3 M E 5k 97. 84% (TP = 136, [ 3 i) , $ &
W TR vE . XRM L AR s ER EES R
Xt dh s o U, JLT A h S R (A
S R S S BRI AR ) EBIIA T ERER S

D 5256 MOTA (99.21% ) #1 F1 43485 (99. 60% ) #
BB 3 F o B vk O O e A I8 1 AN (FN=1)
{RJEIE AR T 12 4~ (TP M 137 BEZE 125) , [
B, MOTP M 0. 41 m %ALZE 9.86 m, XU EEIAT
e R I AR B ik 3 b T} Bl 45 AR T i BR B L, (R
— LR BRHAE AN B AR LS A R ARt T e Rk, %
B AR o — ok B 55 5 R PR A AL 25

CRATHR LG 25 5 AR SO IR AR SRR IR T 3
F OB BRI VE FH - 6 B8 E & B DBSCAN fi ke 17 i =
2 AR ) R, 2 ] Bl 0 I A e T B AR SR I R
UL A T A A B e 4 2 3 s R AR T A AN
bk,
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4.4 SHAFHEXLEIE

h 2 B SO B A O 5 VA R Y TR
JE KR LA SR M ST RO E A A L B AR I S
BRI 7k (9296 E) LR T AR [F] 04 S 59037 5 T #0475 BEx
P (e 5 Jim ) o %07 ik LT T A AR A Sy LAl 3 2o
195 B ZE DR AN ) B IR T 40, 45 Tk HILS (19 DBSCAN 2R
H H AR, IRk 2 5 B ER ( multiple hypothesis
tracking, MHT) 52 1% H A5 OCHE 5 BRER , 76 P ilOK 3837 5= F
HARIFHIRERE ™,

x5 SRFEFAEMNELIRER
Table 5 Comparative experimental results with

existing methods

_ MOTA/  Precision/ Recall/ F1/ MOTP/
DIRZS FP  FN
% % % % m
A 98.56 100.00  98.56 99.28 0.4l 0 2

E  -931.65 3.91 39.57 7.12  15.61 1350 84

Xif FLA SRR R R A R e AR SCHY I R Sk
Zedg e R fE ™ B 1B 4k, MOTA F& % -931. 65% ,FP =ik
1 350 4~ KEBARAL 3. 91% , HARAS JF HAE T % 07 A
A e B 22 B (h=0. 15 m) BEATUE I, Tk X 4 S8 sh g
K SRS S B R 2 225 S 800G B Tk
YRR IR EE H bR, te4h, H MOTP 34 15. 61 m, ¥t H]
R DC Jc A% ) ) B b 5 7 12 25 Bk, s et 1 28 24K
RERM AR E TR T REREAL, HILZ
AR S 3 sk s T B i RN A R A R AL
Bi FP #5125 0, MOTA ik 98. 56% ,MOTP 1 0. 41 m , 7 [A]
— WA E WS T WX L ik M RE

SRS UEAR SCH7 A AN () 0 DL PR S I 1438 L 1, A
SRS s 1 3 s b b b e T K b B S
Bk, WIS BAnor i SIS TR AR AR 7E 0 3
5 R R HAREE B E P E 10~40 m, %
R, FETHOR A RIIRIR S J#5; FF EK I s AN S
HARM AL Tz IR A, H AR B 7E 40 ~80 m Z[A], &3
=, Wi E BIEAGERINE 6 Fi

MR 6 A] Hl, i % 5 T Precision 3 ik 100% , ID
Switch ¥k 0, R W RGAET 5 52 2% T PRI AT [ 7K 3k
1B SRR T RSB RS S M kAR e BRI . T R Ak R
MOTA (94. 89% ) B A% T 3% /7 3 5% (98. 56% ) , F K & i
P ARG o R BB Wi A (FN=7) , X 52 {18
PRI 7E 2 B B R FH 5 Wik 1] BR G 5 1 1 —
., MOTP M 0.41 m % 1.79 m, 2k T 1E B 5 =
DENMKEERN AR TR, 5 LRI N, 226 W
Y 5 R AR SOl e AR R K 38k 4614 R 3 R P R 1Y
T NS R

F6 IH=IRERMEREXTLL
Table 6 Tracking performance comparison

across two scenarios

EiEg 2 TR 5t FF Rk 5
AT 137 137
MOTA/% 98.56 94. 89

Precision/% 100. 00 100. 00
Recall/% 98.56 94. 89
MOTP/m 0.41 1.79
ID Switch 0 0

FP 0 0
FN 2 7
5 45 it

A SCEF RO B IR A2 b B T 4 T S
RN 55 3T I Bh 285 P 1R ARG AR 5 Ik A 5 S Rk e
P T MRS R HE N RIS 2 E AR RE B R
Tk, WHEEH F B SR

1) FETFHOCTR IR M 2 % 8 il B AR P2 0 R
38 W DBSCAN 53, i i 4B b2 42 bt 15 2 1k i A
TRURIAZ U 5 BB B 5 i 00 Dl AR 78 ) SIZER X 10 ~ 100 m
Y1 T PN 2 % B AR AR R A A5 1 3 N, i e T A S [ S
B AR B R AL [

2) it T RS 4 WA R Y 2 BES R I LE
11z 7 1 — Bk R AT R Sl R A s ]
B 25 3 (R 2 S SN T e 3D 2 T4 W 1o v
PO 5208 AR RGBT R

3) b — R A R HE AR S A AL . AR
PRI SEYHEE A 3 N2 R X I e A B
AT WA, IFaE A v o A A A o sl A, R R
G XA [ W s R AR T A R

4) R IR R A IS Y H bR A SR W, 6T B S R
FH S H AR T 22 A B A S5 1, A RO Bis if ik 5 R
T 7 TR, W, RGN 5B N AT

FEIT S 115 T R 7K S5k 9 265 8l 780 36 v 3 5 1 S0 50
ARSI R SE I T F R K (Precision 100% ) 5% 1D
Pl T35 MOTA 35 98. 56% , JT W 7K 38,37 5 MOTA
ik 94. 89% , R B 7 AR B AE FE S sl ik . T Al
DL T B RN - S SR E UV
DBSCAN ¥4 Precision M 39. 50% $#2 7 2 100% , 25 [v] @ 25
PO FP O 895 [ 2 0, RAAES LI 275 50 A MR
P4 T BRI S  M AR iz sh AR R eh R B
FE IR T 7 AR LS PR P A S AL
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