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A Survey of Marine Target Detection Based on Sensor Fusion *
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Abstract: Object detection technology is an image segmentation based on objects’ geometric and statistical features . My
country has a vast marine field and rich marine resources, and it is of far-reaching significance to carry out research on
marine target detection. The marine target detection method based on sensor fusion efficiently monitors marine traffic and
maintains marine rights and interests. This paper first presents the research significance of sensor fusion detection and
the challenges in this field and then summarizes three sensor fusion methods, including the multi-radar fusion detection
method, multi-camera fusion detection method, and camera-radar fusion detection method; The detection effects of these
fusion methods in different scenarios are introduced, and the limitations of these fusion methods are introduced. At the
same time, the future development direction of sensor fusion in marine target detection prospected, Such as the improvement
of the anti-interference ability of detection information transmission at sea, the optimization of multi-target detection
performance, and the application of deep learning in sensor fusion detection.
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HARKIEARS T Z BTS2 R 5. ASCEECE - B s
SN/ 1B WNG  €{SF A S EE 7y 21 Rl SN S = PR o211 E % RS = Ry oall v S 85 NG 3. 13 1

* R HIRRRF R A I LI R T RETEAAR A R A I ] A RERUR T R A SR ] SR (51876114), I HTRMERARZ: B &% B H
R T AR BRI TARBORAFZE 0 (19DZ2254800)
* * F-mail : 2239470634@ qqt. com; Tel: 17355061884

www. globesct. com 55 189 BT



MEmig SR

S+ RUABAED KA

2023 4F 4 H

Ps i A AT TE AR K SR
W R AR —

i L ARSI EOR 25 B T RIS R A A2
T UIRESCELE H Y, BRI T b A ARSI
SER RPN AR B g , T8 3 XA R 26 L ) A AR A T
GRS e ol NS WSS R 7 il Ry
AR FETAL AR B9 L FARASIN 5k AT UA
ANOHLAE =F: 1) ZE IR R H AR,
15,2) ZAAPL CRLSEAL IR ) RS B L H A
Jrik,3) MHLER Ik El A e L FARKEIN 7%
Hh Z ARG BRI A AL 2O IR RS

K™, SOl T ik 5 o D A A AR

ZARDLRS ARSI v AR AR S i £
D AL B A B TR AR S AL
TR BRI SR I 77 15 3 SRR = i AR [
EL7T i o R

A SEA T T b ARG 7 v T I 4 )
BSHR, BB VN T SRR 2 AR LR
AU BAHLE ISR = R TS R i
H RGN )7, FLABS M T 3 JLAN 7 B4 I
JRBRAE AT T AL RS A B AR A7 R — 2
FEPEINI, 4 HoAR R i 2

1 @ LBl AR RS HkE

R EE axivalllP s v sty (oY A - 2 i)
&, AT C A Y L B AR T i A7 AR — L )
EPb, A LU A5

1) i EIMER S 2%

g IR IR 2, He— SRR B A 1
SR E ARG 10 2= 55 B AR T AL e A% s
RAE BT A IR SR T R 45 X JE
RSP TR AR . 2K A Bz shin %
AR LA K 1755 ] B PSR S e I i) 3

%5190 71

Yy BRG4GB —28 N AR sl ik H brks
T PRI, [ 52 2 () R A P T Rk
IS0 i 2 DX g ) 23, BT — 253 A H Ak
ISR DRSS 4

2) i 42 B ARAIHTER

X b AR TR DN 2 & AT HAR S
BPFRR AR, — 7 i b H st T B B iis g
a3 i T RHES MR T A B 23S, NNt —
AR GRS B B AR R B, 75— 7 e
TR ITTEF 3 H U ShEE R 175 SR i,

2 ZiRRSERMARE BRI

2.1 SEFEBEWRNTE
2.1.1 2FEREAL

T IR HBR R I AR i) E AR g 2 —,
TIRTE BB ] 7 O TR K R IR
TR L R AR Tk
Rl JERRN 2R G X AR 04 ) FE s L AT b H AR
M 25 T o Lin 251516 0K 1
BRMEEEHTE AR A PN EOCE IS H
IRl ZR GENT B SR G A T ARG S e, R
BRRZE/NT 10% LA O TR I5 L A I A
WERARED T 8%, Stateczny 25 £ X T AIK I 42
WiRenE F R, 42 RO TR IR 5 2K TR A
FlG BRI 5 12, REAS A S0R B K PR AT g
RN LS AR Y)

ZWOLT IR AR ST i 4G AT IA
B EOC TR B AT, 4G SRR
TN B8, 46 FAEOEHE A T A
FETENERE BIDUARZS AL , 1228 B 0 WOGERI 7K -
e F LA AR R E o Oy SR Y, R B A
FUIN, H i R AR T A A BB B Y FARIR R LA
IREEA, EHEBot s F LTI T

www. globesci. com



2023 4F 4 H

HR#UBME D KA

R B AR AR, 7T LS4 6 44
REZERE NSRBI LT, S B0 B wRh i 43
AIERERCR, R T B i H g R, ik
S RGT FR AR 2%

L T ISR T BRI T TN RS
ARG B FRASEERS . X THOLE R
FEFFHLRTRR ZEHEAT F A2, QR4 0 8k
I, B A5 TE 7 Fa 3, 2R 40 BV A] S SRe 85 0 A
FBI ) 25 S RS R5C , AR OB A e 7

1,1 IR R, 75T 58 S = 1 R ST
SO RN EN 7 ) 152 e B A2 sE,
TAE A 3 AR, TR IR & IR IR is
VE ;4 SR kR UAIL, 17 538 155 A T AR 3
B S L, T Mg NG 4515 56 T
BL, TR AR B A (5 B ST TR
Z ISR I 2 PR .

I:l
(AN

Ber R
Fig. 1 Connection Diagram of Multiple Lidar Devices
2.1.2 BBAIZE B AN
T SRR B A E A USRI T
RN PAT EAR B i HARfE R . 7ERIR
bR, B RS TEGY KA A
JUATAS T S A B 5 70 RUR R EE AL BT A ey 3 2 %)

1 ZPOLHEIX

[26]

TG TAL A

PR TIE I 2 W RANR 381, 7 DL UE T ik
AR EE B DRI RIS . o IR AT
—ERE R RIAL B, A BT PR IR R (E
S X FURRIEA TR 2 ] 3 RN
BAL IR AR

www. globesct. com

| 4G 2 S

B2 ZHEINEEREL B
Fig.2 Multi-radar Data Acquisition and

Processing Flow

iH

= H *T N

-

K& i ab 2

A

3 THIAEMG AL AR K
Fig.3 Flow Chart of Radar Image Processing

TR EUG AL FEAS o3 440  T i ISRl A RN &
i, IR RGN R G T LAXS R [ E bR
FT AR SERE IR AR LEX o 1 R GEAEHRI ] i
AN TR ) B AR, 52 8006 1 F AR RS
WAL/ TR P IR 15 28 EAT — S B B Y 2 i g
HLA% RLAFIOME F AR BE JT. Nguyen 250 64 R
[Fi) T S5 0T LT H AR ARSI R T —Fh 3D BIA R
G5 AL A AU B T8 25 IR 58 IX Sl )
FLAFRHLE], R0 Bk 7 & 78 - Bt 1F 2
WTEROE . Li 20V B 2 B B R R I T AR
At N Bt T —FEr

iy s Bl Ik
;2 0nE I I 2 A ARG P I R T B

5191 7L



MEmig SR

HRUABAED LA

2023 4F 4 H

Fzh AR, X it AR B Pk 1T 2 B B
BRI, P 1IN R G/ N H A 1 AG: DU
PERE, HAEM 4% 1 16.7 s, (HE KRG R WAT
TEA R, T IR E S T H AR IR ],
X B P ECR AT 2 2 1 I R B — )
A HR B IR W A AR, A2 REE B
PRl X S TR o T ARG RGeS B0
D4R H bR B A BRI R Ry 5 % el i v 2 TR
IR YA FH 0 AN e e 4 v IR AR i A% 45 R AR 52,
W2 BN Z RTINS B T4k
2.2 ZENBERREN X

FHEL T 7535, AHPLI ECERE I & AR i,
H A A RER . AEHLEIEE R R T shi e
HOR  NTF BRI AR 2 S AT nT LA
Kt el AR TR A TS B AR AR R R IE S
J3 , ABBLAT ISR AN R HAR I RHE SO E 2, 5 T
AIRRARASHI , 7355 NI 28

H T AP B A 2R R T, R I S — 4
BLLEXT B AR A TR A7 — 2 i sE A,
A o SR AR IR 5 BRI B AR B FP S, DT 23
EORFN T X 2 APL B A, ]
FRENH T A ki, BERSAR 4 Y v Ak B — A AL AR
HUfs BN SERE BT P2 R B Rofallski 452 40t
N T IR A W SR & 1 —Fp = AEMLAL &
Rl R 45, 12 2 Geam b 0k H bR A 7485 I & A0 43
Mr B AR 2 458 0 IR i Bl i T b B, 5 il
THMLK R ZEERE 155 AARPLRE(R BN 2 TH
I AL, SEIN K T PAAE BEEBEREE . Rao
SR T H R BRI RS T —Fh 2

BN T7 it iz 2 F s sei S BRER R ¢ 5

XA GBS AR B AL R R R F R Y SR AR AZ A
SR P BRI ek 3 A K AR AR TR
H SR, S 1AL SE F AR ARG EE AL

5192 71

TR B RS MR T S (ERRIARBLA H
e 22 W) X 7 ) 509 X I 8 o 3 o A AL
REHEAAH R, T2 IIX — e W BT SR — A LA
BRI AR, R ZAALIE T b 2278 (Y IR PRI
B AR A REAR I ) I B DR R 7 A iR 92, B
JEFERIHLR A3 1 P Ao 1 1 S [RIARBIL A i 2 st
[6] , FIAS [RIAR AL A B 5008 S 106 vl S ) Ao 37 28
IR ZARDLEL G R G RIFE .. Kulathunga
A LSRR I ARBILR I | bRAGI 46 i
T RS RGOV G % G REB R 52
ZARBLEL S R HSEBr RIS 2%, I 4 1%
7 3 i AR S B P . Khan 257 1465 2 4
WU, AR IS A (0 AR 12 B i 1 3
S 5 ERRASI 8 R T 1% R TE S RO
AT BIHEE

ARG | | FERLA 25 8 | b 73 | [ e P A
v

==

L[] L

B4 ZHPLESRGE
Fig.4 Multi-camera Fusion System "3

2.3 FIXEYMEL SN T E

e ELIN Sy sl SIE A F v e oAl E P S R
AR B K AR5 P 3 3K 0 A 2 e 2R A A
B A L iR 22 B A 3 R ok g A g 2 £ RN
FRAE B AR A , o nT A5 IR 2 AHMLAE = 25 55
AFNRA N HMELLEH AL &S
2.3.1 ATEFALARESGRY

1N AME A R RE I 25 G LUXE, R 2
1R ISR G B ZRG HXF, 3R 3 M BARRY LRGSR

]

www. globesci. com



2023 4F 4 H

HR#UBME D KA

MEanig SR

Jiikorre ATLUEDULAY K B 5 S AR LA R 5 07

IEBIRRCR B T 2N Z R IAR A Tk

x 1 MGEERLRERTTE
Tab.1 Comprehensive Comparison of Sensors
1L IR RS Hik FHAL
JRA(TT) 5000 ~ 200000 1000 ~ 20000
RIMFE S (m) 50 ~ 200 0.5 ~ 200
PR AEEC) 15 ~ 360 10 ~ 120
R R ag th
7SS h 4
PRI R 2 4 oL
SR i 4f
SR [3g 2%
IR % 4
Pikh RS 4 %

2.3.2 R TEFRA S ARIEREG B ARER K

IS S AHLEVER A ARG HIREE 25 A 1228
FORBAW A FE T A ) T 78 1991 4%, 5
P A R B A Bk, IRt DA MR84S

FEARIRATHI ARG —FE TAE. 203 10 1%

FHE B IS R4 4815 TR 2010 4EARE DT 1

R, B 0 T 408 DR A 4218 e b A Bl . Bl

BZTIIAWET KR, 7T L& AL AR 5 &
x2 AGBIRRE TR

Tab.2 Comparison of Sensor Fusion Methods

il i S B a1 N 2 3

ﬁ/f W%E TEHMN Epmol

s g VA R

EER e UNGATYNAS S
WESWE gy o s 00
HAEAN[A]

N DASRIRES ALY
G B> FERE AT L)
ROFREE R A BR AR
JUREELEA FHEEYS
e ae i R TR
MRS e
YA g
fE75 Bk
PR T

HABL - ARBL BT BEAAE

AL RS
PR 2,
a1 o

b Ty EVE
\ R
g %ﬁﬂ‘

i)
1
il

Mk - APl BETE R

k!
\3

&3 JLAMCERITIE T

Tab.3 Analysis of Several Representative Methods

e A1 TSR % ) b AT
Pt L L

MODT B S istigs R §7.80 ol etz T A SRR
T

e SRR M TAEEGE 0y

2SI s b 98.77 PABIRIE AR etria g DTSRRI
SRHF T ®

PRI AT HB 5 ORI 1 T A S

Bk ERABTET 8870 SR A RAT B IR
ik SRR i

CenterFusion Xof i 32 38 A 7 T EE 51,04 HA BT LAAEARS IR SRR XG0 B S 2 v

Jrig o : RIS TE: JE4
AT A

BERRRRIT g A1t or.s0  HOPEAREREON g

RoDNet HHEFHRKY e oo o GRS R T AT

UEE RS 00 mmkEREY L ot

— AR ROHE R RIRE Fy 7

rtiop ot {NRE I 96.60  SEHEGNIE AL B Bl SR

N = ﬁ[é

www. globesct. com 55 193 5L



MEmig SR

+RBEMED LA

2023 4F 4 H

AR AR FIRERY, B TAHPLS AR A AR
P, AR A 2 A R AR A ARG B2 AT 55
Sy TR, DAL 258 T AT
B RESUE, B e 5 AR R AR 2K,
T 155 KA RS 2 KA T R EUNER
RAEDH o T IR AR S A LA, ] 1
R SEARAE 25 KA g TRk (2%
FLARIN S IR ) e o B i WY, A IR
HUB 12 T AR B R R LAY S i 67 B s 8
FJ5 1] BT 1999 4F i M BR80T — #3051 A%
B, SR A TG I I RE , B T IR B
BEAR, PR R, A A bR P B A RAFRY
TAERES) FLABNS sl 45 KR g > {4k
B B AR BRI S A AR AT R
ZEff BET UL, A IR S ARPLAYRLS, AT LIAEANTR]
RIS HESR T 45 7R I AL 14 R B D03, T
BRI R R RS e R S HESR A5
HENTE IS B SR R Z AL, (B R, 2 Rl
B R G RSE NS P SRS 2E A T IR 1R R s [R5 2
(R A IR E IR A A L I,
—FN TR R R S A AE R [ — L
N SNEAARBITTE Tk
VROl O PP e A Bl Ay
VEXS TR ISADLR & o DRSRGR S R  R 5 1R
15 S U, TR T R RS AN [ A A5 T I 3145
ARG SR, Tt i) S AL R R o P A
AR B BRSBTS TSR A S
F AR XA I [R) 25K AR IV ) 2 IR T B A
TR, A R AT, FEA PR R A TR H
Pro fRRRS ARG 5 Fs.

3 fRREREAG RORITT AT bE
1o 2 P A A 1038 LR B R

55194 71

G o]

S A\ 4
i At Y13 F b
Orfi s, 132 F b7
i, i) SRR

B 5 (ZERA R

Fig.5 Schematic Diagram of Information Fusion #’

A T WA LR . LR ERERN AL H
ATl AL ARl J7 . Jungwook 254y
T — R TR A SO T IR RS BRLE T RR,
HERGI AR E AR 6 Frn. e T i kb
71K (Furuno FAR-2117) #1 3D 0O 5 35 ( Velody
HDL-32E ), 7 800 KN REAXGHAT Hbntail, {2
TG S AR 5 B A AL AT 4, B[] [
A 53 (R[] A5 Rl G O s 2 2 L RS 1, AN
B REBITWIITEH IR ER AR R, WATE G H/)
Al A SRR FH

D. Hermann %5 $8 7 —Fh 55 32k A ALY
TR IR G RN, i — DA 8 T % IR I 4t
T LIRS AL S A DR R i )i 14730
MRS . IR 7 iR, kR RS
i B A SR R IR ) (7 N S UG I Al A T
AR A P, — o A P 7K S U ) FH A B 1
B M RERR AR A It , IR FH S I
i SR TR A LT A B A , 7 SR 0 A W
JRAS LR N TS B G . 2ROHEER W,
FHE RIS LA A g il 04 T 1% et )

www. globesci. com



2023 4F 4 H

HR#UBME D KA

MEanig SR

H IS RO
EI’J H br iR 5
s

SE LI 7

PRERITUR PRER R B
PRI FHK A LB

fERA N BRI

K&
T BRER
IR PR R

W SR AL E AN E m% B (8] i 1 52 1k
R HUE E FoAIARIETH

Bo Hintiyitk
Fig.6 Flowchart of Target Detection

PRI 26T o A a
A
HL o i3 R LT
\ 4 >
ol FEEH R > E%E%W

7 RVEEIERRRE
Fig.7 Flow Chart of Fusion Algorithm
H bR T IRER , MRS 2 0 4 , il G A 80k
DN TR 175 K (5 50 H ARG I )4 1 3R 22
PRI, A IR ST 25 1]

FE 2017 4F, [5 P _ I 52 38 K27 1 28+ A
BB TR TR R ML R R4
PRI T A . T A A
fr LHET TIFATIPAL R T — R bRl AR 5230
WO AT HARPLAY(E B A A&l 8 R,
FIFH 5 38 5 AL S35 R SR AR T I SR AR Ak 3
Jei 1 GV T S5 A ML A 7B 23 [R1 26, W B A 4G
00 380 P4 75 e 1% 5 S ) AL ( Support Vector
Machine, SVM ) 732 & RO dnb 5 P A 0 235 SR
B, QRGN 55— B, B E R A A H AR A

www. globesct. com

i, 75 D0 EE TR RUAH MUK P U0 EE B2 10 T, 252

F RGO E 1 F ik HFR S SVM 432888 E 17 Lot
WA T 5 Wi S A 45 SR AR W 4, T mf
Wi BAs M REIRER HAn. AN DL L g 4y
ANFEAE TG ZEXT T — Wi R AT W7, [ As
FEZ T X BAREIEZ 5 R T R R 2 80k
X HBRH#EATERER , AEALSE A bR T AR LR B
SRR Z T A M AR A i
BT PG 3 R MR T 3K 95. 68% . (HIRIZ RS
A RIORG I P 85 2 20 K, T 3509 SRR et ] ]
A W 8 R FH R, R A el Y R o
e E e e A Re ek

HIk-HIHL L VCHE -l B b5 A

JHT 2 442 05 30 - — =
At LA L | (2]
S ETRH]
e
8 AR

Fig.8 Flow Chart of Fusion Algorithm "7]

KT AR AR il 5 BRI LA 2R 4
AR B LR R I A 7 S I ARk
TR R E 1Y F AT A P A BBk S —Pkge
VASEAG K D A TR Rl 5 B A s Bl
ER AR AN SIZi I /N B = o | s eSS )
FHICHIE A o S5 Sk AT AR HCA 90 ] L o T
B, LA X TSR 1 0 B ANAR B A H A 2
Xto DR IA AR, S s M2 PR O SEBR IR E 1
AR ) T B AR RS, B, X R
BAFAKBEAR . 5B SR LIBOG TR I 2Kk
IR I RAEEL %O R R RS ORI
N RTINS A ] 00 S A £
Wi, IR Z A RIS | AZKRBFOLHFEOR  Be A
ANFIREPEREAT /AT AT . 42 1 I AIRE ) BT

55195 7L



MEmig SR

S+ RUABAED KA

2023 4F 4 H

I, ST RECEAYSEBUAS, Rl AR R 2 2% Bl
SRR T RIS N MRS 2 3t A i o (e e

RS AL T A A TRl S (3t 1 — S AT E R -

P T S R B A R AR L 4R
% PRRPN J7 i AR T 1 v IR A% St SR A7 A=
() ) A AR A e T AR RE 1 5 A3
Park 454 1 Xt AN [7] 2 0 4% TR s e 1 A 14 92
[ D — B TRl Y AR Ok 0y
RS A BOH AL S IR B A R R
2% ;5 Mendez 25 O S AHE GG R G 0% K
SRUE IS ) B (0] 5 3 2 1 i TRk A 2
BATCIRAE AR SR AR S 2 il S A
HEAT I E8 N GARAR IR TRl B BEARRCR . B
Heidio ARIRARRLA SR AN E A A B

FATLAR B, Toit e 4 AR s il & HoR I8 72
P RS HOR  #R R A S R SRR R Ml 2R H
NINEh L7/t G SR UN (e £ Ge W B W AUie
IO FH A S B B AR — 8 . (HiX R[]
14 72 40 S o AR BB AR R AR EL PR Y, AN TR I
(B RAE VR 22 07 TR AN TR 9] G ] 43 |
Btk AU 55, S 15 2 8 S s A
FH 2 B AR AR R AL 1) 2R M A DR 3, 258
it EEAEAS [A] LA AT ] B 5%, T S i 4k
X IR A0 AW MARAS 38T R R LA
14 PRIME

4 BEHRE

ARSCHE Sl T i b F AR I 7 i i )
PRI, $2 36 0SB L B A T 9k B BEAT T AR
RG22 R s 75 vk 2 ARG 75 v
AR AIAIL TR IR 07 325, FFPRAR i 1 X J LAk 5
TEAFTERIAN R o RIS 25 T ARAL R IR Rl 5 T 2%
LT RIPIROINERSSE , EEERNH T L HIB

%5196 71

FilE 7 1 S AL TR IR RS T ik S BT S 5T
T T AR IR Rl S HOARAT A — L8 SRR R3S
BT A
B AGE I — EJ225 IF5 0l r) A s T R
I FUATAS I R S 22 TP B A DI RE Y
FKHEPEROAR S R L FARREI AR A E S PR T
IIAFAE— LR, A SCA AR I L F AR I
ARA VLT JLA K S T7 T — {55 AL BEK 1
J iy 125U B2 5 B X BRI A 5 P I
FOEATARBAMHITEER ; — 2 AR & i, 24
Fif FE N A2 BT TSR 222X A BRAD IS H AR
ARG B, S PRy P 2 A bs B, X 2
IR RS 5 IR R, T334 Bl R i oA 4 3] 512
PSRRI s =K IR 2~ i 2T E A bR
R () BEALBE, B CAT R IR =~ s AV
b FASRR I o (E SR 2% BCR A AN BB 5
AR d i AR L F AR A S REAE IR
RSB

[1]ZOU Xinrui. A Review of Object Detection
Techniques [ C ].2019 International Conference on
Smart Grid and Electrical Automation ( ICSGEA ).
IEEE,2019:251-254.

[2]MU Xiangwei, LIN  Yingxia, LIU Jiachen,
et al. Surface Navigation Target Detection and
Recognition Based on SSD [C]. 2019 3rd
International Conference on Electronic Information
Technology and Computer Engineering ( EITCE ).
IEEE,2019:649-653.

[3]CHEN Xiaolong, CHEN Weishi, RAO Yunhua, et
al. Progress and Prospects of Radar Target Detection
and Recognition Technology for Flying Birds and
Unmanned Aerial Vehicles [ ] . Journal of Radars,
2020,9(5):803-827.

www. globesci. com



2023 4F 4 H

HR#UBME D KA

MEanig SR

[4]LI Lixiang, MU Xiaohui, LI Siying, et al. A Review
of Face Recognition Technology [ J ]. IEEE Access,
2020,8:139110-139120.

[5]SZELANGIEWICZ T, ZELAZNY K. Unmanned
Ships-maritime Transport of the 21st Century [ J ].
Zeszyty Naukowe Akademii Morskiej w Szczecinie,
2020,64 (136):14-21

[6]HU Xinming, FU Huaichun, WU Xiang. Research

on Technology of Sea Emergency Rescue Based on

Unmanned Surface Vehicle [ C ]. Journal of Physics:
Conference Series. [OP Publishing,2020,1575(1):

012097.

[7JCHENSKY D A, AISUEV B B, CHENSKY A
G, et al. Water Environment Monitoring with an

Unmanned Surface Vessel [ C ].
Journal Series. IOP
Publishing,2021,1728 (1):012002-012008.

[8 ]SUALEH M, KIM G W. Dynamic Multi-lidar Based
Multiple Object Detection and Tracking [ J ].
Sensors,2019,19 (6):1474-1480.

[9]TASDELEN E A, SEZER V. Comparison and
Application of Multiple 3D LIDAR Fusion Methods
for Object Detection and Tracking [ C].2020 5th

Autonomous

of Physics:Conference

International Conference on Robotics and Automation
Engineering ( ICRAE ). IEEE, 2020:64-69.
[10]KANNO A, TAKAOKA R, OTANI S, et
al. Handheld Millimeter-wave Radar and Lidar
Systems Using an IMU Device [ C]. Passive
Imaging XXII.

and Active Millimeter-wave

International Society for Optics and Photonics,
2019, 10994:1099407-1099415.

[11 ]DANG Xiangwei , QIN Fei, BU Xiangxi, et al. A
Robust Perception Algorithm Based on a Radar
and LiDAR for Intelligent Driving [ J ]. Journal of
Radars,2021,10(4):622-631.

[ 12 ]ZHANG Yingchao, MA Zhaoyou, HAN Wen, et
al. Intelligent Traffic Detection with Millimeter-

wave Radar and Camera [ C ]. International

www. globesct. com

Conference on Intelligent Traffic Systems and Smart
City ( ITSSC 2021). SPIE, 2022, 12165:633-639.

[ 13 ]XIONG Hui, YU Dameng, LIU Jinxin, et al. Fast
and Robust Approaches for Lane Detection Using
Multi-camera Fusion in Complex Scenes [ J ]. IET
Intelligent Transport Systems, 2020, 14 (12 ):1582-
1593.

[ 14 ]SAURAV S, SAINI R, SINGH S. A Dual-stream
Fused Neural Network for Fall Detection in Multi-
camera and 360° Videos [ J ]. Neural Computing
and Applications ,2022,34 (2 ):1455-1482.

[ 15]FENG Qi, WANG Tianjiang, LIU Fang, et
al. Research on Multi-camera Information Fusion
Method for Intelligent Perception [ J ]. Multimedia
Tools and Applications,2018,77 (12):15003-
15026.

[ 16 IMAJUMDER U K, BLASCH E P, GARREN D, et
al. Deep Learning for Radar and Communications
Automatic Target Recognition [ M ]. California,
USA: Artech House ,2020:147-157.

[17 ] WANG Zhanglin, MIAO Xianhan, HUANG
Zhen, et al. Research of Target Detection and
Classification Techniques Using Millimeter-wave
Radar and Vision Sensors [ J |. Remote Sensing,
2021,13(6):1064-1069.

[ 18 ] WANG Zhangjing, WU Yu, NIU Qingqing. Multi-
sensor Fusion in Automated Driving: A Survey [Jl.
IEEE Access,2019,8:2847-2868.

[19 ] LI Ronghui, WU Jinshan, CAO L. Ship Target
Detection of Unmanned Surface Vehicle Base
on Efficientdet [ ] ].
Engineering,2021:1-8.

[20 37 B, MR, PRI, 55 . 1 B 5/ H A
R 7k e s [0 ). St TR, 2011,38 (10):
46-50.

[21 ]ZHANG Kun, LUO Yasong, LIU Zhong. Overview

Systems Science & Control

of Research on Marine Target Recognition[ C J. 2nd

International Conference on Computer Vision,

197 1L



MEmig SR

4 R#BME D LA

2023 4F 4 H

Image, and Deep Learning. SPIE,2021,11911:

273-282.

[22 ]ZHENG Le, LOPS M, ELDAR Y C, et al. Radar
and communication Coexistence:An overview:A
Review of Recent Methods [ J ]. TEEE Signal
Processing Magazine,2019,36 (5 ):85-99.

[23 ]LIN Jiaying, KOCH L, KUROWSKI M, et al.
Environment Perception and Object Tracking
for Autonomous Vehicles in A Harbor Scenario
[ C ].2020 TEEE 23td International Conference on
Intelligent Transportation Systems ( ITSC ). IEEE,
2020:1-6.

[24 ]STATECZNY A,KAZIMIERSKI W,GRONSKA-
SLEDZ D, et al. The Empirical Application of
Automotive 3D Radar Sensor for Target Detection
for an Autonomous Surface Vehicle’S Navigation
[ J]. Remote Sensing,2019,11(10):1156-1164.

[25 ]FENG Zhiyong, FANG Zixi, WEI Zhiqin, et
al. Joint Radar and Communication: A Survey [ J ].
China Communications,2020,17(1):1-27.

[26 | b F5 . FET ZAR IR 10 PR AT JC I S A A 7

BRI AR GETTE [ D 1. R iU TR
2018.

[27 ] AR, o an, 00 &, 55 BT Rk R Ry K
TICAAE AARKEIEA [T ], W R T AR R
#41¢,2012(2):129-135.

[28 J A%, £54K, BEIE . 2R A SHOC T IAE

TN BRI ALY 1. AR T A2, 2019,41 (11):

79-82.
(20 ] 2= 3Cak . g 1 0 A HL 58 2R 58 IR R GEE ST
[ D . BRI /R TR, 2019, 6:5-17.
[30]NGUYEN M N T. Modeling Ka-band Radar
System to Characterize the EM Wave Propagation
Properties in the Application of Target Detection

[ G ].2021 International Symposium on Electrical

and Electronics Engineering ( ISEE ). IEEE,2021:

129-132.
[31]LI Chun.Dim Target Detection of High Speed

%35 198 71

Moving Radar in Complex Electromagnetic
Environment [ C ]. International Conference on
High Performance Computing and Communication
(HPCCE 2021 ). SPIE,2022,12162:37-41.

[32]ROFALLSKI R, THOLEN C, HELMHOLZ P, et
al. Measuring Artificial Reefs using a Multi-camera
System for Unmanned Underwater Vehicles [ J ].
International Archives of the Photogrammetry,
Remote Sensing and Spatial Information Sciences-
ISPRS Archives,2020,43 ( B2):999-1008.

[33]RAO Jinhui, XU Kai, CHEN Jinbo, et al.Sea-
Surface Target Visual Tracking with a Multi-camera
Cooperation Approach [ J . Sensors,2022,22(2):
693-703.

[34 JKULATHUNGA G, BUYVAL A, KLIMCHIK A.
Multi-camera Fusion in Apollo Software Distribution
[ J ]. IFAC-PapersOnLine,2019,52 (8 ):49-54.

[35]KHAN M N, Al H M, ANWAR S. Improving the
Robustness of Object Detection Through a Multi-
camera-based Fusion Algorithm Using Fuzzy Logic
[J]. TFrontiers in Artificial Intelligence, 2021, 4
638591-638603.

[36]JHOTH J, BANYS P, SIEGERT G, et
al. Performance Analysis of a Simulated Distributed
Multi-radar System for Target Detection [ C ]. 2017
18th International Radar Symposium ( IRS ).
IEEE,2017:1-10.

[37 I 5K, R — JL, 53503, 25 . 3D H A ik e 25
WL AR, 2020,47 (4):94-102.

[38 ] DROZD A L, KASPEROVICH I, CARROLL C E,
et al. Employing Frequency and Antenna Spatial
Diversity for Improved, Non-emi Limited Multi-radar
Target Detection and Tracking [ C].2006 International
Waveform Diversity & Design  Conference. [EEE,
2006:1-8.

[ 39 ] KIT. The KITTI Vision Benchmark Suite [ EB/
OL . [2022-02-07]. http: //www. cvlibs. net/
datasets/kitti/eval_object. php.

www. globesci. com



2023 4F 4 H

S+ R#BME D LA

MERig SR

[40 ]WANG Yizhou, JIANG Zhongyu, LI Yudong, et
al. RODNet: A Real-time Radar Object Detection
Network Cross-supervised by Camera-radar Fused

Object 3D Localization [ J ]. IEEE Journal of

Selected Topics in Signal Processing,2021,15(4):

954-967.

[41 ]DEFILIPPO M, SACARNY M, ROBINETTE
P.  Robo Whaler:A Robotic Vessel for Marine
Autonomy and Dataset Collection [ C ]. OCEANS
2021:San Diego-Porto. IEEE,2021:1-7.

[42 ]P0, JETF BREG A TCANAE B ARSI+
ALD ] EITAESER 7, 2020.

[43 ] oL, sk, VB AE , 45 . JC N8 B AR F
FEFR [ ], RIEHFF R4, 2017 (2):1-7.

[44SR IESS | JL T 2AL I8 1 JC N PRI BT 52
(D ]. ¥R, 2018,

[45 JHAN J, KIM J, SON N S. Persistent Automatic
Tracking of Multiple Surface Vessels by Fusing
Radar and Lidar [ C ]. Oceans. IEEE,2017:1-5.

[46 JHERMANN D, GALEAZZI R, ANDERSEN J C, et
al. Smart Sensor based Obstacle Detection for High-
speed Unmanned Surface Vehicle [JT].IFAC-
PapersOnLine,2015,48 (16):190-197.

[47 ]ZHANG Xiangli, WANG  Heshen, CHENG
Weidong.
Fusing Radar and Vision Data [ C ]. 2017 Seventh

Vessel Detection and Classification

International Conference on Information Science

and Technology ( ICIST ) . IEEE, 2017:474-479.

www. globesct. com

[48 ] =i, R oT, BBk, BT E A AU ALREL & /Y H
P iy i L0 ] 3 RL L, 2021,41 (11):
3242.

[49]PARK M Y, LEE S K, SHIN D J. A Vehicle
Recognition Method based on Radar and Camera
Fusion in an Autonomous Driving Environment
[J]. International Journal of Advanced Smart
Convergence,2021,10(4):263-272.

[50 ]MENDEZ J, MOLINA M, RODRIGUEZ N, et
al.  Camera-LiDAR Multi-level Sensor Fusion
for Target Detection at the Network Edge [ ] ].
Sensors,2021,21 (12):3992-3997.

{E& Tk A

ook B B SCEAESE A SR A
TRFR AR SIS, B ;

7 R PGORIT T 5

Feqte AR P EA

fEEEIT

TRFLIR AT LTI
BEGETT ) AL ARG
PG BLAFLSE

%5199 71





