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Abstract

Airborne lidar bathymetric technology is a very suitable technology for coastal area surveying and
mapping. Airborne lidar bathymetric systems can not only obtain water bathymetry data, but also
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obtain laser pulse waveform data containing bottom material information. With the innovation
and application of airborne lidar bathymetry technology, its seabed sediment classification func-
tion has been continuously developed. The efficiency of seabed sediment classification based on
airborne lidar bathymetry waveform data and combined with water bathymetry derived data has
been continuously improved. Through the combination of multi-source remote sensing informa-
tion, the accuracy of seabed sediment classification has also been improved. This article mainly
discusses the current situation of airborne lidar bathymetry technology in seabed sediment clas-
sification, introduces the basic principles of airborne lidar bathymetry technology, analyzes the
main problems in this field, and looks forward to the development trend of research on seabed
sediment classification based on airborne lidar bathymetry technology.
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1. 5|8

MR B2 M AR A R A G 7, W R BUREE M PR T . W TR I TEIREE R
VT W B S e BT R A v R AR AR R

A 538 1) 5T A B T B 3 R S Uk B AL 5 T BB R S R TR A O gk AT 23 i 25531
[2]0 3XFRTETT DA B AER A BR S S, HIGEFER, meARgEos, 1 H A R BESRAR I 7 X 45
PP S SR

FUHT, 9 R 5 8 2 ) % B T P L 2 DU e A8 S AR P AR R 7 9321, DA RS 24 Al 2 J
AT FEEBOL T IRMREARTIR R, UNEBOE ISR R EEk, By iz T
IR 5T 73 2RAH G A

LB T I MR (Airborne Lidar Bathymetry, ALB) & — R0 F F 37148 Bk i o0 A 25 /R 347 7K SR HR I 79
FAREEEOR[3]. E ARG S BRI WSS, WA OEFE. BEHE. mhlahiksE
R ri[4]. HLEGHOGE A MR RAREETE 1~50 K2 BLIE [l P 52 (RS 1 1) %0 528 B B2 (Digital Depth
Model, DDM), Ffrill & (1) i KIRBEEEA EIR oK R . S5l sh i BAH b, HLEBOG R R R R 5]
PA%F 1% %1k 3Secchi, Jf HAEMIE A 60 KAIREL[S], & —FhaEH & G X2 HE R .

BLEGHOL TR B MR EEAR M 20 40 60 FACKIFLAK &, i Hickman S5418 B 1 OGBS MIEREAR
IEIR A 6], BEE E A AP HLEEOE T IS MR S AR N, Guenther Z54i HH 82O 7 8 I VRAS
JEE R O BREAE TS0 G BRI T B AL B [5]0 F AT, WUERB T HAahs b ¥ = 22 [ S8 T B 40l - 43 BSUE
R ZE P DL P S R A S T TH R T T REH L.

LB B I MRS S 7 AR PR AN R 7 vk R EE T 40 3 398, A Bl A g e AR
BUERRIE[ 7] A I T4 H bR AL B, A R % FE R IRIRRHIE . B RE R0k
TEEAERBOCK Sk S B AR MBI, XPITEREZUGEN, AR, I H 2K
Ko BUFREANIE X FRIE T A0 i, IX KT A R ARG T, RESREBR KR AT AAE
B, B2, RKMExk.

H AT AE 4T S e A DG T, B SRR S i T R sy e B b, (RIS AR N T 7 AT B AT
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e S T AR R P 7 0 3 A T IR S AR . B M B AL AR SRR PR B (IFFT) 284k, XA
e 3 (1 A VR PR AE 22 1) R B T BB N (AR A G R EE, A Ah, T AL BT 7 B (1 i YR 2 408 3 B VR A v
GRS

REBHEENRGRZE . MR FRRZE . IR KA RS T NTF, Steinvall 4538 i 0HlR
e 7 R rtERe, @RS EE, RS T SRR T O EGE8]: A i AAME
SR I i RO B IS MRS FE IR 3R, AR ZEIRHEAT 7 e B, JFESL 1 HEOG IR S
EAT A AY[9]

FL P T B T B [R) 4 O R e S bR A ZE A BIRCR, W I TV = 4R IR Ak
(3D-NDT %) [10]+ IEAREHIT sECP %) 1115,

TEXTHLEROE TR B MR B AR AT KIAR R G, S T 2 BN B HLER BOL TR B MR R G077
EL# 3 4 17 Optech A ) CZMIL. Aquarius. Titan, Leica 24 &[] HawkEye. Chiroptera, Fugro /A ]
f) LADS. RIEGL A @) VQ-820G. VQ-880G. NASA ff] EAARL R%i%%[12], X4 R4 O e ST
HEAIRM R KR 732 Sl B S B AR A Bl . /KR =5y o KT Vi AR B O AR KT e 0 5 22 A 4
WURIE T R3] FRE B LA 80 AT IR AT RALEBOL & AR RG], Wb RHER
e EERERE RSN A S HLEEOG IR RGHHAT TR RAIE R TR, AT it
A AR SIS A, H AR SEI AL R A .

RS T LB IR MR AR R B, F R R R T E A SO B 1A TR A AE 1R R
JR 5325 b B A3 R S A T S, IR T ARSI R R U7 1)

2. SR E LR FE
2.1. FOLEEMAREE

BotR — MBS R EE, BRI AT O, 228 AE B E B0 R IE IR
FRGELL—5E NS i A 3 7 2 K T A SO Bk, R A0 7K T 5 S [ 95 R 70 JE S S5 38 PR ]

SEAWOCAEIRERE . KIS AU BALE . BOEHIE G R, THE KR =480 B AL bR KoK
R[7]o WLEBHOETE B FEELE 1 FR.

- \
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Figure 1. Schematic diagram of Airborne LiDAR Bathymetry principle
B 1. AR ISR R IR E
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PO W AINLEHOE T A MR RGN EHOL T IE IR R4, HAEHPFMEOLEE: KA 1064 nm
MILLANEOEANE A Y 532 nm S SRE0E, XPIRBOERA mIZ. AR . KA 1064 nm 40
HMNBOCTENE K P I I R ARG, B MEIR B 5K 2 AT, 28 TG AR, 1 N %A%
R JE 2 E B R GBI, T K R A FEE IE SO C I B i 1, BRI PR & 48 R 3 199K 532 nm
(I8 2RO AR K P I I R B, E KA RLR I R G 2 [ RE S R e/, IE S0 mT B %
FEWGTH, BRI RIS AR B, FEOGERI R G, AR5 R PR AN SO AR 3% 1 8] B 22 SR
SETKIR[ 1410 ML T8 TS IR AR Hb R 3 T P ] 2 B s o
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Figure 2. Airborne lidar bathymetry topographic survey
B 2. MR R ENIR KRR T [

B EOE IS MR RGEAN, A — 0 SCR Ay 532 nm BB SEHOGE A BOL & S 48 6 IR i 5
CHBBOCEREMR RS, XM RGO RS, RN I8 AT URE S (8] R AP R 22, L3O
HIEME RGN T — R EEH.

2.2. WABILER

MBI T IE IR R 8t F B4 Bl & 4 (full waveform system) [15], X T E BB IER S, 4
BOCHOCRIE RGREWARMEE 2 B HARME R, S BNk AT SR MBOG I AP = 2 8 H AR 1]
BOvAS, AR, BREE. KO8 K& 2 M AR BILRIE R, EZEmMUariEH. &
IR [ AH 5C RIOG ENAE 5 o BRI IR 3 s

Intensity (counts)

80

Figure 3. Airborne Lidar Bathymetry waveform
B 3. tEBOLE NIRRT E

DOI: 10.12677/ag.2023.135047 498 HERE 22 AT


https://doi.org/10.12677/ag.2023.135047

PRSI

il

BUEHOE B I [ e T 2K TH B AE 5 KRG REUE S KRS S, T 5 S 55 R
PRSP R R, RERGEBI I IS5, AT LU & TR 43 [l 45 5 7R I [l il b RE =3,
AT A ()BT RIE[16].

~

B (t)=P(t)+ P (t)+ B (1)+ B, (t)+ Py (1) (D)

Hor, P (¢) ANLERBOGTE IENR R GRS RIRE S, P RKIERBWRES: P RKERWES: P
KRR BRSSP, REFME; Py RBE N,

3. IRBRSY R ZFEMRER

H 20 tHhed 80 AR HANLEHOE T 1A B AR BB LA ISR, HLEO IR T ik B 5 i WL R A2 AR
BTG 1) 8 7 v FE AR 7R (Digiital Elevation Model, DEM), M DEM H ] DA+ 5 & FiiR B AT A B85 171 i FE
5t 5 % TR R AT 2 TR K] ) 75 SRS BT RS 0, 6T JE 0 23 28 (P 98 O AE AN e 8 o, i ol B s il
R ARG IR [ B SOIB RS UK A AN JECARFAIE [ 18 4B R 8 22 1) B T IR 7 2 24 v

TR N, EZR 0 IT7 R AW BT LB R IR 2 G R BT H5 1 i 70 2%
DA% 22 5 A R A ()T 43 2K

3.1, ETHEBOCRIENFREHEHRER S

3.1.1. BT REEMKRY S

SRRSO CIEAE JE IS AR R 2 B /KSR KA DL A TR i se M, IR BT R
0 TR AT T A R S A5 SR 7] R AP T A X 23 A [ TR IS A5 2 A PR b » FE O e i 1 3R B
AR ERE LARE e 7 SRS, RITEIR (S 5 Hh &= AR AR AR RHE S 5, Afide 4t 7 ¢
T B ARG R JE PR B NS ., 3T S TR R 4 R R 19].

Tuldahl %5207 3 & (1 X3, & Je B THLEBOL 3 1A MR R 48 Hawk Eye 11 3RA5 % 58 52 DL A
W ZEAEREAT 202, UF B R FA LB IO 5 18 I R U8 T 5040 P IS 70 R R . TEJR 2R sieierp, JEId Xt
PO EHR S E, $RBCT BRI 58 B A T MAHIES L, KR WL . S R
VAR I =055, 25 FAE, S0 KR T H IRRIE 2 50 FUK R IR 22 ) AH B, R U
REAESHR Bk 58 AT AR AT I 7 R MRS FEIR B T 80%LA b, W 1/ R BE21].

Collin 55 T IR EFC I, (I THLIEBOL L MIR RS SHOALS MM £ d i 8
10 MEAPFEMESEL, WEE LR R BB IE & LR & (Quintic Gaussian, QG)HL & J& FIV . E IR AR R
BEXFIREEE, [F4F, Collin E NMIREIEE I PRI T 12 MEMPIFHES S, WHRE. EE. K
T AT R TR (1 22 (5, LASHb R B RC B M5 BAE NS %, R W 3 28 07 R (e KA SR AT I T 47
%, HABEIE 78.6%. [FINTIL 45 & SHOALS 4t k5 I A LE Sk AR 147 2 BURHME 5, M3 T AR 4L
fii i JE /K N I 50 RRE FE IR F] 95.2%

Eren %5 T £ E AR, $&H 7 —FEIEAINBBEOE H AR R4 SHOALS IR HIBIEEE, 51
T FETRE SR B EE S 5T ES T Z M AU . FFEE T IZRHE S ST B 425,
SERRW, ZEOGIR DL T B SRR 2 R B R PRI G [22]. JRETE 5 —TSEe, Eren 55Xf
DIGRPBTE BB T RATIRZE 8T, IR13 TR IR ES 2, M5 8 F SRR I AU R AT 2028, &
LB IHRE IR 96%, FHANRS 170 FKE B I8 86% [18].

Wilson Z5HF & 1 A2 BRI AT S R T L RIRR /7, 9T 454 EAARL-B IR RG-89
TERHIES BOSIIIREAT T 7025, BRAURIL,  BARAENT  5F 2 5 3 [ml 5 T AR 2 o) BT 5 A G PER 2 5 kb
B, ARSI ) T A RRAE 5 B AFAE 2 IAAFLE — € FUAR DG, AT DU BRRHIE S50V I 40 28 B A
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23]

Kumpuméki 551813 HawkEye 11 EOGIITR RS 7R R IE, K B L 2% SOM J5i%
XF TR LR AT R AT, ORI 7 NIRRT SR 1A BAT s BE X i, R 1 I AR W] LA
KA R U IR TR L[ 17].

Amani B HLEBOCE IR NR RGN 7RSS, RIBIRMIRIEE, BRI EE, X595
TR S AR R R, K EEIA 87% [24].

W SCERISCEE R, T 1 gl TR THLEIRON E R DI BOR HE 1 R 23 2R O R LK
FHESHL, . RIE. BE9E. PimEse . BRI brdEze . TIME. hArg. (mads. UERE.

Table 1. Waveform feature

=1 ORAFIESHE

FIESH i e SR
PRIE(Amplitude) i BN R PN [19]
% (Width) JEG T TRT e (R Ji ek o o [19]
MR 55 (FWHM) JES I TRl 8% ey HLARIE — 2 I )BT 56 [19]
[F13% M #H(Area under curve)  [EE P REE B (—MRLMRIBIE NS, WLETH 20%3R1E LA EATAR) [20]
AR 7(Standard deviation) MR R e R “YE” [25]
“F-¥{E (Mean) [ 38 e = 1) T 24{E [19]
U B (Kurtosis) EM TGRS [20]
25 (Skewness) R B AR 1) S (20]

3.1.2. ETAFRTERBNRRES

WLEBOE B MR RSt 10l LIRS HAR /8, IE R T HLEBROE B AR R 415 2K RATAE
g, Wi R R A (R RTRERE . B RIKIR) SR o XA R RT DAVE 3t e e A (191 v K
R T B ) A0 AR R A5 [ 45 4 (1 B B S5 26].

FF LB T 1 KR AR 508 RS o R0 5 MR B TR A 45 & R AR i R % . 1 Collin
ZE[2714#FH T SHOALS IR R SEHE B ) 2 576 B L BAR SR T 12 AN AR IE S 3, R 45 &
BT 1 ANSEHESHGT R RS g, B SR R EAUG PR R T 25, 38 T EA 93.3%
(AR KR . [F4E, Collin %5 A [2815K A [FIFE ML BOC IR B A5, BT 16 NMEEHES
LK 12 AKIRATAERFE S IR T AR RIS 2] 0 K575 SER R I, (6 F B LR AR 7 72081
H7KR Bt TR) 0 B AR JE S 2 10 O FE = bR A 2 MO AT IR R 0 SR R B, KEPEN 69% .

Kogut % F|H AHAB Chiroptera 0/ 75 18 9% 2 1103 X R4 AR S , $2H0 T E0F5 6B i L AFAE |
IKIERTAERFAEE I 16 MFAESH DABENLARMR 7 0K AR BAR R SRR AT 4026 b, Xk
T A SIS ) 20 A FE A 100%/99.9%, o JEE SR WA A MRS FE A 60% [29].

Su & NF2HUT Optech Aquarius HLEMIREHE H 6 N TEFRHESH L K 6 MNKIRATA S, M SCRF
ML 2R3, X PH VDU R SR AT 20 S OM B AN AR B ) . 45 SRR, A& I AR IE S 5 5 7K IR
REAE S 301 70 20K P LU B o I o SRS P B vy, IR 1) 20 R T2 AN 80.59%/90.31% 11 17 93.57%
[30].

Coliin 55 Letard 551 ALB $2HU 1 7% BB PG 52 Bk s B B BORE B UL E R, IF
V3R (1] {4 58 P 5 00 ok ol 2 B i B A LA 3R AT 1 AR SR R, RS 5 NI h SR B RS HE B4
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VA AKIRZH s &, I fi R ABNIR 7 SR o B 1 43 A R Bl KRS FE A i 21 1 86% [31].

{5 FH ML B IR TR 22 S8 AT B L5 R 23 R (R g e — A AR 358 43 R B M N # R, Letard 557E
TR EZ AN IX 45 S HLEBO IR 248 HawkEye 4X SREUAIIEEIE . mfE 50 DL 20 40t B H i g
A, ARG S BAE N T 21 NMAEBTHET 17328, 3R19 720 90% MRS L, UE W] A AL IR 2 A
RGeS, LRI R LS R 19].

FH T AL B IR MR R S A% O BOR IR B YRR, F P @ TGk BRI A, R &R 4t
e A 2 ) T i S R B A X, SR EURT A BRI A 1) R, i RS 3R AR i = B - Zavalas [32]
A1 Sun [33]MIWFFEUER, AN I T 7K ERAT A B AT I3 4 R 2 nT AT o

Zavalas [32]% N | LADS Mk I VR R G0 RAE T KIRATA SR : B SRR E(DEM), HSH TR
MHESH, S6 =T RIRIFHESE, AR T BRI 4E 2 R P53 R 5 2R A
Wi E SR B, AR SRR FE L 70%.

Sun [33]5{ T SHOALS RE3RAF NIRRT AEHH DEM JEAT IR 7038, IS 7 AR &R . 3
IS A K B AR BT DEM BEMEHAT S0 0 i, $2HL 7 N IMFIES 4L, 1T JE R K-Means 285 3 KfA)
BHLEA W ESIUMIRRED Yo Y. BT T o, BAARHERRIE 85.39%.

I SCHERSCEE R, T 2 RS T EE T L B0 B AR IR K IR AT AR B 1R 43 2R e L
IKIRATAERESE, 0 KRG EIRbR . SR, B, HRSRE. i,

Table 2. LiDAR bathymetry derived data feature
2 2. B RIEMIRBAREHE

FESH i RE S5 R
IKIEAL B 1R FR(BPI) B — K IR B A T B K PR B A T ™ e [34]

% (Slope) BEAME R 5 IR R AR SR A (LUK A B 5 35]
J1h1(Aspect) B BERH 0 75 52 0 75 or [36]
LS Z (Rugosity) Hh O ER B (¥ R T T AR S P T AR 2 L (37]
it % (Curvature) ik A BRI . SUEFRIRMIE, T EER R [38]

3.2. ZREERMEHIRERS

PR T B ARE S T A R BN I [39], A B A ZES W0 Jy 2 AT DA 0 SR R W PR T
¥ TR R SRR B8 BT B S LB T IR MR R G 3L (R P R B2 i 4 8K T, R o SR L7
i Tuell FFHA[40] [41] TAERW, @I HLENIRBOCE BRI 8T, 7T DU IR R G 26 F7K AR 10k
SR PEIEAT IR, SANLENREO B AR E G IS A R, A AR Y 4 2R PR T R .

Tulldahl %5 A\ [42]@ & WorldView-2 17 HE 5 TR AR FAZ I A R EFIESE0R HawkEye 11 HLEM
DREOE T BRI IR AT AR RRE S B S TR IE S 2, 8 I fe KA AR 125 DL S BEATLAR PR 7 92 FH T IR IR
FRI4R2 . SRR, 2440 FALEIN VR R E 2 800 TR S AE S B S, R v 2 32 18 2140 80%
EE L 23 R 15 20%~30% o

Madronero %45 & T WOL TR B IAEIE 5 e ik g, R ARSI T4 - . 45 RRW, ST
A8 H w1 UG EE , Bl O G R S5O0 7T DA 35 92 v SOl S0 R B8 77 5 DA 47 b SR A i e JES 28 1) [43 ] o

Zhang %454 Tkonos PR IREUI A 2R 5 Riegl VQ880G VR &2 43515 1) DEM. DSM. DL M5
B ot 5 [ b 2 BUA T Bi  IMIRE AT 40 2, A RIS RIS Tkonos T AR EALE A Riegl
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VQ880G F St NIRRT A B 0 FRE T 8w, ik 93% [44]. Jalali 25K KM BOE T IE MR R G35 1K
DRAT A B0 LA 2 TR UG AR B i /K R THI MR B AR 45 6, ASEAUL T M R L P38 00 170 2 (R) AR 4k [45]

b TR RAREARAL, AT WO T IR IR R Guik i & 7 255 3 2@ IR F B LA I S B I E A R S 8
R HEAT 702K . Wang S8 MHLEGER RGHIREL T 8 MNMEHBIERHMES S, JH3T MBES J& MU #
BAERT 8 MEMESEL, B 38 85 A 5T 3R M 5020 o [ m v 28 S R R (R A B it AT
Tad. &R, FE LiDAR Fl MBES Z4RHIE 5 170 KAG BRI, ik 96.71% [46]. Smith ZEKEHLEL
BOGTEIENE 2 G h BB KR ATAE B OKIE . B i, HRERE . #hZ) 5Kkah f2E 35 in,
T AN o) 25 G 0 78 P AN [ R R AR B 0EAT T 028, RVAKEBEIL 97.6% [36].

4. FEEOR

1) HLEHOL T B MR 2 GEAL 5 7 SR R v A Ao B Bl s IREADE 5 B, FRAIR 1 R
IR fE

2) WL TR IE IR REEEIE RER 22 R RGN MAAE T, HmEREE. BouRE K&
AL i 2 32 g KIE WL IO PR, BIRTAM LUK IS5 52 2% ) 5 1) 10 2 3 350013 4 5 AR A2 TR a2 i JE o
TPINEL -

3) H RS — PR A 35 20 SR DA R I P B A e DRI R, A P L0 TR IR TR ZR G th 2 N
Rt AR TR KR, R K [l B R AR e, A S AR

4) PV HHE 5 KIRAT R 2 [0 w] BEAFAEAR SR, FEJR B4 2B IIBE ST, X IX SERRAE S A G
WAL, I BAS R B RS AL (P B SR D

5. RE

BEXTSE 4 /ANAFAER IR L, AR TR AR R T ST I

1) N 7S PO T A MR BORAE SR BT 7> S R b RS 2, w] UR ) 2 VRt RO IR K . &
IRECBHE 75 2 DR S5 B A 077 3CEAT 7038 . W2 8 RlIEAERT AR 2 FhIE AR IS T — 1R i %
41 Optech 22 5] ) CZMIL RGEM T MIRBOCEIE . mail s, By B ke, mE—k
AT R - R AD SRE 2 Al T A B T DX AR 5

2) AENUEGHOE T A MR EE L i) b, W] DT RS 52 2% TR R 85 DL B2 R 7K A KR b B
WETE AR, PR KAV b B SO Ik (52

3) N T SR T MU0 T IR R BOR (i — R T AR R A ST, S AR K R B 3 i+ 7
L, R K T SRR B R B B YT B TE 7 T T, ST A& IR

4) NT T IREBOCHKIE I 5 R GRAT AR 2 (E B AR S TE, AT DUOT et T S PR BRI R 58 3 I S 45 R

5) HTHEEOCEEMIR ARG R R R, HAWRAEE R Bk TR e AT A2, B hons
SRR A MU0 TR I8 TN VR b AL B R ARt 73 ELEE

6. &t

AR SRS R ML RO BB MR S AR AL R R 73 277 T I FCEAT 1S 45 . MR THLEBOL S
A WUEREAE 1R RS2 7028 LA AL TR IA TR S0 5 2 JRA5 Rk & R B RATE, X B AT HLE oL
T IE DR BEAT 5 73 S B DUIR DA T (9 R EAT 1R BL R e B o AR N L A R R i 70 KB,
HLEOE T IE MR BOARIE 75 E RS T RGO L Bl A B A% 22 07 1 A BORMERE, o sk . S
FABEAIT A LA B0 el e R Y SRS A 0L &« BRE 71555 . ARME BB IR BOR BT AR, 3 DX
T X IR K R R e T > AW, 2R THLEBOL TR IR TR BRI B 73 SR th 27 SE4 R REF A

DOI: 10.12677/ag.2023.135047 502 HOBRBL2ERT


https://doi.org/10.12677/ag.2023.135047

PRSI

E&WE

AR EH A TR A R I H P B(JR5 . DD20230406)

SE

(1]
(2]
(3]

[10]

(1]

[12]

[13]
[14]
[15]

(18]

[19]

[20]

[21]

[22]

(23]

FERCHE, 0, TURIE, S5, R IR A KT 5 (). IR, 2019, 37(1): 1-10,

FAR L A IS B UM SR BT[], 75 SEEOR, 2002, 21(1): 96-98.

Collin, A., Archambault, P. and Long, B. (2008) Mapping the Shallow Water Seabed Habitat with the SHOALS. IEEE
Transactions on Geoscience and Remote Sensing, 46, 2947-2955. https://doi.org/10.1109/TGRS.2008.920020

B, RO, BEHACE, 55 HLBEOCIIREART U], #EllZ, 2012, 32(2): 67-71.

Guenther, G.C., Cunningham, A.G., Larocque, P.E., ef al. (2000) Meeting the Accuracy Challenge in Airborne Lidar
Bathymetry. Proceedings of EARSeL-SIG-Workshop LIDAR, Dresden, 16-17 June 2000 Dresden, 1-27.

Hickman, G.D. and Hogg, J.E. (1969) Application of an Airborne Pulsed Laser for Near Shore Bathymetric Measure-
ments. Remote Sensing of Environment, 1, 47-58. https://doi.org/10.1016/S0034-4257(69)90088-1

Wang, C., Li, Q., Liu, Y., ef al. (2015) A Comparison of Waveform Processing Algorithms for Single-Wavelength
LiDAR Bathymetry. ISPRS Journal of Photogrammetry and Remote Sensing, 101, 22-35.
https://doi.org/10.1016/.isprsjprs.2014.11.005

Steinvall, O.K., Koppari, K.R. and Karlsson, U.C. (1994) Airborne Laser Depth Sounding: System Aspects and Per-
formance. Proceedings of the SPIE, 2258, 392-412. https://doi.org/10.1117/12.190082

SRR, FLEREOE KGR BRI B A il B 208 Ab B2 75 V0 75 [D]: [ 220 3] KN A5 B TR KA,
2010.
Stoyanov, T., Magnusson, M., Andreasson, H. and Lilienthal, A.J. (2012) Fast and Accurate Scan Registration through

Minimization of the Distance between Compact 3D NDT Representations. The International Journal of Robotics Re-
search, 31, 1377-1393. https://doi.org/10.1177/0278364912460895

Kumari, P., Shrestha, R. and Carter, B. (2009) Registration of LiDAR Data through Stable Surface Matching. Pro-
ceedings of the 2009 17th International Conference on Geoinformatics, Fairfax, 12-14 August 2009, 1-5.
https://doi.org/10.1109/GEOINFORMATICS.2009.5293421

BN, RT7, T, SR NGOG TR LR R G I S PR ——CLh i R A A B D], 204N S0
THE, 2020, 49(Z2): 1-15.

XKH, XAfidh, ZRME, 5. HLERBOL T IS MIRER AL B 5 R[], #EAAR, 2017, 21(6): 982-995.

FRE . MLEIIER O H A BRI R [D]: (A28 3]. Bl AREERE, 2018,

Guenther, G.C. and Mesick, H.C. (1988) Analysis of Airborne Laser Hydrography Waveforms. Proceedings of the
SPIE, 925, 232-241. https://doi.org/10.1117/12.945729

Abdallah, H., Baghdadi, N., Bailly, J.S., et al. (2012) Wa-LiD: A New LiDAR Simulator for Waters. IEEE Geoscience
and Remote Sensing Letters, 9, 744-748. https://doi.org/10.1109/LGRS.2011.2180506

Kumpuméki, T., Ruusuvuori, P., Kangasniemi, V. and Lipping, T. (2015) Data-Driven Approach to Benthic Cover Type

Classification Using Bathymetric LIDAR Waveform Analysis. Remote Sensing, 7, 13390-133409.
https://doi.org/10.3390/rs71013390

Eren, F., Pe’eri, S., Rzhanov, Y. and Ward, L. (2018) Bottom Characterization by Using Airborne Lidar Bathymetry
(ALB) Waveform Features Obtained from Bottom Return Residual Analysis. Remote Sensing of Environment, 206,
260-274. https://doi.org/10.1016/j.rse.2017.12.035

Letard, M., Collin, A., Corpetti, T., et al. (2022) Classification of Land-Water Continuum Habitats Using Exclusively
Airborne Topobathymetric Lidar Green Waveforms and Infrared Intensity Point Clouds. Remote Sensing, 14, Article
341. https://doi.org/10.3390/rs14020341

Tulldahl, H.M., Pappalardo, G., Vahlberg, C., et al. (2007) Sea Floor Classification from Airborne Lidar Data. Pro-
ceedings of the SPIE, 6750, 675003-675014. https://doi.org/10.1117/12.737922

Tulldahl, H.M. and Wikstrom, S.A. (2012) Classification of Aquatic Macrovegetation and Substrates with Airborne
Lidar. Remote Sensing of Environment, 121, 347-357. https://doi.org/10.1016/j.rse.2012.02.004

Hou, W.W., Amone, R.A., Eren, F., et al. (2016) Airborne Lidar Bathymetry (ALB) Waveform Analysis for Bottom
Return Characteristics. Proceedings of the SPIE, 9827, 98270H.

Wilson, N., Parrish, C.E., Battista, T., ef al. (2019) Mapping Seafloor Relative Reflectance and Assessing Coral Reef

DOI: 10.12677/ag.2023.135047 503 HOBRBL2ERT


https://doi.org/10.12677/ag.2023.135047
https://doi.org/10.1109/TGRS.2008.920020
https://doi.org/10.1016/S0034-4257(69)90088-1
https://doi.org/10.1016/j.isprsjprs.2014.11.005
https://doi.org/10.1117/12.190082
https://doi.org/10.1177/0278364912460895
https://doi.org/10.1109/GEOINFORMATICS.2009.5293421
https://doi.org/10.1117/12.945729
https://doi.org/10.1109/LGRS.2011.2180506
https://doi.org/10.3390/rs71013390
https://doi.org/10.1016/j.rse.2017.12.035
https://doi.org/10.3390/rs14020341
https://doi.org/10.1117/12.737922
https://doi.org/10.1016/j.rse.2012.02.004

PRSI

[29]

[30]

[31]

[32]

[33]

[34]

[35]

[36]

[39]

[40]

[41]

[42]

[43]

[44]

Morphology with EAARL-B Topobathymetric Lidar Waveforms. Estuaries and Coasts, 45, 923-937.
https://doi.org/10.1007/s12237-019-00652-9

Amani, M., Macdonald, C., Salehi, A., Mahdavi, S. and Gullage, M. (2022) Marine Habitat Mapping Using Bathyme-
tric LIDAR Data: A Case Study from Bonne Bay, Newfoundland. Water, 14, Article 3809.
https://doi.org/10.3390/w14233809

Ly, 247, oo EM BRI K FLAE O R R AR B0 o il R R RS [J]. R UEEH, 2009, 13(1): 35-41.

Vierling, K.T., Vierling, L.A., Gould, W.A., Martinuzzi, S. and Clawges, R.M. (2008) Lidar: Shedding New Light on
Habitat Characterization and Modeling. Frontiers in Ecology and the Environment, 6, 90-98.
https://doi.org/10.1890/070001

Collin, A., Long, B. and Archambault, P. (2011) Benthic Classifications Using Bathymetric LIDAR Waveforms and
Integration of Local Spatial Statistics and Textural Features. Journal of Coastal Research, 62, 86-98.
https://doi.org/10.2112/ST_62_9

Collin, A., Archambault, P. and Long, B. (2011) Predicting Species Diversity of Benthic Communities within Turbid
Nearshore Using Full-Waveform Bathymetric LIDAR and Machine Learners. PLOS ONE, 6, €21265.

https://doi.org/10.1371/journal.pone.0021265

Kogut, T. and Weistock, M. (2019) Classifying Airborne Bathymetry Data Using the Random Forest Algorithm. Re-
mote Sensing Letters, 10, 874-882. https://doi.org/10.1080/2150704X.2019.1629710

Su, D., Yang, F., Ma, Y., et al. (2019) Classification of Coral Reefs in the South China Sea by Combining Airborne
LiDAR Bathymetry Bottom Waveforms and Bathymetric Features. IEEE Transactions on Geoscience and Remote
Sensing, 57, 815-828. https://doi.org/10.1109/TGRS.2018.2860931

Letard, M., Collin, A., Lague, D., Rattray, A. and Monk, J. (2021) Towards 3D Mapping of Seagrass Meadows with
Topo-Bathymetric Lidar Full Waveform Processing. Proceedings of the 2021 IEEE International Geoscience and Re-
mote Sensing Symposium IGARSS, Brussels, 11-16 July 2021, 8069-8072.
https://doi.org/10.1109/IGARSS47720.2021.9554262

Zavalas, R., lerodiaconou, D., Ryan, D., et al. (2014) Habitat Classification of Temperate Marine Macroalgal Com-
munities Using Bathymetric LIDAR. Remote Sensing, 6, 2154-2175. https://doi.org/10.3390/rs6032154

Sun, Y.D. and Shyue, S.W. (2017) A Hybrid Seabed Classification Method Using Airborne Laser Bathymetric Data.
Journal of Marine Science & Technology, 25, Article 12.

Subarno, T., Siregar, V.P., Agus, S.B. and Sunuddin, A. (2016) Modelling Complex Terrain of Reef Geomorphological
Structures in Harapan-Kelapa Island, Kepulauan Seribu. Procedia Environmental Sciences, 33, 478-486.
https://doi.org/10.1016/j.proenv.2016.03.100

Wilson, M.F.J., O’connell, B., Brown, C., ef al. (2007) Multiscale Terrain Analysis of Multibeam Bathymetry Data for
Habitat Mapping on the Continental Slope. Marine Geodesy, 30, 3-35. https://doi.org/10.1080/01490410701295962

Smith, G., Yesilnacar, E., Jiang, J. and Taylor, C. (2015) Marine Habitat Mapping Incorporating Both Derivatives of
LiDAR Data and Hydrodynamic Conditions. Journal of Marine Science and Engineering, 3, 492-508.
https://doi.org/10.3390/jmse3030492

Lundblad, E.R., Wright, D.J., Miller, J., et al. (2006) A Benthic Terrain Classification Scheme for American Samoa.
Marine Geodesy, 29, 89-111. https://doi.org/10.1080/01490410600738021

Schmidt, J., Ian, E.S. and Brinkmann, J. (2003) Comparison of Polynomial Models for Land Surface Curvature Calcu-
lation. International Journal of Geographical Information Science, 17, 797-814.
https://doi.org/10.1080/13658810310001596058

Hossain, M.S., Bujang, J.S., Zakaria, M.H. and Hashim, M. (2015) The Application of Remote Sensing to Seagrass
Ecosystems: An Overview and Future Research Prospects. International Journal of Remote Sensing, 36, 61-114.
https://doi.org/10.1080/01431161.2014.990649

Kamerman, G.W., Tuell, G.H. and Park, J.Y. (2004) Use of SHOALS Bottom Reflectance Images to Constrain the In-
version of a Hyperspectral Radiative Transfer Model. Proceedings of the SPIE, 5412, 185-193.

Tuell, G., Park, J.Y., Aitken, J., et al. (2005) SHOALS-Enabled 3D Benthic Mapping. Proceedings of the SPIE, 5806,
816-826. https://doi.org/10.1117/12.607010

Hou, W.W., Tulldahl, H.M., Philipson, P., ef al. (2013) Sea Floor Classification with Satellite Data and Airborne Lidar
Bathymetry. Proceedings of the SPIE, 8724, Article ID: 8§7240B. https://doi.org/10.1117/12.2015727

Torres-Madronero, M.C., Velez-Reyes, M. and Goodman, J.A. (2014) Subsurface Unmixing for Benthic Habitat Map-
ping Using Hyperspectral Imagery and Lidar-Derived Bathymetry. Proceedings of the SPIE, 9088, 90880M.
https://doi.org/10.1117/12.2053491

Zhang, C. (2019) Combining Ikonos and Bathymetric LIDAR Data to Improve Reef Habitat Mapping in the Florida

DOI: 10.12677/ag.2023.135047 504 HOBRBL2ERT


https://doi.org/10.12677/ag.2023.135047
https://doi.org/10.1007/s12237-019-00652-9
https://doi.org/10.3390/w14233809
https://doi.org/10.1890/070001
https://doi.org/10.2112/SI_62_9
https://doi.org/10.1371/journal.pone.0021265
https://doi.org/10.1080/2150704X.2019.1629710
https://doi.org/10.1109/TGRS.2018.2860931
https://doi.org/10.1109/IGARSS47720.2021.9554262
https://doi.org/10.3390/rs6032154
https://doi.org/10.1016/j.proenv.2016.03.100
https://doi.org/10.1080/01490410701295962
https://doi.org/10.3390/jmse3030492
https://doi.org/10.1080/01490410600738021
https://doi.org/10.1080/13658810310001596058
https://doi.org/10.1080/01431161.2014.990649
https://doi.org/10.1117/12.607010
https://doi.org/10.1117/12.2015727
https://doi.org/10.1117/12.2053491

PRSI

Keys. Papers in Applied Geography, 5, 256-271. https://doi.org/10.1080/23754931.2019.1694967

[45] Jalali, A., Young, M., Huang, Z., et al. (2018) Modelling Current and Future Abundances of Benthic Invertebrates Us-
ing Bathymetric LiDAR and Oceanographic Variables. Fisheries Oceanography, 27, 587-601.
https://doi.org/10.1111/fog.12280

[46] Wang, M., Wu, Z., Yang, F., ef al. (2018) Multifeature Extraction and Seafloor Classification Combining LiDAR and
MBES Data around Yuanzhi Island in the South China Sea. Sensors, 18, Article 3828.
https://doi.org/10.3390/s18113828

DOI: 10.12677/ag.2023.135047 505 HOBRBL 2RI


https://doi.org/10.12677/ag.2023.135047
https://doi.org/10.1080/23754931.2019.1694967
https://doi.org/10.1111/fog.12280
https://doi.org/10.3390/s18113828

	基于机载激光雷达测深技术的海底底质分类研究进展
	摘  要
	关键词
	Research Progress in Seabed Sediment Classification Based on Airborne Lidar Bathymetry Technology
	Abstract
	Keywords
	1. 引言
	2. 机载激光雷达测深原理
	2.1. 激光雷达测深原理
	2.2. 激光雷达波形

	3. 底质分类方法研究进展
	3.1. 基于机载激光雷达测深数据的底质分类
	3.1.1. 基于波形的底质分类
	3.1.2. 基于测深衍生数据的底质分类

	3.2. 多源信息融合的底质分类

	4. 存在问题
	5. 展望
	6. 结论
	基金项目
	参考文献

