L p R

GEOMATICS AND INFORMATION SCIENCE OF WUHAN UNIVERSITY

PLBRIEEHOC TR R G B & ML IS B I
WIEET, BREHACE, X7, REF, BRI Tl

FIHASLC:

SRR, WRBHAKCE, XA, 5. HLEGREFEROCIITR R SR F IS I VEACIE R ). SR # 4k - R B RARR, 2021, 46(9):
1395-1403.

HU Si—qi, OUYANG Yong-zhong, LIU Hui-jie, et al. Adaptive Matched Filtering Algorithm for High—Precision Laser Bathymetry[J].
Geomatics and Information Science of Wuhan University, 2021, 46(9): 1395-1403.

MHDISCE AR (B JIRRIEN RS EE ()

Similar articles recommended (Please use Firefox or IE to view the article)

AR B KT P AL DX A =it vk B R 0

Keel Morphology Analysis on Winter Sea Ice in Northwestern Weddell Sea, Antarctica
TR - A5 BRFERR. 2021, 46(9): 1386-1394  hitps:/doi.org/10.13203/j.whugis20190204
GNSS/KYUZEMTIY A 3 A R A 33

Adaptive Algebraic Reconstruction Algorithms for GNSS Water Vapor Tomography

RDURFAR - A5 BRFER 2021, 46(9): 1318-1327  hitps://doi.org/10.13203/j.whugis20190387

ICESat—2/ATLAS A BR i R i S L B 20t

Extraction and Analysis of Global Elevation Control Points from ICESat-2 /ATLAS Data
BIUREF2EA - A5 BRIERR. 2021, 46(2): 184-192  https://doi.org/10.13203/j.whugis20200531

JE B 2% Gt M r MU MR P 11470 2 1 2 o7 £ S DR Ak

Hierarchical Adaptive Information Filtering Algorithm Considering System Noise and Observation Noise

RBURAAR - 15 BRMERL. 2021, 46(1): 88-95  hitps:/doi.org/10.13203/).whugis20190248

JBR R RBILZE A A PR LiD A RS B2 R 18 1 1
An Intensity Correction Method for Shoaly Land LiDAR in Consideration of the Attitude Angles of the Aircraft
IR - A5 BRI 2019, 44(8): 1249-1257  hitps:/doi.org/10.13203/j.whugis20170261


http://ch.whu.edu.cn/cn/article/doi/10.13203/j.whugis20200402
http://ch.whu.edu.cn/cn/article/doi/10.13203/j.whugis20200402
http://ch.whu.edu.cn/cn/article/doi/10.13203/j.whugis20190204
http://ch.whu.edu.cn/cn/article/doi/10.13203/j.whugis20190387
http://ch.whu.edu.cn/cn/article/doi/10.13203/j.whugis20200531
http://ch.whu.edu.cn/cn/article/doi/10.13203/j.whugis20190248
http://ch.whu.edu.cn/cn/article/doi/10.13203/j.whugis20170261

A6 K E oM
20214 9 H

RO K R

Geomatics and Information Science of Wuhan University

Vol.46 No.9
Sept. 2021

fi B B2 W

DOI:10.13203/j.whugis20200402

XEHS:1671-8860(2021)09-1395-09

AL P DO I 3% £ BE i) B 36 o7 DL e D& ) 57

WEHY mEAR XA Kk OB ORREKEY & 4
1 EBF RN TR A5 B, 1, 201203
2 RiRU/NT R TR L, B,201203

3 BRI IRIG R RIM AR 50 A E SRR, AR TN, 510300

4 BRI REERAER AR O, AR TN, 510300

OB AEEEEOEM R AR 2 h KA AR Bk IR F A ST K
TR WY 3G e 248 AR, F) A BR ok R T RE IR 3G e K A R E A Bk R B R TY K L, B B AR S A S R IR
BT RRMFBRELS MM L, AT AR TN B IR A8 AR G TP T AU ORI IR R e iR
MR, BRESFEUNRREELS FZHF T AT & AR ARRIRET @ EAZ5 40,8 7815 5 e i s
P, EIHGBAMNRRAGEAKE T FE, THABRLEAAMNREFLLNRERAAGIEF; REERAELHK
WEMEST S ARRREREAZT R BRARAFH L, XTTAEL RERERE L EARGZMNEHE.
AAEREW PR R R AR B E R I B E K LR 7T A 2 BLALE R A M Ak & R IR 2R & 50 m . mIRH

£ 166 mm, &0 M IR IR B 70 m L R4 B 172 mm.

KR EEMNE ;B R EAER  AE R ERER; 2F T I A

HE S ES P229;P751 NERIRERG A
VT AE R B v I TR 8 % 1 R e R ) 2
TR VO R S TR A, 20 R B 3 T K il
%\H%E‘E#/@EJ& TORE R I 2 IS T b A T
o JE I D) — /:E{ﬂlﬁiﬁf“ﬁj\?ﬁlﬁﬁ
w@ﬁ?ﬂlﬂiiﬂﬁ% B DL B L o 1w 5 38 g R
TR A R, DT Sl 2R A s a5 1) A TR B R 4t
f“ﬂéﬁﬂﬂ%ﬁ?}}f&ﬂﬁﬂﬁ%ﬁfn B HA 4T e AR
5 H bR K 3800 K BAE A BE A 3112 K S8l W 1
ﬁ“iﬂz%ﬁ%m PR, e bR A 0% T DU TR
BHRHATAAEENE XL, SE5MZ RS
WP 45 [ R R B AR R L, BIL AR VE O IR R 48
AALEA 2 PR DT Z 58 09 ok BE o R
R A T R PR R A e, L
T ARE LG 3 38 04 5 T T R I8 AR K SR, 2
S B IGVE N 4 22 0 R AR TR L I Ab
REPEM LA FEBOCIIR RS EEAIME X
Optech/A A CZMILY Hi+ LeicaZA wl i HAWK-
EYE HIM I faf 2% Fugro /A /1) LADS HDM'" | 3%
LE T M Ak FR G AN A S B T O K S 0 A R 5
PRI 225 0 BE AR T G n 1 B 22 Y 4 i 3 DA

7o it 3

75 H#3:2020-12-24
B %By: E KA RPE I 4 (41774021)
(2019SHZDZX01) .

FE—ER A WL BV BRSO, NSO E AR .

& T A [R] K VR 10 600 B 7, 3% IR 1 B AR 48 B
5 BN R R B2 3 3 50m;uﬂJ/7:<1%§1_§J0.36 m.
b [ Y A B KA B R R
B b Y ' 2K 5 AL I 5% r 45 BA 00 o B 2k AT T
FH G 1 F2 AR B FE R R Gk, Hp o AR R
(] HL 0 R O DR R 48 LADM-L,
LADM-II #il Mapper-5000, 7= & 1 € € 1k 2 [ pr
AR P AR R B BT R O R R S
PERES BN 1 FiR .

55 22 0k AOINTR R G0 I R R R — 3, ML
7V T O TR R G AG K TEI RG R R
B ¥ T8 I B0 VS THO-S44 i Bk, BIXF T 30 m
KA 0K BE R A T 0.3 my 36 T e K I g
J1, Bt E R L2 ARG IR RN D, = 3~5
(B R 3~4, 05 | Jg 4~5) , Forfr &k g 7K 38 22
FE, D, HECKIKIR . AR AKOCHR I RECH
0.2m "B, ZR R G A% 35 B 50 m 1 5 i e
SIU M I g v, BIL AR R O IR R G
R R BE 48 bR B R 3 YR MR L (signal to
noise ratio, SNR) B 5 W , 25 & %5 JE IR 52 W 35

s P R 2 B s P S 5 R B 1 EE B (XDA15020400) 5 | 9 1T T 2% B 4% B OK & 00 YE B

sigi.hu@outlook.com



1396 ) G == T

fa B F 2 R 2021 49 H

) i PR P A D R, T TR AT R I Y B/ ME
WL E SR 3 AR SC LU /AME M LR T 3 AR
HEPEAT AL AR PO IR R G S B, LA 2
B R RN R L A8 A o B 380 R O I TR ARG
T8 bR 32 B3 A 15 (0K BE B2 IR U T SO
IR 28 B8 IR Ak 815 95 45 Bl s 30OE T 2 R A
[, JF ELEEIAE A o 3R PR Ok A8 A Il ) 2
I 2 0O SO 1 A 04 52 0 LT AT LA 220 S R
WA il 3t 0 2 2 22 e M [ 9 #) TRO'E AE 1

T AL R I 52 B0 I 5 TR R R ORI 4 R
Wi, MCTAT B A 2% B fhk v R T T O™ B A E
2K L [ I 1] 30 iR 32 AL il VA K TR JBE S AR BRI
M R 1B [l 39 45 - v o 0 A OB 1R 5 19
37 5 J2 B DR WL RO I RS JE 1 S B AR SR
JH S I 7K 5 R % 1] £ 5 HEAT S R P AL,
A 505 R 2 5 B0 Bk b g SE 45 R B3 A il
O E JE 30890 4%, 0F AN [ % B2 1 1] 5 A5 5 BEAT A I
JO7 D PE 98 904, B2 v 0 RN L

*®1 MM RENMN BB FHAEMNRRGEEESH /m

Tab. 1 Performance Parameters of Abroad and Domestic Representative Airborne Laser Bathymetry System /m

34 CZMIL HAWKEYE III LADS HD LADM-I LADM-II Mapper-5000
HURAS NS S [0.15,50] [0.15,50] [0.15,50] [0.5,50] [0.5,50] [0.25,51]
HURAS S 0.36 0.36 0.36 0.31 0.3 0.23

AR SO Joxt ML N TR A e R O AR 5 1% f ke
PERIF AT, PR 23 AT WOL (R 5 Zead KR -l R
T - 765 7K - 5 - A5 I AL S B ko g
6 RE T T IONDERED 8 5 FL AR 3 0T 1% i ek
AR AR T R G S 0T, L R S KRR 50 m
AR, BT AL AR BOL IR £ 58S LA 2 I BR
A RGRIER, IF M AR ST RO e R IR
JE RN AE AR 5 S8 Jm HR A8 AN [7) L 01 38 £ 5 ek i
TN DG TE B I A L I 3 0 DG T 8 B
fe Je o 5 X oM A 0 DT I 3 I A 1k 5 T
SE VT JE 18 I8 A I R0KS JBE 46 b, D it — 2R T PL 2R
TR OG TN TR 2R S8 R PE RE £ BEBT A PR i 42

1 HtfEsSEmsES N

P S0 7K 5 K, %o KL BE 500 m, KR
TRIE 10~70 m B4 1819 £5 5 HEAT 508 R 2 (7 B, 73
e A [ i K R BE T B O A& i R R AR f o FE L
WA PEBOCMIR RGP BOLE S 2Rk ad K
TR TSR TR AR B K U K AR R R
T K TS AR A i A P o CRAL
b SFTED) o O AR AR B B A, R T 2 0 i
DG Ik v AR OB B IR AL, v S5 T E T T AR R
(132 Bf , 65 138 B AL T IR R A9 IR AE T
T AN [ A7 B D' 7 2 W A T 1 Tk 2 Al B kA
Ir b 2E AR IK T 5 DA 7 AR R U Tk
28 Bt XU A REFE AT KR T X RO B R
W R RS A I i A 3 O = TR O A T
Vi | R TR R B R U L R bk b R B . B X
WO AR 7 e K b B AL S e v 22 AR B 5T, HRT )
ZR SR R PRI TAIE L, i 7E 22U

ST Y O 0 4% SR G T Ol H AR Ok R B 4
1o VK AL B WAL R A R . B AN A T
FER I, R SRR W 8 i A5 B 0 O A% e
PE A5 Ak AT DA R 0 S I O A R AR
AR PR AR SO SR FH S K 5 B o e 3
545 EAT S0 2 0 B0, R FH IO Ik b R 58 05 31
S5 RV [ A I UG I8 A XA [ R Y T
55 AT F A 0 D JC 8 0%, 35 B I ORS B 1Y
WEoE H br o KA B AL 5 50 R 2 05 A
SCHR[28-30 ] ik .

e NN R N G o s SR
Jik S8 A5 S BRI 325 OBk vp
SR T B EEY) R JEBERDN E K
A A e ok B B o Ay il R R 22 v Y
R ERAE e, W 1 I 18 B T 2K 37 6 1 1T ) Rk
B LR R EE D) R I ROGES 45 A kb i
AR S BIR , 225 B AL AT HLEI R R 42
SO IR S BT R OG K 532 nm O
WA T 1.5 X 10° W (CH: Hr ) s ik v 58 %8 2 s,
ko ae & 3 mI) MO K BUMA 0.2 mrad . IR
BR 0.1, KAJEHFEE 0.08, KHLE B 500 m, i
I XU 10 m/s. 5K {5 18 52 5 R Bl A %
115 1 S B 46 I R e I R B a L A
SRR F g, g = 0.924 7] DAAR 4 H 75 & 48 K 250
VKR L KT S ORI K T, Gn Al 1
FE7R L BT K A B i S 3R R 2 S BUK IR 40~
50 m 7K 385 32 U 3R B R R RO

WO ik v 28 35 500 m K AL i, T8 ad 1 K
4 W8 RN S B T e 500 m KA i 3 ik 42
WO T, DG BE A B R P R 2 s . A



5546 5 9 )

WY B 7 A LA SO I R AR e Y 1 3 N DC P U D 1397

B 207 LA, 32 00 /K SR RO 52, 6 BE L
e I VA K R B ) I 2 R B . BB
10 m KR 42 09 9.3 m, £ 55 2 70 m KRG P
J'E B4R R 327.6 m A K G BE |, G BE 4 38 Bl T /K
TRV Y B PR EE R . SR BT R AR 5 5 B
T T WOCAR 5 4 ok ¥ K A5 18 J5 09 58 1505 fif &
AR R DR I 4 AL A A 3 WA 3 o S 4 )
WA W8 B = A S R 2 T AR A 1 42 WA T O B
7 25 S A R LB OB IR R i S
Bt i A S .

2 g 7K AT T R WO R O S e [l A
5B TR I K TR A 10 S RO 0 G B
i VR B A 16 0 I A O A S Y Tl I B A
SR TE AR B R SRR Bk AT O
1% i 05 B, R AR BT 1 [l 9% A 5 R G &l 3 r
N M 3HTLLE Y kol 2 5 | 4% B0 g K TR BT
14 165 o0 i i ) S 4R K SE A 2 ns, #E UK 10 m
IK I K 58 Ry 25.4 ns , A% i 22 70 m K BRI bk 58 J

Y B 101.6 nso MR bk vh & 8 07 HL 45 2R WP
JELUE 4 v 7 I TR 3 2 B B TR BE T BRI 2R
W, IR SR FH A6 52 A1 2 19 D BE 98 O D E
ES R ONS) QU A VAT A TR/ 7 A
JIE AT (4 AN [ R 00 38 5 ok b & S K5 A O A
Sr AN R7RS 5 4 SR 1IN 8

P 1 A [ 4% B8 9 7K i 2 0 MR i R K
Fig.1 Attenuation Coefficients and Absorption
Coefficients of Seawater at Different Depths

F2 O TE B R

Fig.2 Spot Expansion on Receiving Plane

2 REFBWSHRIT

LA T HOL DR & G i fie KD o VR B2
(] 9 15 5 15 W b o s MRS ST B 05 H A0 A, il T
[ 30 A5 5 9 G BE D™ e Bk LA W B, 2 W £ TR L
S A WCALAR B AR WO 3 iy 005 T () I A2 M 7S
FR52 MR o M PR 2 B Pl EORL R P I RO AR
FIH SO R (5 M bE T A

P,S(2)

SNR = (1)

4(TB

\/zeB[s(A)(P_\. +P) i)+

X, PR SO 3 A SCrb [ R 5 2 A d
SRR D B AR AT e I 5 B IR I 4
HL 24 40 55, HOK VB 50 MHz5 4, = 2nA S #E0
RIS 5 S(A) = 0.4 A/W Ry 330 25 11 1 157 5 5 4
R IR 252 A T O BRI 28 AR s R b £ 38
HiBH ; P, o 5 SO MR A I 38, 35 SOLME A th RS
58 520 B K F Modtran {5 B A5 3
T HOEME A DR 5 0k

P, =1, X nr* X n0f, X A (2)

A LT SRS AR 5 0., 50 5 I



1398 T NCTETE R

2021 59 H

3 TR [ A5 5 ik i i 58
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Laser Bathymetry
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Abstract: Objectives: The airborne laser bathymetry system transmitted laser pulse through the complex
channel which consisted of atmosphere, air-sea interface and water channel. The signal power decreased ex-
ponential with the increment of the water depth, and the pulse waveform was stretched and distorted at the
same time. These two types of transmission characteristics would limit the maximum detection depth and
the measurement accuracy of depth, respectively.Methods: The purpose of the proposed algorithm is to im-
prove the measurement accuracy of laser bathymetry system on the premise of ensuring the maximum detec-
tion depth performance. First, the water quality and Monte Carlo simulation method are used to study the
different depth of echo signal characteristics. It reveals the propagation properties of laser signal and estab-
lishes a new parameter design method for laser bathymetry system, which can meet the requirment of inter-
national airborne laser depth bathymetry system. Then, the waveform distortion of echo signals at different
depths are simulated under the specific system parameters. The adaptive matching filter algorithm is de-
signed to improve the measurement precision. Results: The simulation results revealed that the designed
system parameters and the adaptive matched filtering algorithm can achieve the performance with the maxi-
mum detection depth of 50 m with measurement accuracy of 166 mm in the daytime and with the maximum
detection depth of 70 m with measurement accuracy of 172 mm at night for laser bathymetry system.Con-
clusions: The results show that the adaptive matched filtering algorithm can improve the measurement accu-
racy and serve the marine surveying and mapping of China.

Key words: laser bathymetry; cross-media laser transmission; adaptive matched filtering; Monte Carlo

simulation
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