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Abstract The laser pulse emitting from the ocean lidar would be stretched while it travels through the deep sea
water, and the waveform received by the ocean lidar is quite different from the emitting signal. Therefore, the
normal matched filtering algorithm using emitting signal as the matched filtering has a bad performance in
processing ocean Lidar data. To improve the performance of matched filtering algorithm, Mento Carlo method is used to
simulate the signal waveforms at different depths. The simulation waveforms are used as the matched filtering at the
corresponding depth. The adaptive depth extraction algorithm is tested on the data set which is measured in the South China
Sea. The test shows that the adaptive depth extraction algorithm is more accurate and robust on ocean lidar data set. A set

of single beam sonar data is used to evaluate the accuracy of depth using the adaptive depth extraction algorithm.
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Fig. 1 Transmission and scattering of photon packet
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Fig. 3 Airbone double frequency ocean lidar
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Table 1 Parameters of airbone double frequency

ocean modular

Parameter Value
Wavelength /nm 532
Pulse width /ns 2
Pulse energy /m] 3

Repetition rate /kHz 1
Divergence angle /mrad 0.2
Scanning mode Ellipse
Scanning angle /(%) +15
Sensor PMT
Aperture /mm 200
Field of view /mrad 40/6

R
\ +15°
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. \‘
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Fig. 4 Scanning mode of LADMII system
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Table 2 Monte Carlo simulation parameters

Parameter Value
Wavelength /nm 532
Pulse width /ns 2
Pulse energy /m] 3

Divergence angle /mrad 0.2
Sea water refractive index 1.33

Air refractive index 1
Attenuation coefficient 0.54
Scattering coefficient 0.43

Photon packet threshold 1

Field of view /mrad 40
Lidar height /m 400
Asymmetric parameter 0.924

A T K R A i Y o R R R R R A B
B 5 Ot 7 23K A — B B2 AR LT R BN Ot 7O TR
T A I 38 3R Ik b i I e A O A9 O 1 1) Bk

1010001-4



= =
[

log (number of photons)
N ® ©
/
/

10 15 20 25 30 35 40
Depth /m

P 5 )R 0] % RE 4 5 IR O &R
Fig. 5 Relationship between energy and
depth of echo wave
TS W RS 3l Tk 5 9 & A B3O 10 - 1) S S A S
Jok b T ) s B FE B R . B A TR R A S Bk v
ARG 2w . 18] 6 il 7 5 e 98 BE TR 2
AR AL T IR [0 90 JR G Bl TR R e A A AR R Ak
il £ 4 R R A2 K USR5

30

Pulse width /ns
P Do [\~
S S o

—
(=]

10 15 20 25 30 35 40
Depth /m

[ 6 iR Iml ik ik o B B 5 TR O R
Fig. 6 Relationship between pulse width

[

and depth of echo wave

R S 112904 I R B8 R 5 1A R A L O A RS
[Fi) Y65 JFE 101 302 AR TE o K 33k 46 F 7 %8 2 ) [ 952 10 A
SRy S TR R JEE ) VE TE 308 0 2% B A AR A 5 B AT IR
JE T N R VE BC B A o 1 7 Ol JLAS SR PR Y DT
Tic U e i O BEAR A5 = o RIDAS [ 9% B2 114 07 L [l 5 £
BRI 0 m AUR A HOEBIE .

1.0
0.8}
<
206
=
Zo04f
0.2
0 I il ” \ 3 = 4
50 -40 -30 -20 -10 O 10 20 30 40 50
Time /ns
7 VU IE DG A%
Fig. 7 Matched filtering
33 LBER
3.3.)] AERFEERBRAERLEEREBELEFXER
5

P 8 iy [ DU FIE 8 I 59k 5 O I TR R R O,
IEXTKRTRR T 30 m B3O T 2 1] 35 A 21 A 25 21
B A AR AR I ), B 2 ns. 1 ons DK R A&
FEREE 011 m SRR ACR Il P iy L R AR (. )
PLF L FEK R R T 30 m I, OG5 3 17138 98 B2 5l
1 20 ns. 15 2 ns 5EH 9 BRERBOLBOE 22 R EOR DL
JE R OL BT g B A5 B4 18 72 DT B 8 I 5 vk AN g
S WO VB IS [0 98¢, T 36 % R i RO T LA IE R
TAE.

& 10000

g E 80001 — “_/avleform hed filteri

22 6000} T Gepin %}‘S&ﬁe matched filtering

= 9 —— threshol

Z.c 40007

azi 2000

2° T l@, S

S 0 50 100 150 200 250 300 350 400 450 500
Echo time /ns

g 5000

< L —

-E .g 4000 * ‘snilﬁ‘g,leef?nna?tched filtering

g 8 3000t # depth adaptive matched filtering|

g [ 2000 | - - threshold

g 1000 f

ge 1 <

S 0 50 100 150 200 250 300 350 400 450 500
Echo time /ns

P8 AR BE IR K DX Juk C 5 8 0 4 1 5 | 3 B

RERBUAEL R,

& 5000

] — wavefi

S g 4000 * gﬁ%‘%’a‘icma ftering

= tive mat teri

g 3000 2 meshopd V€ matched ftering
&£ 2000

Qo

EE 1000 _ )

—_— 0 n

S 0 50 100 150 200 250 300 350 400 450 500

Echo time /ns

0

=1

S 5000

= —waveform

S8 4000 # single matched filtering
=0 # depth adaptive matched filtering|
g @ 3000 — - threshold

5.9

&< 2000

)

%% 1000

g - -

) 0

=

50 100 150 200 250 300 350 400 450 500
Echo time /ns

(a) 33.22 m;(b) 33.64 m;(c) 34.57 m;(d) 33.67 m

Fig. 8 Results of matched filtering and adaptive depth extraction algorithm in deep area under different depths.
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Fig. 11 Point cloud of surveying area. (a) Fixed matching filtering algorithm; (b) adaptive depth extraction algorithm
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Table 3 Accuracy analysis
Depth /m RMSE /m
10-20 0.239
20-30 0.258
>30 0.292
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Table 4 Performance of different methods

Average Success
Method RMSE /m
time cost /s rate /%
Adaptive depth
. 0.006148 0.263 95.4
extraction
Deconvolution 0.032564 0.227 95.3
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Fig. 13 Location unmatch between single

beam sonar data and lidar data
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