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Abstract: Airborne lidars have been used in shallow sea surveying and mapping. The water depth extraction
algorithm is vital in assessing the system’s maximum sounding ability, similar to lasers, receiving telescopes, and
detectors. The conventional water depth extraction algorithm processes the single waveform data and measures
water depth through the extraction of the sea surface and seafloor positions in the waveform. This method is
susceptible to the influence of strong signals from the seawater scattering layer when extracting weak echo signals
from the bottom of the deep water, resulting in a decrease in the ability and accuracy of water depth extraction. To
address this issue, the one-dimensional echo waveform data was combined into two-dimensional echo intensity
images according to the acquisition order. Each column of the image represented an echo waveform, and the gray
value of the image corresponded to the intensity of the echo signal. Using the horizontal correlation of the image
and through image processing methods such as bilateral filtering and local threshold binarization, the submarine

echo signal profile was extracted. This method both improves the extraction ability of seabed echoes and

ks H#A: 2021-05-06;  1&iT HHB:2021-05-23

EETR: R [ AR (41876105); HiF AL GIF 731114 (20d21206502)

EZ BT EW, 5, WA, EEAIFROETHEIAKT BirEm oy marst.

SIRCGBRIER) BN B0, 5, M50t [+, FR AT LT B AEOE = 4 U AR T A5

20211034-1



ISk A2

% 64

www.irla.cn

% 50 %

circumvents the interference of scattering layer signals on weak seabed signals while also providing a new data

processing method for the combined detection of shallow sea terrain and underwater targets.
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Fig.1 Airborne dual-frequency lidar Mapper 5000 system
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Fig.2 Schematic diagram of receiving light path for sub-field of view
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Fig.3 Comparisons of uncorrected base waveform and corrected base waveform. (a) Uncorrected base value waveform comparison; (b) Corrected base

value waveform comparison
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Fig.4 Seawater echo energy profile
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Fig.7 (a) Seawater echo energy profile after partial thresholding of Niblack; (b) Segmented area corresponds to the seawater echo energy
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Fig.9 (a) Comparison result of image processing method and waveform processing method; (b) Difference between the image processing slope distance

and the waveform processing slope distance

Row

Row

420
440
460
480
500
520
540
560
580
600

420
440
460
480
500
520
540
560
580
600

50 100 150 200

Column

250 300

50

100 150 200

Column

250

Row

Row

420
440
460
480
500
520
540
560
580
600

420
440
460
480
500
520
540
560
580
600

50

100

150 200 250
Column

300

50

Pl 10 AT AL ALER AT AT 1R 1 B 2k

Fig.10 Seafloor echo profile under different motor code numbers

20211034-6

100

150 200 250
Column

300



s Gk A2

% 64 www.irla.cn % 50 %
40 40
(2) —— Image processing (b) —— Image processing
42 —— Waveform processing 42 —— Waveform processing
E 44y £ 4l
Q Q
§ 46 ¢ g
2 2 4oy
g “r 2,
Z 50| 2 ®r
52 50
54 . . . . 52 . . .
160 180 200 220 240 260 220 240 260 280 300
Column Column
40 40 -
(© —— Image processing (d) —— Image processing _
45 L —— Waveform processing —— Waveform processing
45 +
S al £
Q Q
g g
Z 50 t Z 50 |
3 S|
Q Q
g 55t &
w2 wn 55 |
60
65 . . . . . 60 . . .
180 200 220 240 260 280 300 140 160 180 200 220
Column Column
P11 XA 10 DX Pl 1 Ak BRI b Lo 45
Fig.11 The comparison result of image processing and waveform processing corresponds to the area in Figure 10
1.5 2.0
(a) l (W]
1.0 1.5
£ || s ll\ |
5] 5] 0 F
2 05| |‘ ||'| I Iﬂ 2 |||
= A | = L
I IV || I ||'| || £ i
o Il ‘ | I‘. | | ||,|L [ <
é ."J II||II|| "II||IIL/I|‘III | | | ,,‘ |.|| é 0t H/\f\ 'm\/\ || | |||l'_‘~, |
_ L | |
g 0.5 [\ I.' '|f|"|‘ II V I'Il I|,|I g —05 | II"I f \N Klb l ( \
=) I =) ."ﬁ'\"“' \| \
-1.0 | l “LO ¢ ¥
715 1 1 1 1 1 1 715 1 1 1 1 1
160 170 180 190 200 210 220 230 230 240 250 260 270 280 290 300
Column Column
02 (© 02 (d
c
‘| /‘ I|I I.'ﬁlI I.'1|
£ \ £ A
s ol TN B SR iy
9 “,u f || Q | | | (N
§ f\p |I|\|'||I| |||| ||| || § \ IIJIII || I.' "I ‘I-'I \ | || |‘
o i o |/ | (o 1
£ \ | ' e _ \/ 1 " '/ |
5 05V | “I/ W V 505 ] / Vil
g [ " g V | /
Z 10 | I" Z 10 |||| /
= —]. L \ = —]. L \Il I}F
A ' II A “'J ||'l
-1.5 . . . . . . -1.5 . . .
190 200 210 220 230 240 250 260 150 160 170 180 190
Column Column

P12 XSREE 10 XI5 P (A BRI A BRI 22 8

Fig.12 Image processing and waveform processing slope distance difference corresponds to Figure 10

20211034-7



ISk A2

www.irla.cn

R 1 AREEERIFRNE IR B35 A 80 i X HR U # BE

Tab.1 The number of seabed echoes and the maximum detection slope distance of different algorithms

Area Method Number of seabed echoes detected Maximum detection slant distance/m Mean deviation/m
Image processing 82 53.7020 0.5162
Figurel0(a) .
Waveform processing 64 49.1603
Image processing 65 51.5898 0.4461
Figurel0(b)
Waveform processing 55 49.2936
Image processing 101 62.9427 0.4519
Figure10(c)
Waveform processing 56 50.7347
Image processing 71 58.8412 0.4045
Figure10(d)
Waveform processing 22 48.6992
Total Image processing 319 62.9427 0.4547
Waveform processing 197 50.7347
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