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Fig. 2 Raw ranging data of vegetation coverage area
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Table 3 Table of ATLAS relevant parameters
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Fig. 7 Effective signal range of photon data in the experimental area



N

IRAE G A - W R R AR AR A B N DI T RO R I8 5 i 527

LY, R RS e 33k X i BT R0 5
Ji B T 2 WL 5t A T R S M, Al ) B A
BUE N 5 ms, HAGHEIBE AR BBUE R T m, HHT
T B AR . WP BT RIA ER RERAKIE S ARK
RS ARSI BRI s B /N TR, BIIM
& POETFEARSGE, 55T 4 Fh 28 520050 A kL
FMpeh AL (F8), W ok 2R AE Sy A% S i i HL
RS PR R R A YE L AT DL R IR S
BYHE R E X (K8 (a)) 50 a4 X
(E8 (b)) EEES LS TFRRE TAK
b, HARE NS EAES T |
£ SNR BRI K AR X (B8 () HEI8 (d)),
FH WA GETH 0 7 BAR e R BR2s Sh 6
RZR AR rfr— B A5 55 I 75 S 7 1) I A% K B A 2050

219 2.19 221 223 2.25 2.27
B 8] /s

(a) FHBH G X

(a) Vegetation cover area

B[] /s
(c) 3T R AK AR
(¢) Nearshore shallow water

o

2.00 2.02 2.04 2.06 2.08 2.10

B N TiE— Wikl 2 eas R, KR 8 ik
FE DX Sk, S5 SR s o i, aTLIEH, SNR#
B B A X (19 (a)) fREEAIRIKE N, 78
b ) 300 5k B ST A IR AR AT B R R RO, (H
A TMER T, BN G S 6T R4
o SNREAK AL B ERAKIEX S (K19 (b)) K
A7 TE 2 2T SNR 42 i X 38 Ay 28 10 M 7 1
Ivi] Bk PR 52 7K rp 45 b B/ N B 17 0 B K AR AR B (1 )i )
B S A s, A5 (A v I A A 1 T 7 S T 4
IR E S TR, 1 UM 255 A K AR P T
PREE TR 2 (M s A o RSSO AR e 7R K AR
BEE KGRIV, TR HIE 615 5 ™ &,
KIS F15 5 1 SNR FEAIL .

100

1229525 245I35 2.5I45 2.5IS5 2.;65 2.5I75
B 1)/
(b) BT )3 X
(b) Sandy intertidal zone
100

3.00 3.02 3.04 3.06 3.08 3.10

A 1El/s
(d) iR A
(d) Nearshore deep water
. 55

P8 4N [ 920 DX IoR 25 4 2R

Fig. 8 Rough denoising results of four different of experimental areas
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Fig. 10 Fine denoising results of four different types of experimental areas
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Fig. 13 Shanhu Island area Fine denoising results
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Table 4 The evaluation results of algorithm accuracy
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Denoising method for light weight photon counting LiDAR based on an
improved local sparse coefficient
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Abstract: The photon counting LIDAR bathymetry system carried by UAVs is an important method for island reef mapping and shallow
water bathymetry due to the characteristics of high detection sensitivity and high density. However, the high detection sensitivity also leads
to the acquired photonic point cloud data with large background noise, a strong correlation between the signal-to-noise ratio and the type of
ground objects, and large differences in the density distribution of photons, and the existing denoising algorithms cannot be well applied.

In this paper, a denoising method for raw photon observation data is proposed. First, the effective signal interval of the raw photon
observation data is calculated based on the histogram statistics method, and then the data in the interval are coarsely denoised by the grid
statistics method. Finally, the local sparse coefficient method is improved, the horizontal ellipse search is used to calculate the local sparse
coefficient value of each photon data in the grid, and the method of maximum interclass variance is introduced to determine the separation
threshold of noise photons and signal photons, which improves the original photon observation data. Denoising accuracy. Jiajing Island and
the adjacent shallow sea terrain in Hainan Province are selected as the research area to verify the denoising algorithm proposed.

The results show that the average Fl-score in the high signal-to-noise ratio areas, such as the island vegetation coverage area and the
sandy intertidal zone, reaches 94.64% and 98.96%, respectively, and the average F1-score in the low signal-to-noise ratio area, such as the
shallower and deeper water bodies near the coast, can also reach 93.04% and 90.74%, respectively. The overall F1-score is 94.34%, which
can effectively remove most of the noise points and has strong adaptability to island vegetation, sandy land and underwater terrain of
different depths with different signal-to-noise ratios.

In addition, this paper also selects the spaceborne ICESat-2 photon dataset of coral islands in the South China Sea, which further
verifies the availability and applicability of the denoising algorithm proposed in this paper on spaceborne photonic point cloud data.

Key words: remote sensing, photon counting, UAV, LiDAR, local sparse coefficient, OTSU, noise removal
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