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M E: NESRTFEHRMEEENXESY, ERYNNEEARANEXNCEGRUNRHTERFR. BHEHIBEHANS
A4 (advanced topographic laser altimeter system, ATLAS) B9#Fi—fXik. =HMEM#SEEE (cloud and land elevation
satellite—2, ICESat-2) ——ICESat-2/ATLAS ERWESHEBIESFERERSE, BEMERYMEARERNXREE,
WiIX—[ERR, RE—MEAREBENZEERRERBEIZHAFZYEEEZR, sAERAPERRSHEEREHREE
HITHFHE, dEMERWNSE. UNEBCELHBERBNTESERE (canopy height model, CHM) {EJ95aE %L
B, NBSSNE. IKE. BRBSEE3INHEX ICESat-2/ATLAS £ FRIt B E ([ ¢ F B (global geolocated photon data,
ATLO3) IREIW BRI SHHFHTOTTEN. ARERKE, 1) REMNEREEINZEE (R). &R/RE (P) URBNFEY
B (F) WMFELHHEHBSERENXIRE XL (Differential regressive and gaussian adaptive nearest neighbor, DRAGANN),
2) REBERYBEEINSHEERE, FHUBEINIZRE (mean absolute error , MAE) 8249 m, HHIRIRE (root
mean square error, RMSE) 33.03m). 3) BEKEEZM, WSHRBSEZRHEM, RMSEH2.25 mIBXE 6.52 mo
4) BMEBWESENIEN, WSRBUEEZRNEME, RMSEE3.06 miGAZEI4.53 m. EREBPIZAATLO3 N F=HIER
WEEETTHE, EBAMRKEIRERERKRIREERHIEZIE

X§2iE: ICESat-2; ATLO3; XF=ZERR;, XFmHE,; NE, BERSE, KEBBEMN,; HTMNER
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Photon Cloud Denoising and Forest Height
Extraction Based on Satellite-Borne Laser Radar Data

WANG Fangxin, XING Yanqiu*, LI Yuanxin, TANG Jie, WANG Dejun
(College of Mechanical and Electrical Engineering, Northeast Forestry University, Harbin 150040, China)

Abstract: Tree height is a key parameter for assessing forest carbon storage, and satellite-borne laser radar technology
provides an effective means for large-scale monitoring. The new generation of ice, cloud and land elevation satellite-2
(ICESat-2) equipped with the advanced topographic laser altimeter system (ATLAS) generates a lot of noise in the pro-
cess of receiving signals, and the terrain is a key factor affecting the denoising results. To address this problem, a
ground slope adaptive density clustering denoising algorithm is proposed to complete the photon cloud data denoising. It-
erative median filtering and dynamic residual threshold method are used to classify photon clouds and then extract tree
height. The canopy height model (CHM) obtained from airborne laser radar data is used as verification data. The reli-
ability of extracting tree height from ICESat-2/ATLAS global geolocated photon data (ATLO03) is analyzed and evaluated
from three aspects: strong and weak beams, slope, and vegetation coverage. The results show that, 1) The recall rate
(R), precision rate (P) and harmonic mean (F) of the proposed denoising algorithm are better than those of the differen-
tial progressive gaussian adaptive denoising algorithm (DRAGANN). 2) The accuracy of extracting tree height from

nighttime strong beam data is the best, with a mean absolute error (MAE) of 2.49 m and a root mean square error
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(RMSE) of 3.03 m. 3) As the slope increases, the accuracy of tree height extraction gradually decreases, and the

RMSE increases from 2. 25 m to 6. 52 m. 4) As the vegelation coverage increases, the accuracy of tree height extraction

gradually decreases, and the RMSE increases from 3. 06 m to 4. 53 m. The results show that it is feasible to extract tree

height using ATLO3 photon cloud data, which can provide effective data support for studying forest growth conditions in

forest areas.

Keywords: ICESat-2; ATLO3; photon cloud denoising; photon cloud classification; forest height; density clustering;

slope adaptivity ; forest remote sensing
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(0%,30%1(30%,60%](60% , 100% ] , 553 Hei 1 78 o s
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Tab. 1 Denoising results of the two algorithms
A REE DRAGANN &
. Proposed algorithm DRAGANN algorithm
g
Data
R P F R p F
BIEABEBR 0.999 0.980 0.991 0.999 0.890 0.941
Night strong beam
RIAISFHA 0.99 0.970 0.983 0.994 0.964 0.978
Night weak beam
5 'Eﬂ;’fﬁ‘&* 0.997 0.985 0.992 0.997 0.888 0.939
Daytime strong beam
H R S53%R 0.993 0.889 0.938 0.993 0.875 0.927

Daytime weak beam

F2 ICESat-2 FREERFERRENMEHEE
Tab. 2 Accuracy of tree height extraction using different
types of ICESat-2 laser beams

3 2
Type of data Bias/m MAE/m  RMSE/m R
IR R
Night beam 1.49 2.61 3.06 0.74
BRI 5 1.45 268 328 0.60
Daytime beam
£ sﬁﬁ;ﬁ 1.39 2.60 3.06 0.65
Daytime strong beam
E“Eﬂs}?&gﬁ 1.59 2.87 3.43 0.51
Daytime weak beam
ﬁ'lﬂ BB 1.91 2.49 3.03 0.76
Night strong beam
BASR 151 251 3.1 0.71
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Tab. 3 ICESat-2 extracting tree height accuracy under
different slopes

WE/(7)

Slope Bias/m MAE/m RMSE/m R

(0, 101 1.77 1.93 205 0.72
(10, 20] 3.59 2.19 4.43 0.57
(20, 30] 4.93 4.28 6.52 055
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Tab. 4 ICESat-2 extracting tree height accuracy under

different vegetation coverages

BWRBEE/%

i Bias/m MAE/m  RMSE/m R?
Vegetation coverage
(0, 301 2.37 1.78 3.06 0.68
(30, 601 2.45 2.23 3.48 0.63
(60, 100] 3.72 2.83 4.53 0.51
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