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Tab. 1 Basic information of original and thinned normalized point cloud experimental data sets.

Kot RoBERE  Hn PR JSY=t WEAE Mg H M RARE BRRK&EE P& aEbEE
G5 The ratio of Point cloud Total Number Number of % Minimum  Maximum i3 Height
No. Data point cloud average points of ground vegetation Number height height Average standard
set density density points points of other (m) (m) height deviation
(p/m?) points (m) (m)
1 100% 311.5 721609055 5475396 716050568 83091 0 28.274 8.141 5.052
2 50% 155.9 362553362 3590112 358921699 41551 0 28.009 8.136 5.050
3 10% 31.4 72458210 1874068 70569867 14275 0 27.024 8.044 5.050
4 5% 159 36231632 1231184 34993337 7111 0 27.002 7.970 5.042
5 2% 6.6 15296135 459483 14833766 2886 0 26.958 7.865 5.046
6 1% 3.6 7249484 299740 6948300 1444 0 26.520 7.771 5.044
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FRARIE B SO P B I 5 o 7SI X N 3R AT
BEALHIARE, B2 BE AR o 25 A PR AR AR 8 [ e
TRE, LRI B A1 R A6 H s 4 H ) b A Ao A
AR K SOt B 2, It EEER ST
B, HJF ¥ (Average value, AV). i /M H
(Minimum value, MinV). & KX{&(Maximum value,
Max\V) & br#fk 7 (Standard deviation, SD), LAE &
TR A [F] 5 2= 55 T 0T AR PR 8 S s 4R B R B 52
M, K| Arcgis10.0 A4 5256 [X A B LA B 100
MR R, N T RGOSR, B T
MENGRE XA EEEANT 10m; 45
BENLRS A& m s T ARAR B B X, N T3 s A
B B 1 A DSM & 100 ANBENLIFEAS
AT 1 R .

B el 1 AR DSM K BEHLAIREAG 25 2300 A7
Fig. 1 The DSM generated by Data 1 and the
distribution of random sampled check points.
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SRS RN
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ZEEAREZE A 0.04 BENF] 0.14%, BSA 4 N{EH
THBIR/AN . ZERIWAETE 0.74% LA (FH2) o &
b, SRR, SREEIAR P WS S p
7 PR A FE RIS I AR /N

2 s SR AR R R H AR P B A [ B 2 1
ZEgitE (%)

Fig. 2 The difference statistics of CC and GF extracted

from thinned data and raw data in the 100 sampled points (%).
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BRI ZEFIME N IE, M 0.00%3 /1 E] 0.03%;
ZEAEFR#EZE A 0.05 S HNF] 0.09%, B&A 3G {HH
IR/ ZERIAETE 0.43% LA (B 2) . 4
7 RERRAG,  REC R PR RS g i, (LA B
A2 PRE RIS P BE R s A AR /D, T it e 5 A A
BA R RHIE

(3) X TR 5, B E AR R L 1)
G0, A 2-6 M A BEEU T AR AR S B 1
FREERIF e T RR i B 22 B P 3 M -0.50%0 32 3 9k
INE-4.23%, ZEAE bR UHEZE M 0.93% 1% T 1S 0 F
1.88%, ZEAEARIEAEL2.5%~9.2% 8] (K 3) . 4
R %L 311.5p/m? fF24 155.9p/m? Bf, I[HI A
FEH A T A N-0.50%, AU AR S =
2 155.9p/m? (%4 3.6p/m? i, AR SRR
1B )P 358 HH-1.68% 080 /)N 22-4.23%, AL BE f 1
Ko Bk, Sk b, & PR = %R, XA
TREER I A K, (HS BB RN, KT
TR BRI S W A A 2, AN 31 DX 3 Th #R i
HUFAE BRI IR L o

3 il 5 5 SR AR Bl SR LAT 2 (E GE i 8 (%)

Fig. 3 The difference statistics of LAI extracted from
thinned data and raw data in the 100 sampled points (%).
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D61 1381 4632 0415  1.625 BB A S REIR I 72
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D21 0260 2711 7239 1461
D31 20198 6941  -6962  2.429 ANTE] 55 2 5 BB 5 BE LA A 55 2 1 o A R AEAS
ddoo(%) D41 -0.048 6590  -8277 2357 R, .
D51 -0.152 6227  -6932 2588 =3, B, TSR AN E R s B X RS
D61 20150  8.845  -5.061  2.946 FEy Zefy ELAEE gt 2n ) ’
Dol 0130 b 506 D R, ATFRLIURME S SHRL. Ao, R
D3l 0051 9685 7190/ M295 S R AU R, B O S SR %
dh10(m) D41 20.117  3.898  -8.143  1.045
D51 -0284 3991 8967 1387 FERTEE e, AEEMPUEE S, BE SRS
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Effect of point cloud density on forest remote sensing retrieval index extraction

based on Unmanned Aerial Vehicle Lidar Data

DUAN Zhugeng' WU Lingxiao' ~ JIANG Xueliang'
1. Department of Civil Engineering, Central South University of Forestry and Technology, Changsha 410082, China

Abstract: [Objective] Point cloud density is an important parameter of lidar technology. Point cloud density has
an important impact on the extraction of remote sensing retrieval index for forest. [Methods] The experimental
data, sized by1600m*1450m, had been obtained by UAV Lidar and thinned by the graded random thinning method
in order to simulate different point cloud density during actual operation, which was used to extract the remote
sensing retrieval index for forest such as Canopy Closure(CC), Gap Fraction (GF), Leaf Area Index (LAI) , height
quantile variables and density quantile variables. Then these parameters were used to make difference comparison
with the indexes extracted through raw data. [Results] (1) The lower the point cloud density is, the lower the
extracted Canopy Closure is slightly, while the extracted Gap Fraction is slightly increased. The point cloud density
has little influence on the extracted Canopy Closure and Gap Fraction. (2) When the point cloud density is high, it
has little impact on Leaf Area Index, but when the point cloud density is small, it has a great impact on Leaf Area
Index, and some areas may have sudden changes on Leaf Area Index. (3) When the point cloud density is large, the
effect of point cloud density on height and density quantile variables is not obvious, but when the point cloud density
drops to 3.6 p/m?, there may be sudden changes in density and height density quantile variables in some areas.
[ Conclusions] In short, the point cloud density has an important impact on the description of forest structural
characteristics. The appropriate point cloud density is conducive to describe the forest structure morphology more
accurately, but the low point cloud density affects the extraction of remote sensing retrieval index for forest. This
study has certain guidance and reference for selection of point cloud density to estimate the remote sensing retrieval
index with UAV Lidar on forestry.
Key words: light detection and ranging (LiDAR); point cloud density; the remote sensing retrieval index for forest;
unmanned aerial vehicle (UAV)
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