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Abstract: Forest canopy structure parameters extracted and derived from light detection and ranging ( LIDAR) technology
could be regard as a noble view and new dimension to the traditional forest ecology research. The near-surface light detection
and ranging on small multiple-rotors drone is more flexible and more efficient to gain local-scale and community-scale forest
plots’ high-density point cloud than airborne light detection and ranging on lager fixed wing aircraft. However, unexpected
low-density sample was spotted in the relative high-density target region, which affects the accuracy of canopy structure
parameters calculating. This project was based on point cloud collected by near-surface light detection and ranging from 4
large long-tern morning forest dynamic plots. Firstly, strip decomposition method was applied to analyze the reason of low-
density samples in each plot. Secondly, point cloud thinning simulation algorithm were utilized to fit deviation curve. We
compared deviation curve among plots, parameters and sampling scales to demonstrate the effect of low density on extracting
forest canopy structure parameter accuracy. Finally, the necessary point cloud density which could guarantee adequate
accuracy of parameter extraction was calculated under each condition. The results showed that: 1) the landform or (and)
the ill-considered near-surface remote sensing programing and design were main reasons of occurrence of low-density sample
in forests dynamic plots. It is relative hard to design and gather high-density point cloud data in rugged and complex
dynamic forest plots (around 30 points/m’®) , such as Gutianshan and Xishuangbanna plot. Low-density sample was often
spotted in the deep valley and high elevation samples in such plots. In the flat forest region such as Changbaishan 1&2 plot,
it is easier to gain high-density point cloud data ( more than 150 points/m”). However, the imperfect design result to 1 hm’
low-density area in the north part of Changbaishan 1 plot. 2) As point could density dropping, the accuracy of parameters
was also accelerated dropping as well, which showed a negative exponent power function. The deviation curve showed clearly
difference between parameters and sample scales other than plots. 3) We could gain 95% exiracting accuracy at 5—20
sample scales with a point cloud density of 16points/m” according to the deviation curve. In conclusion, in order to better
apply near-surface light detection and ranging technology in forest ecology research, we should pay more attention to the
rationality of remote sensing design and programing. Researchers should fully understand the impact of terrain and control
the point cloud data quality from the source. If low-density point cloud sample already existed in the target region, ecologist
could coarse the sampling scale appropriately to gain a satisfied accuracy of canopy structure parameters and extracted point

cloud density-sensitive canopy structure parameter at fine sample scale cautiously.
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forest dynamic plot
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Table 1 The basic information of plots

R BT P % 21713 iR ISONET
Plot abbreviation Longitude Latitude Mean altitude Altitude difference
FK AL 1 FEHL Changbaishan plot 128.083°E 42.382°N 801.5m 17.7m

£ 111 2 BEH Changbaishan2 plot 128.001°E 42.368°N 796.3m 22.0m

T HLFEH Gutianshan plot 118.117°E 29.251°N 580.6m 268.6m

VU XU A FEHE Xishuangbanna plot 101.575°E 21.612°N 789.2m 159.8m

1.2 HOCEHBEIERE T A 2B TR

T 2017—2018 4FAIA AL mtak R A R A Li-Air TTANLBOGTE K RGERICT DR AL 7% 15
MR B . RS S AR R WGS-84 HBEAR R R UTM #5240 bR 5, WFFE# i F RTK-GPS SRAEFE H I
FARBRITTE IR A5 2 TP BT IR M, J e A AR AR A 1 s e AR M AR R 2R D7 S S Ak B 1L R 5 e T 9
EBARRG . T SRR PO RURAFRE ) Y TR U a1 AR T, X R R AR e Ty B = HeRE i
A Y IR AT .

AT A SR B A O G B IR B 4 5 = (Point Cloud ) #% 3K, fff FHFF IR X+ CloudCompare® (http://www.
cloudcompare.org/ ) FIENL 4 LIDAR360® (https : //www.lidar360.com ) X 545 i = B AT a0 F6 e u& % |
H—FAR bR e 4 S T AL B, S5 2l = B R AN 2 S BRI R AR R T H — S =
( Normalized Point Cloud ) /F R iG%dE .
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29.2% ; PE XSURANFEHLAT 325 PREJTAE 4 3 16 fS/m*2Z08], 51 16.25% (B /NT 4 S/m’ IR (1),
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Table 2 The basic information of point cloud in each plot

BEH BB E Point cloud density IR# BERE T Low density sample
Plot S Mean A% minimum % F maximum ASERECV i Lt Proportion Bk Quantity
SRR 88/m? 0.8/m? 217/m? 48.65% 4.12% 103
Kl 2 124/m? 46/m? 214/m? 21.18% 0% 0

7 FH LR 20/m? 0.03/m? 61/m> 37.15% 29.2% 701
VAR AN 1 22/m? 6/m? 59/m? 29.56% 16.25% 325

CV .28 5 2%, Coefficient of variation

MHBIE ok (1) K 1 A B 22, 22 20m Aidy  H i % B S B R e U AR At 3, LA
TER 2 RS BE i ey, ELAE 0 % BB 4 1 1l 2 R [RIAR B - 22, R 22 20m i Ay, JOfIR BEAE T,
XU W7 M 351 22 1) DX, o 25 6 S R 00, SR B A Q) S i, vty T Lt 0 P O i 20 A i 2
RER ol LR L R R A, R 2230 270m R BEAE T — BT 207 A A A ML AL 78, A il 2 Ao i o 44 i v 19
W03, 53— AR o A AEBA A A M U XU A AE M I DU AL AR B, W5 220 160m R BEAE D7 J2 280 A 1
WA, FRTIA X PIASRE E B2 A 2 32 28 phy 0 R AR AN 5 B 5 T S B8, TRl FH AT 7
FROTIEOC E IL 1 AR (ORI Z2 464 ) Rty BT LLRE b (ARERHE SR 2% 55 ) AR B 1 o ) B PR —
AHIAT

Bl BMAZBESHTSEELK

Fig.1 low-density sample distribution and contour map
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2, FEEEHALT A A TRE L S sy, RN AT LR ) % A5 3O TR Ik 8 = 5 AR AR A, B
(ey 2) 5T IZRASHE ST 200m B8 1% 55 2= 25 B v 64 s5/m? XIS ATIT 400m B 19 i, 2= 26 B 8 1 32 s/ m* il X
W, (HB SRR A B — 22k, SR I 1 A6 PR B X ek,

2 KAWL #EMEREEESHIEEE

Fig.2 Point cloud density pattern distribution in each strip and contour map of Changbaishanl plot
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Fig.3 Point cloud density pattern distribution in each strip and contour map of Gutianshan plot
PITE 20mx20m R F ek, Wati2il, Tie e bR AR | Bl E BORE RS B2 K i KO8 JZ i BN 1 o

JEAR AL Ok B AU, AR R B

78 SmxSm R EUHUR J0HAE PG XU 2 A U B L 22l it 1 i

PR TEZRUE LT 3 R A R A SRR FE 5 T A

2.4 ARG T 22 AT R RIREDR I B

FREEALL, MAPE {HZS LR BRI

H13R 3 W] DL, SR R A 2 4 L BEIBURE RURE AR [R] 6 J2 540 2 0 S LA I 32 8 R AN [l T A4k MU
FERE oK, SRR BER A 2 5 B B HURE USROS i e ARG, RIVIBURE ROBE O, i I 205K i 2= B L N Uk
JUBE /N 368 050 2 B R RO s PR IBOHER 175 A, Wi 2 sy | e IR 0K A 2 2 P G
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Table 3 The sufficient point cloud density to reach a given degree of accuracy in each plot at three sample scale

B8 R 20m 10m 5m
Paremeter Plot 90% 95% 99% 90% 95% 99% 90% 95% 99%
BRI 2 v B KA1 — — 3 — — 6 — — 8
Maximum canopy height 1l 2 — — 2 — — 18 — — 18
T L — — 2 2 5 26 2 7 36
VUL RN — — 3 — 1 8 — 2 29
Y- H4y 56 S v KA1 — — — — — — — — —
Mean canopy height K2 — — — — — — — — —
T L — — — — — — — — —
PUBUR LA — — — — — — — — —
- T R R KElt — — 2 — — 4 2 4 18
Leaf area index KA 2 — — 2 — — 5 1 2 20
W — — — — — 4 1 2 14
PYXLRR AN — — 2 — 2 8 6 14 44
LHERE FQENTR — — 1 — 1 5 2 4 17
Vertical complex index Il 2 — — — — 1 4 2 3 10
i — — 4 — — 5 2 3 10
PYXLRR AN — — 2 — 2 6 3 5 20
i BE R KA1 — — 3 1 2 9 4 8 31
Foliage height diversity 1l 2 — — 2 1 2 9 3 5 21
L — — 2 1 2 5 3 5 17
PEXLRR AN — — 3 1 3 12 4 8 43
—RFAH B AT 0—0.5 S/m? il ¥ U
XoF T AN ) 56 J2 S5 H0 2 BOR Ut , AR SR i 2 % T T BB IR R B IR P A2 AT 2 4k . 7E 20mx20m R

http : //www.ecologica.cn



2 4 TARSE A T O T A 2 B BRAMOE SR Z5 A S R U R Y 5 689

B4 FARAEBEZNSHMRZZETUNREHE

Fig.4 Deviation curve of 5 parameters in 4 plots at 3 sample scales
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7E SmxSm RUEE b B T FH 56 2 5 B, Hofl 2 8070 45 M B R B8 B AR SR 5 = B B, B e T ik 45 fh/m?
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