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Individual tree detection in the high canopy density Larix principis-
rupprechtii forest based on airborne LiDAR

CHEN Siyu"**, LIU Xianzhao*, WANG Yixiang"*?, LIANG Dan"**

(1. College of Environment and Resources, Zhejiang A&F University, Hangzhou 311300, Zhejiang, China; 2. State Key
Laboratory of Subtropical Silviculture, Zhejiang A&F University, Hangzhou 311300, Zhejiang, China; 3. Zhejiang
Provincial Key Laboratory of Carbon Cycling in Forest Ecosystems and Carbon Sequestration, Zhejiang A&F
University, Hangzhou 311300, Zhejiang, China; 4. Key Laboratory of Forest Management and Growth Modeling,
National Forestry and Grassland Administration, Research Institute of Forest Resources Information Techniques,

Chinese Academy of Forestry, Beijing 100091, China)

Abstract: [Objective] With low identification accuracy of individual trees in Larix principis-rupprechtii forest
with high canopy density employing high resolution images, this paper is aimed to confirm the strengths of
airborne Laser Detection and Ranging (LiDAR) 3D point cloud data as an alternative with a workable method
proposed. [Method] Based on the preprocessing of point cloud data, an improved Mean Shift with Gaussian
kernel function (MSP) position recognition method on the basis of the spatial characteristics of airborne LiDAR
point cloud was proposed. The comparison is made with other three commonly used methods: regional growing

segmentation algorithm based on point cloud (RGP), local maximum method based on canopy height model
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(LMC) and multi-scale segmentation method based on CHM (MSC). [Result] Identification accuracy of the
four methods is: MSP (89.30%)> LMC (85.60%)> RGP (77.50%)> MSC (70.00%), and MSC, the proposed
method, displayed high average individual tree crown extraction accuracy (90.18%) and relatively low omission
error and commission error rate: 8.7% and 8.0% respectively. [Conclusion] The proposed MSP has good
applicability in high crown density L. principis-rupprechtii forest and provides a new way of extracting L.
principis-rupprechtii forest structure parameters accurately on the basis of airborne LiDAR point clouds. [Ch, 3
fig. 3 tab. 28 ref.]

Key words: individual tree position detection; airborne LiDAR; high crown density; mean shift; Larix

principis-rupprechtii

EALTE WA Larix principis-rupprechtii 32 E A0 ML SR — KM B, BATRE LT RAESNE, 3
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Table 1 Investigation results of basic characteristics of forest stand in sample plot
Feds  RE/(BR-hm?)  CPEIRTE/M PERem CPESEE/m | B BE/(Bk-hm?)  PHRE/m FNRem PR /m
1 2075 13.11 13.22 3.19 5 2100 11.72 13.82 3.82
2 2925 12.66 12.44 2.86 6 2475 12.00 12.98 3.43
3 2500 14.04 15.35 2.99 7 2275 13.45 14.63 2.92
4 1875 13.60 13.41 3.97 8 2125 13.52 13.90 3.34
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Figure | Study data
2.3 BAMEIRS
231 A TEFZRGSENGEARETRA  HEEBRDE METAESEMR% AT AR
PR, R S = A BT 5 S A pREIOH (U J LA TR AR AL, 7T P R % R et 1) 41 i 5 5
P A BEREATRYE, SRR E . WE RSB BEUEIE (¢), 2T 8 =23 [RHIE Y it
BHEER AN BRI, BT () 7S a8 AP R LERE | D SER PR O R, R
HG BB B TE Y h 2B IT A A, IEIER S M, XSS R TR 2R (2) S = = 4EAs )
fE, HEH O S EES M PR EEE S EZ A, SRR M,(x); (3) AL S RS a8
s, iR WA N R M (x) 8 (4) ERE AL (2)~3), HEMRZEE/NT e, 0 m iy
K (5) AR ()~4), HETABIE SIS (6) IR E , B DI L R BIY FUR
YA
232 AT CHM #9382 AR12 B 75 JRydBii KA 38 T B AR 5l T0 0 i F R el i 2% = R I Rk, i
IR DT R R . AW TORHE R 6 1 AR 4 R 1 8 s B9~ 24 e i K/, X8 AR
SPHE ISR 1| MER TSR, R BRI R R KE . 3T CHM M RIS 3 # ki i B4
Pan sl N5 o DS v - S ST DR 7 NS VA = S Tt ol o a N i i S it S i R (ER 22N
5 H 0 BORS BEAS BEAR PR b ok FH i ) X 2 00 2 RO 70 %) . Al eCognition Developer V 8.9 4% {4 %)
Estimation of Scale Parameter 2 (ESP2) T HAR RISl A HIRE . AF5Er, %R 66, EARSEL



5539 B4 4 1 FRET4AE. R L2k LIDAR WS BEAEAL % T AA R B AR 51 803

}0.8, BEIESEN 0.9, FEH BRI R,
24 HAKRHERE

Pea b N v w2 IR T ) o ol [l e S SN O 8= A N SR 2 7 = | - A VA O B e e 71|
TR RBGS R, RO TR (R BRER A S e e Ay BB S, W N LS AT XSS TR, AR TRE
SRS FRAENE M 2 0] 5 T HE . 3645 eCognition BAEXT 1 WU /0 245 AT IX BLG T, 0 EI EF
58, TERSERNEZE S50 78 0.8 1 0.8,
2.5 RBEIFM
251 SBORAEE R RN AR T A e R AR AR I R A L AR T B AR 4 7 R 2
FEAEATE AN B IR ZE TN 1 m; DAEAEARAR SO B, AUEREREN T m R I, HURA & U 45
RIEAMGE XA, WD E . W ER R0 AR BT (Ne) . SEH A A B SEBR B8 (Vp) . RIS
A L (V) BRI A B BB (VR) S8 o TTEORE BE PR AR AR, TSR 207 2 0 Mk 56
AR B BT A S AR AR T TSR . DEVARREEE (Ao) RIIEBR RN A BRI S b i A B
SRR, AKX Ag=Ne/Npx100% . QPRBIREEE (Ap) BV ISR TR0 BEAEE T H B SRR L
B, AH: Ap=No/Npx100%., QU= (Eo) RIA TGN E] 1) B A BB S I8 A5 AR SE R
BOTLLIE, AR Eq=(Nr—No)/Npx100% . @532 (Ec) BIBEAE DRI Sy SR (14 BBk o TR0 s 9 B
REBEEAE, AX K Ec=(Np—Ne)/Npx100%., SR MR (Eg) BIXT [ —#k B & 1R 0 S 4
P B BB H M, A Eg=Np/Npx100%.
252 R ERBOE RN R R R B (o) RFATIEN, AN 0=100%— | (C—
Co)/Coy | x100%, FHorr: Co MMM, C) A ERAXER B HBGE R

3 RGN

3.1 AEBEKRMEBIRANFAERIRANZR

FIF 4 RO b AT RO BRI, A & (& 2) BoR: 4 Bk reln s Ao A A TR
BIBLG, GEA T 2 AT 4R DR X
(Ap) HERMEM T MSP (89.30%) . LMC (85.60%) .
RGP (77.50%). MSC (70.00%); MSP ¥ [ B A
PUR R B4 F Hofh 3 R o 4 B0y vk 1 1R 1
R BE BN T ARG B (o), ULHITAFATE SRR 1R
MBS M2, MSPIEAE iR 2Z Rk (Ec N
8.0%),, MSC %4843 1R 22 (H & 5 (Ec 4 30.1%), Ui
AR S 405 30 AR RLURRAE U SRR I D7 R TR 45 ) 7 A

BRI . FH L RGP FI MSC ¥, MSP 2 i :ﬁﬁ
IYIRE (Eo). AloriR2s (Eo) MEE MR (Er) H# « RGP
%, VR AR P EE AR, i BRI T TR B jﬁg
A B2 IS R, IS AR

I 4 ) B A7 R S LMC 21 MSP 3 B —
M:*%Eﬁlg%% 90%, {Eﬁﬁ%ﬁiﬂ%%ﬁn (Ec) ﬁ'ﬂ’?&, "LE‘E @ 2 4 ﬁ$7}§4’l§_‘bﬂ\f‘r'] éﬁﬁ]ﬂéj\ﬂﬂ—

B MSP 72 57 RE B SR AR A X G A5 1R IR N BRI Figure2  Spatial distribution of the result of individual tree position
7Jl] "L/Eljnl IJ /%\ﬁﬂ/‘] I}ln_‘% o detection based on four methods

32 M#HERBENKBRINER

R FHRIELEEAS 7 ik R AR L 7 i R SRR AR T (1 3) LA SR AR AR AL T W A 200 S W Sy (R, 0 1)
MSP %2 U SRR IR BEA TR BE 23 M, 255 3 3RTHT: MSP ik B2 $R 0K 2 0 90.18% . FpkAR HR
RN T 809% 1 5 ALY 10.20% , HAARERIBURTEE R T 80% (14 15 BMALE R 89.80%. KRN e 7K1
P/ INEIEE R 5 B 62.07% , i v T HR IO R i R B4 2R .



804 LA 3 Nl N =+ 2022 4E 8 H 20 H

®2 4 MBKEEIRMNGENBESIT

Table 2 Accuracy statistics of four methods on individual tree detection

2551 VRS Ao/% Ap/% Eo/% Ec/% Eg/%
. MSP 913+37a 89.3£25a 8.7+3.7 b 8.0£2.5 ¢ 5.8+1.5b
W RGP 81.5:2.6 b 775£22b 18.5+2.6 a 16.7£5.5b 98+14a
LMC 91.0+2.0a 85.6+2.0 9.0+2.0 b 9317 ¢ 43+1.7b
CHM MSC 80.8+2.1 b 70.0+1.5 d 192421 a 30.145.0 a 50+1.4b

Y. RIS R P AR 25 7 B3 (P<<0.05)

A ZETHLE LIDAR =808 A S AE 5 B. A BOBRINSS S n IR 14

F 3 b AR A ARIE R (F13F)

Figure 3  Crown extraction results of improved mean shift method (local)
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