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Abstract ; Sustainable forest management mode is helpful to realize the high quality development of ecologi-
cal civilization construction. The key of forest management is to obtain the result of single tree division of
plantation. At present, UAV —based LiDAR technology provides application space for the precise location
of individual trees and the precise division of tree crowns. In this study,canopy height model (CHM) was
used to detect and extract information about the number of individual trees,crown and tree height,and to
evaluate and analyze the influence and accuracy of spatial resolution and point cloud density on the results
of individual tree segmentation and crown extraction. The results showed that this method could accurately
segmented P. orientalis plantation and extract the crown information. Overall, the accuracy rate of single
tree segmentation was higher than 75% , the accuracy rate of tree crown contour extraction was higher than

65% ,and the regression determination coefficients of measured data and extracted data were higher than
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0. 6. Appropriate spatial resolution was helpful to improve the accuracy of single tree segmentation. When

the resolution was 0.3 m,the results of single tree segmentation and tree crown extraction were optimal.

With the decrease of point cloud density, the recognition accuracy of the number of individual trees de-

creased. When the point cloud density was 100% ,the F value was 89% ,and when the point cloud density

was 10% .the F value decreased to 73%. The CHM model could be used to accurately segment individual

trees in the plantation,and could distinguish the overlapping,covering and deviation of tree crowns. Moreo-

ver,the effects of spatial resolution and point cloud density on the results of single tree segmentation and

crown extraction were analyzed and the accuracy was evaluated,and the optimal selection of key parameters

in single tree segmentation was identified.

Key words: Unmanned aerial vehicle lidar; Single wood division; Structural parameter information; Spatial

resolution; Point cloud density
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Fig. 1 Overview of the study area and collected point cloud data
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Table 3 The precision analysis of single tree segmentation

results under different point cloud density

MEEECD Tp Fp Fy P R F
100 85 8 12 91% 88% 89%
50 74 8 22 90 % 76% 82%
20 68 9 29 88% 70% 78%
10 62 10 35 86% 64 % 73%

3 #wh5itiw

3.1 g

ABF IR FE T TC A ML O TR 1K AR AR
RS FUE SR 2= S AT AT M, o B T A [y B
R P 23 B X B R 43 B RS 5 4 2 L 14 5 el O
AR TR M

D) T Jo AWLEIE O TR 7K 5 AR A et 2 i B A
AT DL 4350 N T A0 AR R 4R JBORS 5 £ R . A A
bR B B R Y > 75 %0, H & ™ R Bl R /N B AR
A M LG 000 281 5 A e s G R BBORS A 2 11> 65 04 L )
5tk 22 1] 1) B S | 28 U B TR AR 43 B A M X
S A TS AR AR R AR EUECHE 1 1D 0 A3 A e
FEI>0.6, I RiR2EH <5, 2,

2) PEFEAG 1 1Y 25 6] 43 B R B T4 e BROR 43 )
KR Y MR 0.3 m X 0.3 m W B AR 43 ) R
AR USSR O B . e BROR A3 ERE R
91 % A% e 4 BURE A SR o0 75 %6, [T UE A AT B D SE &R
ok 0.818 9 M1 0.837 1. ¥ RiZ 2K 3. 847 5 il
3.691 5, Bl 25 (W) 3 AR B AR, 50K 73 BIOKS BE RO R
S B HORS T 35 B F B, B R o B4 s Bl 3 2 ()
A3 PR FRR o B RCR B F S T S A AR B
i BRI IR IR 2 R o B B A

3) BRI 5 A 9 B BB 17 245 S0 52 3 i s o
MR, AWEE R IR & 5 2 5 R Y BE AR, B R %K
i (18 TR A B8 A BT R AT R B (BB 22 T B [ I s 23
FIEE 3 1) SR I B3 U SR B e 34, MR BB R
100 Yo B, AR PRSI BBk 85 Bk F {HR 89%0, 4
MR 10 0B, IE IR B A BOR R R & 62 Bk
HFMHR 3%,

3.2 iFig

3.201 RRGHENERSHNERY N B
MRl 9 A X I R R SR RN W B L HE S T
AW T R HE AR E R L., £ H T ARG
S AN R RUEE T MO 508 SR B I, AT 3RS 1% =5 (] 43
e BT ) BEUGORS B A R0 . AW ST
T AS ) 20 HE% 0.1 m><0.1 m.,0.3 mX0.3 m,
0.5mX0.5mAM1.0mxX1.0m Fi CHM {5 &

FIR 5 4 LA 2 & 30, 28 () 43 HF 2 0.3 m X 0.3 m
BF B 43 B RO e 41 BBORS B B i - x4 S PR H o
ZELT Y in AU OISR R R A R s B Y 4 R —
. AT Gy HER S AN B S3 FDORE BE R R e 4
HSORG B2 17t 30 R B, JRt DA AT g 2 CHML Ak 333 1 °F
T RN T XE LU O R A SR, K
gl B TOE PR EUSE AN NG B T S R T
Sy HER R, CHM 5 BAFTE i BE AL B W] 6E 3L
56 2% 1R R T AR 2 5 B 905 2 R N A A 1 1
M B E AR T B AR S
TE UG AN 4 R 0 IRl B, PG00 75 3 — 25 i K
S B R T 1 B 22 Yk 43 B At A BTG
3.2.2 BEBEMERSEHNERY oM W
T A AN SZ B 23 6] 43 B R 5 5 A2 B R
2 B FE WS A e 22 1) ) B S | 58 U AR R el T B
AR SR ) RF 0 B A o ) w0 g X
AR E BB T E 2 R T &3, R 5y
FEIKEG BE Bt 5 05 B B > BR R R R A
89% NFES] 73% , 4 B BRI B 4 U oy L4
BA S, T R A S o 1 R [ B A s R R A
BT BTN 22 e R T B A B A
FE b T BB TR I R B B A BRI, T AL
ARG ol A ¢ o 1) RIS P B8 FOOAK 43 9 B, HLBR AT B8
JIN o TR B g5 22 A R )P0 A B e 25 S PROK 4 5
A B ™, 5 O DA B X o e B
2B BE A /N S AR AN U3 BE T AR X DA X
ISR MOR R e th B, 45 5 ¥ 1 & 4 40 4 oA ()
— AR, S T LG, R S B R
25 BEAR

SE M

[1] HAN C,CHEN N,ZHANG C K,et al. Sap flow and responses
to meteorological about the Larix principis-rup prechtii plan-
tation in Gansu Xinlong mountain, Northwestern Chinal[ J].
Forest Ecology and Management,2019,451:117519.

[2] HARPER A B,POWELL T,COX P M,et al. Land-use emis-
sions play a critical role in land-based mitigation for Paris cli-
mate targets[ ] ]. Nature Communications,2018,9(1) ;2938.

(3] BraEds. 5L TR % > 09l HLEGHOE s 19 5K 43 #1553 0F
FELD]. m At B UM K2, 2021,

(4] REWT,JLS M, XE % 5 TR E S 218 AP 260 EG
MR 5t 3 W1 L0 0. ZR AR T2, 2023.,39(3) :140-149.
SONG H X,YOU H T,LIU Y,et al. Deep learning-based seg-
mentation of Citrus tree canopy from UAV multispectral ima-
ges[J]. Forest Engineering,2023,39(3) :140-149. (in Chinese)

[5] #E#E. T H A LiIDAR Lz BUHE 09 Ak R g 72 5 4 w5 42 B
[DI. MR AR AL Mok K2, 2021,

L6 XUMESRJUH A Tk i L 55 6 T T8 AHLIOE 75 35 20 = B0 19
R SY EURE 5 LI, b Mol B B Ok 2 4, 2022, 42 (1)



%56 M 2L A T ICAMLEHOLE 1K R 2 BUE 0 A AR B R 43 B 5 179
45-53. tree crown delineation from airborne laser scanning for dis-

[7] sk, x09E, B, 55, 3T 0 AHLIHOE B 8 R 200 3% B0 19 7% eased larch forest stands[ J/OL]. Remote Sensing, 2017, 9
A R B IO IR ELT ] BRAR TR L 2023.39(1) £ 29-36. (3):231.

ZHANG X,LIU Y,YU S.et al. Research on extraction meth- [18] F&Hiz, by IRk, & F T IR AN EZE LIDAR S = /)
od of forest tree height based on unmanned aerial vehicle Li- N T AR 43 E B2 ()], PR Ol B K22 2= 4k, 2022,
DAR and multispectral data[ J]. Forest Engineering, 2023, 39 42(8):66-77.

(1) :29-36. (in Chinese) WANG X Y, HUANG Y, XING Y Q.et al. The single tree

[8] Ty, i S84, W VEvE, 55, BAMLER O E B AN TR K5 segmentation of UAV high-density LiDAR point cloud data
EIB WL, Ot 54046 ,2022,52(5) :757-762. based on coniferous plantations[J]. Journal of Central South
YU H Y,FENG S W,SHEN Y Y,et al. Research on single University of Forestry and Technology, 2022,42(8):66-77.
tree segmentation algorithm of UAV-based LiDAR plantation (in Chinese)

[J]. Laser &. Infrared,2022.52(5):757-762. (in Chinese) [19] YIN D M, WANG L E. Individual mangrove tree measure-

(9] BRESR.ZKE . HHE,F. AL BT 5 3 BOR W ment using UAV-based LiDAR data: possibilities and challen-
AR AR BLI]. Rl TR 242, 2020,36(22) :50-59. ges[]]. Remote Sensing of Environment,2019,223:34-49.
CHEN R Q.LI C C,YANG G Jet al. Extraction of crown in- [20]  SBEAZXUPA 0 g e . 2, o TAR 0 12 i 23 K 0 230 5 i Y
formation from individual fruit tree by UAV LiDAR[]]. O PR AE AR R S B[] . Bk (E B Rl 2R R i,
Transactions of the Chinese Society of Agricultural Engineer- 2016,18(9) :1259-1266.
ing,2020,36(22) :50-59. (in Chinese) GUO Y S,LIU Q S.LIU G H,et al. Extraction of single tree

[10] Z=FR, 02 AR 5. HLEROEE B A TR 5 805 crown from high resolution remote sensing image based on
P B AR BE 43 M [ ). Aol B2 ,2018,54(12) : 127-136. marker-controlled watershed segmentation [ J]. Journal of
L1 P H,SHEN X,DAI]J S,et al. Comparisons and accuracy as- Geoinformation Science,2016,18(9):1259-1266. (in Chinese)
sessments of LiDAR-based tree segmentation approaches in [21] 4=, Z=0 9 8 01, 55, 38 FHJC AL 75 35 B $2 3005 Ay
planted forests[J]. Scientia Silvae Sinicae,2018,54(12).127- RS REAE A Kb el 48 BRAEAULL T . AR b Al R 2224, 2019,
136. (in Chinese) 47(11):52-58.

[11] VEGA C,HAMROUNI A,El MOKHTAN S,et al. PTrees: QUAN Y,LIM Z,ZHEN Z,et al. Extraction of characteristic
A point-based approach to forest tree extraction from LiDAR factors of Larch crown and simulation of crown contour using
datal J]. International Journal of Applied Earth Observation UAV Lidar data [J]. Journal of Northeast Forestry Universi-
and Geoinformation,2014,33:98-108. ty»2019,47(11) :52-58. (in Chinese)

[12] WANG X H,ZHANG Y Z,XU MM. A multi-threshold seg- [22] LIWK,GUO QH,JAKUBOWSKIM K,et al. A new meth-
mentation for tree-level parameter extraction in a deciduous od for segmenting individual trees from the LiDAR point
forest using small-footprint airborne LiDAR data[ J]. Remote cloud[]]. Photogrammetric Engineering and Remote Sensing,
Sensing,2019,11(18):2109. 2012,78(1) :75-84.

[13] ANGIULLI F,BASTA S,PIZZUTI C. Distance-based detec- (23] Bk, #oub e, FEI0 T 45, 25 T 0 OG5 20 2 0 1 2%
tion and prediction of outliers [J]. IEEE Transactions on MR AR A RIS = Em ()], R AR5,
Knowledge and Data Engineering,2005,18(2) :145-160. 2019,34(2) :243-252.

[14] ANGIULLI F,BASTA S,LODI S, ez al. Distributed strate- LUO Y B.HUANG H Y, TANG L Y.et al. Automatic ex-
gies for mining outliers in large data sets[ J]. IEEE Transac- traction and 3D reconstruction of forest tree height and DBH
tions on Knowledge and Data Engineering,2012,25(7) :1520- based on ground Lidar point cloud data [J]. Remote Sensing
1532. Technology and Application, 2019, 34 (2): 243-252. (in Chi-

[15] ZHEN Z,LIN D Q,LIAN J Z. Trends in automatic individual nese)
tree crown detection and delineation—evolution of LiDAR da- [24] kW FK, MU, %, JETFHLE LiDAR Uk £ WLl &
ta[ J]. Remote Sensing,2016,8(4);333. Al I B A EE [T ). P Ak bR B 2 4, 2015, 30(3) 1 164-169.

[16] ZHAO X Q.GUO Q H,SU Y.er al. Improved progressive HUO D.XING Y Q,TIAN X,ez al. Quadric polynomial fit-

[17]

TIN densification filtering algorithm for airborne LiDAR data
in forested areas[J]. ISPRS Journal of Photogrammetry and
Remote Sensing,2016,117,79-91.

BARNES C,BALZTER H,BARRETT K., et al. Individual

ting method for estimating single wood crown amplitude
based on airborne LiDAR [J]. Journal of Northwest Forestry
University,2015,30(3) :164-169. (in Chinese)



