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Automatic Extraction Method of Tree Measurement Factors
Based on Point Cloud Data

YANG Quanyue'> CHEN Zhibo' SUN Guodong'
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Abstract: On account of the crown’ s complicated structure and various forms, extracting the tree
measurement factors of standing tree automatically, accurately and nondestructively is an important
research subject in the forest survey. The three-dimensional (3D) point cloud data via 3D laser scanner
was used as the study object. The 3D convex hulls construction algorithm based on computational
geometry was presented to extract the crown surface area, crown projection area and crown volume
automatically. In order to verify the accuracy of the algorithm, totally eight tree species and 120 standing
trees were randomly selected for testing. The average relative errors of standing tree height, DBH and
crown width were 2.33% , 1.10% and 3.92% , respectively. The relative average errors of auto
computing for crown surface area, crown projection area and crown volume were 3.48% , 6.01% and
5.59% , respectively. 3D point cloud data via 3D laser scanner and 3D convex hulls construction
algorithm could help to automatically and accurately calculate the values of these parameters which could
not be measured accurately before, providing a reference for extracting the tree measurement factors of
standing tree automatically via 3D laser scanner in the future. The proposed method had a practical
prospect of application in the survey of forest resources.
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Fig.2 Schematic of 3D convex hulls construction
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Fig.5 Schematics of 3D point cloud data preprocessing
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Tab.1 Information of experimental tree species

I HLT 4 ]
Hi 43 Diospyros kaki Thunb Dk
A Ginkgo biloba Gh
= Magnolia denudata Md
L) Populus sp. Ps
i+ Platycladus orientalis Po
[ A11 Sabina chinensts Se
ESEIN Cedrus deodara Cd
A Pinus bungeana Pb

3.2 BRI T IE X L 44T

ST BRI A% 19 2 2% 1 ply 0 A R (I A 499 B
ROV B W45 . SR B R R AR R S L —
VE R Y ARV 7 16 S I N R I 1) S I £
w7 (PD — 5 SERIES I, 5 J5 Il 4 1 #4524
), D) A5, H R A A I el R R 3 A



5 8 1

WA A . BT A BRI T A 8 H IO % 183

AR R M P B RO A o 223 X FE A /Y 120 RS2 AR
HOR-V €/ TG | VA NETE S N DAY TR B SOANY TR B

RG] ST
FaplA e ]

B 7 AR e S S A DR 22 &
Fig.7 Error curves of diameter, tree height and

crown width compared with reference values

B 7 4y B AT, SR B AR 2550 Ok
-2.18 ~0.74 m; 37 R MM F R RS HAE MR
ZFE K 0.8 ~0.5 cm, fHX T R 5 % (H % 2%
TN = 2.2 ~2.2 em; 37 A IEEIE ) 7R V4 ] 1) 5% 223
Flh - 0.35 ~0.42 m, pg db 1) (9 1% 22 95 B
-1.04 ~0.28 m, X £ iy AH XF 1R 22 AT K G
R 2 Bis

R2 ERMAREFHFHBEMNRE

Tab.2 Average relative error of different factors

of tree species %
. . oK el e
R B mgdbm Kb
Dk 2.95 0.76 2.24 3.43 4.06
Gb 1.79 1. 04 3.41 3.31 3.33
Md 3.87 2.11 4.25 3.65 6.24
Ps 1.39 0.67 1.86 2.87 3.57
Po 2.10 1. 14 4. 64 2.69 5.48
Se 2.32 1. 14 3.25 9.12 4.41
Cd 2.38 0. 66 2.52 2.66 2.52
Pb 1.84 1.31 3.82 3.61 1. 64
All 2.33 1.10 3.25 3.92 3.91
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Tab.3 Comparative and calculated values for part of crown

surface area, crown projection area and crown volume
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Dk0O01 72.66  75.75 23.76  25.29  89.65 95.44
Dk003  104.72 100.69 20.83 19.41 144.01 135.20
Dk0O14 99.33 101.74 21.65 22.50 135.95 141.44
GhO19 40.72  39.06 12.57 11.73  37.53  35.40
Gh027 15.98 14.79 4.91 4.35 9.23 8.19
Gb030  70.77  68.80  20.83 19.88  85.73  82.27
Ps034 163.24 163.89 28.27 26.64 269.93 279.14
Ps036 300.97 303.76 53.46  54.29 680.68 691.44
Ps040 123.66 130.49 21.65 23.69 178.52 195.68
Md049  37.38  35.38 9.62 8. 80 32.39  29.67
Md055 7.00 7.40 2. 41 2.62 2.68 2.91
Md058 4.29 3.88 1.77 1.53 1.26 1.09
Po068 154.18 158.05 30.68  31.68 128.65 134.69
Po070 15. 80 15.28 3.14 2.97 4.22 3.99
Po074 18.57 17.33 3.14 2.79 5.14 4.57
Cd079  155.52 157.74 47.17 48.20 139.95 143.03
Cdog7 97.34 94.04 30.68 28.77 69.44  66.58
Cd090  135.36 136.30 38.48 38.73 113.02 114.64
Sc093 53.07 50.23  21.65 20.01 27.49  25.44
Sc097 58.27 63.18 8.30 9.51 27.07  31.22
Sc102 43.87  35.86 5.94 4.13 17. 38 12. 16
Pb107 52.49  55.09 10. 46 11.34  51.13  55.42
Pb114 26.34  25.39 6.83 6. 44 19.18 18.09
Pb119 26.91 25.22 7.07 6.38 19.84  17.90
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Fig.8 Comparative analysis of crown surface area,

crown projection area and crown volume

283X 120 Bk 7 A B ECHE HEAT 43 A T AL, AR e
AR A X 1R 2205 R - 18.26% ~9.34% , 13
AHXF 1 25 Ry 3. 48 % 5 A4 et 45 52 1A FR A A XoF 13 2 Y15 1]
K -68.23% ~15.10% , F X% 2% K 6.01% ,
v O B A e 4% 52 T RR A S B (- 68.23% ),
AHXTIRZE M -30.39% ~15.10% , Hrh 555 5L
i R B (G50 Sc094 ) , 28 52 X 52 Bk X bE 43 17, 38
R S 0 DR R A A2 R R R N EL RO B Xt
TE N AR BURE FEAE I 7 28 1 B R N 1R 22 5 W) ek
PRBL A AE X 1R 2235 [ R - 30.05% ~15.31% ,°F- 3
AR ZE N 5.59% .



184 | 1 R A= 20174
4 VI A el A AL, 138 5 120 RIS FE AR IR IE T &
==

(1) ) = 4 306 31 4 AU B R 19 5 = 5
i, IR S BE DF T8 = BB BR WO R A 1Y
TEHX Jis 246 A A 25 0 PR A9 2 T AT =4 s

%k R RAATE
(2) 12056 56 IR 2% 07 05 D AT B 57 A B e 4 7 24
X220 2.33% , M Ae - S AR X R 2508 1.10%

ﬁ¢§ﬂ@¥ﬁ$ﬁxﬁ%§ﬁ 3.92% , H 3l i 55 0B e 2=

f i ol = LE ORI AT SR B A TR AR R R AR L B T TR B X T AR G0 i
mf%‘zﬁ L e % R ”U&Wfﬁﬁﬁ”ﬂ@ﬁ%ﬂﬁm A 8 2 2% (H 59 F 259 A0 XF 2 22 20 9] Oy 3.48% |
CIEE AR RV N RSP AN PR S A ] 6.01% F15.59% ,

12

13

& % x Wt

T MR M. ALt o Rl £ BERE 2006510 13,
WS RO E B A SF L BT T Lidar (¥R 568 (A BN 22 TR & 5 W R R [T ] v ma bRl B K % 4, 2015,35(4)
1-6.13.

XIE Hongyu, ZHAO Yaolong, YANG Muzhuang, et al.
crown based on terrestrial 3D laser scanning system [ ] ].
35(4):1 -6, 13. (in Chinese)

T APRL BT, 2 BB, 55 R MEAOl [ M. Jb st v Al i Rk 2002 :10 - 30.

AR BB, X005 . AR A A S A AL AR R A BT [J/OL] . R HUB 2 41, 2015, 46(9) :257 - 265. htip: // www.
j-csam. org/jesam/ ch/reader/view_abstract. aspx? file_no =20150938&flag = 1. DOI.10. 6041/j. issn. 1000-1298.2015. 09. 038.
FENG Zhongke, HUANG Xiaodong, LIU Fang. Forest survey equipment and development of information technology [ J/OL].
Transactions of the Chinese Society for Agricultural Machinery,2015,46(9) : 257 —265. (in Chinese)

B SR AR ARE S T AR SOTCH ST AR BRI Ay 2 SRS BE AR AT IS [T ] Aol B R 2 2 4k ,2015,35(4) =7 - 13.
CAO Zhong, FENG Zhongke, XU Weiheng,et al. Standing tree volume nondestructive measurement methods and precision analysis
based on electronic theodolite [ J ]. Journal of Central South University of Forestry & Technology, 2015,35(4): 7 — 13. (in
Chinese)

B IUIE LS PR S T G I ST AR A AR 22 43T [ 1/ 0L ] AL LA 1, 2015,46 (1) :292 - 298. hitp: // www.
DOI:10.6041/j. issn. 1000-1298.2015.01. 041.

Error analysis on standing tree volume measurement by using electronic

Measurement and calculation methods of volume and surface area of tree

Journal of Central South University of Forestry & Technology, 2015,

j-csam. org/jesam/ ch/reader/view_abstract. aspx? file_no =20150141&flag =1.
CAO Zhong, GONG Yicheng, FENG Zhongke,
theodolites [ J/OL]. Transactions of the Chinese Society for Agricultural Machinery, 2015, 46(1) :292 —298. (in Chinese)
A5 S PR, R A W R SR TR Al A s R R M AR EA [T ] ARl AR A4 4 ,2014,30(2) 1 182 - 190.
ZHAO Fang, FENG Zhongke, GAO Xiang, et al.
condition[ J ] . Transactions of the CSAE, 2014, 30(2) :182 = 190. (in Chinese)
58, B IDEE, 5. RS SRIEARBF R [T]. MOl 5T ,2013,26(4) :38 - 42.
FU Yao, WANG Xinjie, SUN Yujun, A study of tree crown information extraction method [ J].
2013,26(4) :38 —42. (in Chinese)
TR ZBE A BT LA L GE 00 SRR R S A B ey ik g [T/0L ]
hitp: / www. j-csam. org/jcsam/ch/reader/ view_abstract. aspx? file_no =20160601&flag = 1.
2016.06.001.
DING Weimin, ZHAO Siqi, ZHAO Sanqin, et al. Measurement methods of fruit tree canopy volume based on machine vision[ J/
OL]. Transactions of the Chinese Society for Agricultural Machinery,2016,47(6) :1 =10, 20. (in Chinese)
BRE L, ZERH . R FF N MR 5 2 AU A B TRA B B A BT [T ). AH B9 ,2007 ,27 (4) :478 - 483.
LTAO Caixia, LI Fengri. The predicting models of crown surface area and crown volume for Mongolian pine plantation[]J].
Bulletin of Botanical Research,2007,27(4) :478 —483. (in Chinese)
R IVEE,RFEEHF. KRAEHRREEM BRI T]. Rl K% %4R ,2014,42(5) :1 -5.
WU Mingqin, SUN Yujun, GUO Xiaoyu, et al. Predictive models of crown volume and crown surface area for koreanlarch[ J].
Journal of Northeast Forestry University,2014,42(5) :1 - 5. (in Chinese)
FAT R AR VR R, AL LT R a0 P R R R A Mo S £ L 4R IR i S [ J/0L ]
47(9) :17 —=22. http: // www. j-csam. org/jcsam/ch/reader/ view_abstract. aspx? file_no =20160903 &flag = 1.
issn. 1000-1298.2016.09. 003.
JIANG Renrong, WANG Chunyuan, SHEN Liqiang, et al.
Transactions of the Chinese Society for Agricultural Machinery,2016,47 (9)

et al.

Measure method of tree height and volume using total station under canopy cover

et al. World Forestry Research,

A B~ 412 ,2016,47(6) : 1 - 10,20.
DOL: 10. 6041/j. issn. 1000-1298.

A WL 27 4l , 2016,
DOI:10. 6041/j.

A method for lichee’s tree-crown information extraction based on high
spatial resolution image [ J/OL]. 217 =22, (in
Chinese)

B S ARERL, R, S 6T AL O (A% T8k 0 W e AR BT B S A AR AL A N7 [ J/0L ] ROl LA A 4, 2015,46 (3) ¢
320 - 327. http; // www. j-csam. org/jcsam/ch/reader/view_abstract. aspx? file_no = 20150347 &flag = 1. DOI;10. 6041/j. issn.



5 8 1) WA A . BT A BRI T A 8 H IO % 185

14

15

16

17

18

20

1000-1298.2015.03. 047.

FAN Zhongmou, FENG Zhongke, ZHENG Jun, et al. Tree crown volume calculation and prediction model establishment using
cubic lattice method [ J/OL ]. Transactions of the Chinese Society for Agricultural Machinery, 2015,46 (3):. 320 - 327. (in
Chinese)

GUIR R (] 9, 13 AP R}, 46, 3% T B0k Delaunay 5332 f9 1% 0 = 2k o f) SR R TR B[ J/OL ] Mk HLAR % 41,2013 ,44(2) .
192 - 199. http: / www. j-csam. org/jcsam/ch/reader/view_abstract. aspx? file_no =20130236&flag = 1. DOI.10. 6041/j. issn.
1000-1298.2013.02. 036.

GONG Yinxi, HE Cheng, FENG Zhongke, et al. Amended Delaunay algorithm for single tree factor extraction using 3-D crown
modeling[ J/OL]. Transactions of the Chinese Society for Agricultural Machinery,2013, 44(2): 192 —199. (in Chinese)

GONG Yinxi, YAN Fei, FENG Zhongke, et al. Extraction of crown volume using triangulated irregular network algorithm based on
LiDAR[J]. Journal of Infrared and Millimeter Waves, 2016,35(2) :177 - 183, 189.

TRARAE B AL, 955857, 45 — Pl T = 4R 0 a8 2 B 49 SRR 508 T AR A AR AR A Sl R BRI [ T]. 63 A 50k
JE4 41,2014 ,34(2) . 465 —471.

XU Weiheng, FENG Zhongke, SU Zhifang, et al. An automatic extraction algorithm for individual tree crown projection area
andvolume based on 3D point cloud data[ J]. Spectroscopy and Spectral Analysis,2014,34(2) . 465 —471. (in Chinese)

FTEAE, LA E A, 5. 2T =400 = iR AR B 5 i [1/70L]. el HLA A~ 41,2013 ,44 (7)) 235 - 240.
http : // www. j-csam. org/jcsam/ ch/reader/ view_abstract. aspx? file_no =20130741&flag = 1. DOI;10. 6041/j. issn. 1000-1298.
2013.07.041.

WEI Xuehua, WANG Yongguo,ZHENG Jun, et al. Tree crown volume calculation based on 3D laser scanning point clouds data[ J/
OL]. Transactions of the Chinese Society for Agricultural Machinery,2013,44(7) : 235 - 240. (in Chinese)

FAE HES SR BT 4O HEM R AR = 4Eg 50 E [J/0L]. Al HLA 2= 41,2013 ,44(8) :229 - 233, hutp: /
www. j-csam. org/jesam/ ch/reader/view_abstract. aspx? file_no =20130839&flag = 1. DOI.10. 6041/j. issn. 1000-1298. 2013.
08.039.

WANG Jia, YANG Huiqiao, FENG Zhongke. Tridimensional green biomass measurement for trees using 3D laser scanning[ J/
OL]. Transactions of the Chinese Society for Agricultural Machinery,2013,44(8) :229 —233. (in Chinese)
XI5, ARL s, S BT ZAERO6 A = BE R e R RS ST UE S [ /0L ] RO LA A 41z ,2016,47 (3) 1328 - 334,
http: / www. j-csam. org/jcsam/ ch/reader/ view_abstract. aspx? file_no =20160346&flag = 1. DOI:10. 6041/j. issn. 1000-1298.
2016.03. 046.

LIU Fang, FENG Zhongke, YANG Liyan, et al. Estimation of tree crown volume based on 3D laser point clouds data[ J/OL].
Transactions of the Chinese Society for Agricultural Machinery,2016,47(3) :328 —334. (in Chinese)

BRI FRE AT A Sl A AR o S B A B TR - I R B AT ] AR AR 24 ,2015,31(9) 192 - 99.
HUANG Xiaodong, FENG Zhongke , XIE Mingxing, et al. Developing and accuracy analysis of portable device for automatically
measuring diameter at breast height and tree height[ J]. Transactions of the CSAE,2015,31(9) :92 - 99. (iin Chinese)



