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Tree Crown Volume Calculation and Prediction Model
Establishment Using Cubic Lattice Method

Fan Zhongmou' Feng Zhongke' Zheng Jun® Fan Jiangchuan’® Yan Fei' Qiu Zixuan'
(1. Beijing Key Laboratory of Precision Forestry, Beijing Forestry University, Beijing 100083, China
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3. National Engineering Research Center for Information Technology in Agriculture, Beijing 100097, China)

Abstract. This article chooses ten kinds of common trees in Beijing as the research objects. A 3D laser
scanner was used to get the point cloud data of target trees. The tree crown volume was calculated by
using the combined method of cubic lattice method and canopy surface triangulation. The tree factors from
point cloud data and the calculated tree crown volume were analyzed to establish the estimation equations
of tree crown volume, breast diameter, tree height, average crown height and average crown width. The
accuracies of these equations were verified. Taking ginkgo as research object, the test results showed that
the tree crown volume of ginkgo was significantly correlated to the breast diameter, tree height, average
crown width and crown height. Finally, a three-factor ( breast diameter, average crown width, crown
height) model was selected and verified on tree crown volume prediction of ginkgo. The results showed
that the model had a good fitting accuracy of 90. 5% . The three-factor model was also employed on other
species of trees and the results showed it could be used on the prediction of other tree crown volumes.
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Fig. 1  Overview of methodology
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Fig.2 Point cloud fitting schematic at 1.3 m
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Fig.3 Schematic diagram of dubic lattice method
B4 AFBURTI R V, =8.0 em’, J 2 T 5 K] Hh R i1
R V=V, +V,+V,+V,=23.5cm’,

H1 TR e A AR A (B T 1 AR B, T SR LA
PR T B30 40 R A IR B SO 25 1 1, 3R 2
Ry 3 3 R 2 B IR R R A BRI LA A i R A A el
R XS L o AT LA, 5 b 5 vk 19 °F 24 13 22 35 3
T 27% i HBA A AT A, X 2 O B —
AN KR F B A, LA TUART AR A5 DL A 5 1 R B L RE AT
FEL S 1 8 A%, I A R 4 b s I AR 5 1) B SE AR R

R2 AXFESILAGKEERIILL

Tab.2 Comparison between cubic lattice method and geometry method

ETRE BB RRAR/m® JUT R R R /m® xR/ % ETRE BEERAE/m® U R R/ AR/ %

| 3.361 5.265 36.2 11 57.761 71.265 18.9
2 4. 146 3.588 15.6 12 61.772 44.417 39.0
3 15.717 27.462 42.8 13 66. 324 42.667 55.4
4 28.941 41.430 30. 1 14 76.043 103. 147 37.1
5 30. 193 40. 853 26. 1 15 82.265 69. 641 18. 1
6 49.371 34.741 29.6 16 93.753 122.210 22.3
7 63.953 49.952 26.6 17 112.751 127.813 11.8
8 38.253 47. 823 25.0 18 207. 201 159. 206 30.1
9 43.470 52.948 12. 8 19 399. 851 354.128 12.9
10 54.234 43.166 25.6 20 828. 878 668. 631 23.9
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Tab.3 Number of modeling species and sample
T i LT FREAE/m® BRRERB/m BN R m? FEAS B it
LAY Ginkgo biloba 76.560 828. 878 1. 199 103
bk Salix matsud 175.527 997.207 20. 119 62
1% W Populus 133. 597 691. 443 5.072 79
Ayl Koelreuteria paniculata 63. 603 359.492 2.344 61
FERT(1.2.3 Bk) Firmiana simplex( L. )W. F. Wight 113. 693 406.917 29.337 75
ek Robinia pseudoacacia 214. 440 1361. 126 24.351 68
SN Pinus bungeana Zucc. ex Endl 34. 626 122. 605 8.535 61
EsUN Cedrus deodar 101. 145 565.243 10. 606 62
MR Pinus tabulaeformis 42.294 638. 424 2.789 68
b Sabina chinensis Ant 12. 094 39. 092 1.965 83
£4 REMTERSHATBHAEE V= xa e (5)
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Fig.4 Schematic diagram of relationships between ginkgo’s canopy volume and other morphological variables
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Tab.5 Modeling fitting results of ginkgo
ik 5h SRk HHRAE R
LT 2 5 ny ny N3 ny s R’ RSME
1 D 0.073 2.408 0.891 30. 163
2 C, 0.919 2.833 0.902 18.332
3 H 0. 060 3.150 0.719 55.729
4 Cy 0. 059 3. 666 0.817 39.182
5 D,H 0.015 1.950 1.210 0.910 29.721
6 C,.C, 0.779 0.587 2.251 0.931 12.074
7 D,C, 0.582 0.726 1. 844 0.903 18. 247
8 D,Cy, 0.110 1.520 1. 179 0. 889 20. 112
9 D,H,C, 0. 401 0. 187 0. 624 2.138 0.914 10. 860
10 D,c,,C, 0.492 0.519 0. 545 1.663 0. 947 9.073
11 D,H,Cy 0. 105 1.309 -0.332 1.867 0.928 17.329
12 D,H,C,,C, 0.501 0. 057 0.212 0. 580 2.112 0.949 7.914
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Tab.6 Modeling test results of ginkgo

BRI 45 SSE/m®  TRE/%  MSE/%  MPE/% MPSE/%
43.631 8.376 6.778 18.742  28.842

6 39.033 5.515 -5.871 12.071  22.892

10 33.965  -4.555  4.727 9.573 18. 831
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Tab.7 Modeling fitting results of other species
. . : G HR

n, n, ns ny R RSME
AR D,c,,C, 0.270 -0.760 1.737 1. 637 0.959 13.992
L7L] D,C,,C, 0. 407 0. 490 1. 087 1. 088 0.941 22.75
) D,c,,C, 0. 548 0.367 1. 046 1.338 0. 946 12. 172
AR D,c,,C, 0.390 0. 169 1.078 1. 801 0.955 12. 632
il b D,c,.C, 0.552 0.279 1.253 1.462 0.947 39.77
SN D,c,,C, 0.382 0.268 0. 885 1.819 0.986 2.904
RN D,Cy,C, 0.152 0.358 0.987 1. 697 0.901 7.27
FIEYN D,C,,C, 0.324 0.218 0. 834 1. 653 0.961 9.299
[5] # D,c,,C, 0.102 0.303 0.798 2.018 0.943 6.703
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Tab.8 Modeling test results of other species

W#r SSE/m®  TRE/%  MSE/%  MPE/%  MPSE/%
R 41. 064 3.346 5.107 6.359 18. 420
L) 55. 631 -2.512  -3.618 9.901 18. 861
ZE i 36. 696 —2.480 -4.666  11.005 19.291
Fa A 28. 844 0.596 0.217 1. 401 8. 649
T 26. 171 1.318 3.870 3.193 11.730
HEERS 3.456 -0.521  -1.835 3.056 7.545
TS 12. 641 0. 960 3.557 3. 826 9. 865
LT 3. 630 -0.869  -5.388 2.428 13. 604
[ 4 7.708 0. 962 6.258 4.142 18. 658

3 Hig

(1) 3 b 3o b ot i X3 DL AR b 1 ] = 2 e 1
FACHEAT A5 2 AR, BB N T B A e a5 2 4R
R B3 B 3o R sl R i, A
=PRI R FE R SR I, R SRR A R W
A R E 5 525 RS I 3 S R SR R AR o SR
TERFR S T — AT B PR Y 5 i o

(2) A sz o i ORGSR B o 1R B O
{1 R R IR B PR A D A o, o AT o
FEAIE TS n] R A B T (A B W A B L e T
K49 e e 49 4. 5 AT O, 5 P B TR R S PR R K. SR
A A T i AT AAR B i 400 B A R e (A AR B A T
R, B DL R O B A ek g R 1) e i ) = TR R
V'=0.492D" " €0 €% o T EE A AL AR BEVF A 3
WA T B A 50 1 A K 82, T R AT AR A e
PRBUR A I

(3) FDRE A 2 e i O = P R A
Oy R B T A R 0 Y e A R o X S R A A
ol 3 ST A R I AT TS R 4 ORS B2 45 SR UE B
= PR R S L Al AR o A T A R L R
BB Ly, mT LA T = A TR G A A O A R
it

(4) HRTSL 7 A 035 1 A L 3 2 R B 3 ek
S TR TG RO BTSSR 6T T B L 76 R R 1 F 5%
Hh 2 K R e 3% i AR TR P A s g X B
K AN [ 09 75 12 R SRR A AR

& % x Wt

1 FBIG N, 200 &, BURE . 0 25 R BT B iR [T ] Aol B 48 BE, 1986 (1) « 36 - 40.
2 FEREWEKRER,F. DREMESREMERERN SRRV )] ol 444k ,2008,30(1) :58 - 63.

Lu Changtai, Li Jiyue, Kang Qiang. Relationship between DBH and ground diameter as well as crown diameter of Pinus

massonianal J]. Journal of Beijing Forestry University,2008,30(1) :58 —63. (in Chinese)
30 FE L ERH,KSE,SF. 08 UL R AR UK A bR 3 A R TR [ T ] Aol B4+ ,2011,47(6) 270 - 76.

Lu Jun, Li Fengri, Zhang Huiru, et al. A crown ratio model for dominant species in secondary forests in Mao’er mountain|[ J].

Scientia Silvae Sinicae,2011,47(6) :70 —=76. (in Chinese)

4 RUMKGIVEZE,SFE,F. KO B RROE AT AR T RBIR[T]. RJukol K424 ,2014,42(5) .1 -5.

Wu Mingqin, Sun Yujun, Guo Xiaoyu, et al. Predicitive models of crown volume and crown surface area for Korean larch[J].
Journal of Northeast Forestry University, 2014 ,42(5) :1 —=5. (in Chinese)

S OEARGIGERL, BALEE, 5. PSO iR A SVM B3k i3E SEAR B ARFUR BT S [ T]. S6i& 24 5061 70 #r,2014,34 (1) <175 - 179.
Jiao Youquan, Feng Zhongke, Zhao Lixi, et al. Research on living tree volume forecast based on PSO embedding SVM[J].
Spectroscopy and Spectral Analysis, 2014,34(1) ;175 -=179. (in Chinese)

6 Akbari H. Shade trees reduce building energy and CO, emissions from power plants [ J]. Environmental Pollution, 2002,

116 (Supp. ) :119 - 126.

7 Laubhann D, Eckmullner O, Sterba H. Applicability of non-destructive substitutes for leaf area in different stands of Norway spruce



%3 1 BRI S o TS 5 AR Ik Y B AR B A AR e 327

11

12

13

14

16

17

19

20

21

22

(Picea abies L. Karst. ) focusing on traditional forest crown measures[ J]. Forest Ecology and Management,2010,260(9) ; 1498 - 1506.
ATE A, VR B A P Ll b SRR S 2 M ARO[ ). RO WL A iR 2013 ,44(8) 1224 - 228.
Yu Long, Huang Jian, Zhao Zuoxi, et al. Laser measurement and experiment of hilly fruit tree canopy volume[ J]. Transactions of
the Chinese Society for Agricultural Machinery, 2013 ,44(8) :224 —228. (in Chinese)
JUIR R faf i 15 AR, 45 He T el Delaunay 5575 ) 4% 768 = 48 T A4 SRR IR FHR I T 1. A HLBE 24 ,2013,44(2) 1192 - 199.
Gong Yinxi, He Cheng, Feng Zhongke, et al. Amended Delaunay algorithm for single tree factor extraction using 3-D crown
modeling[ J]. Transactions of the Chinese Society for Agricultural Machinery,2013,44(2) :192 =199. (in Chinese)
BEBH AR A5 S, A LT = RO M BORTEMOL B SRR [T ]t FAOLBF 5 ,2010,23(4) 41 - 45.
Zhao Yang, Yu Xinxiao, Xin Zhongbao, et al. Application and outlook of terrestrial 3D laser scanning technology in forestry[ J].
World Forestry Research, 2010,23(4) :41 —45. (in Chinese)
REURIN, EAE, P00, 45, — Fh Ik T = 4R W06 R G0 I 3 0 5 14 R J5 36 R R 90 DAl ke S [ 7] b mtpfoll R 2% 2 4
2007 ,29 (4 H) 2) .61 - 65.
Xiong Ni’'na, Wang Jia, Luo Xu, et al. Measuring tree crown volume based on three dimension laser scanning and mapping
system-taking Pinus tabulaeformis as a case[ J]. Journal of Beijing Forestry University, 2007, 29 ( Supp. 2):61 - 65. (in
Chinese)
TRATE S P ARE, IRAEDY A R T = AR O0 R 28R 1 SRR R EBOE AR AR E R A SR IR L [T]. ik 50t
P& ,2014,34(2) :465 —471.
Xu Weiheng, Feng Zhongke, Su Zhifang, et al. An automatic extraction algorithm for individual tree crown projection area and
volume based on 3D point cloud data[ J]. Spectroscopy and Spectral Analysis, 2014 ,34(2) :465 —471. (in Chinese)
FEA, EAE A, . ST RO A B W AR 2 (] RO ALAA 4, 2013 ,44(7) 1235 -240.
Wei Xuehua, Wang Yongguo, Zheng Jun, et al. Tree crown volume calculation based on 3-D laser scanning point clouds data
[J]. Transactions of the Chinese Society for Agricultural Machinery, 2013 ,44(7) :235 —240. (in Chinese)
RESEAT , TR A, SRS, 55 AT BB OISR B i B [T ] D6 1% 4% 5 0635 437 ,2006,26 (4) . 772 - 774.
Xiong Yuhong, Wen Zhiyu, Zhang Liuqiang, et al. Application of fractal theory to spectral signal recognition[ J]. Spectroscopy
and Spectral Analysis, 2006,26(4) :772 —=774. (in Chinese)
FRE. AT = A RS R FR Y PR i T S 07 i ] L AR 5 T, 2009 (18) 232 - 34,58,
Wang Quande. Fast and accurate volume calculation method for arbitrary triangular meshes [ J]. Computer Engineering and
Applications, 2009 (18) :32 -34,58. (in Chinese)
HRIE AT 861 BE T\ SUR 4 Tt 114 0 5 BOHRS 137 J7 12: [T] . AR 1812 241 ,2010,31(4) .73 - 76.
Shao Zhengwei, Xi Ping. Data reduction for point cloud using octree coding[ J]. Journal of Engineering Graphics, 2010,31(4) .
73 -=76. (in Chinese)
JEL U, WRAR N T . B T\ SR A% B s 2 BOHERS (8  EE A [T ] AR D7 ,2008 (3) :64 - 67.
Zhou Bo, Chen Yin’gang, Gu Zeyuan. Data point reduction on octree cube algorithm[ J]. Modern Manufacturing Engineering,
2008(3) :64 —67. (in Chinese)
WBEY, R, M AR E. Delaunay = A P # 4 (A EATGE (1], 45224k ,1999,28 (1) :20 - 38.
Wu Xiaobo, Wang Shixin, Xiao Chunsheng. A new study of Delaunay triangulation creation [ J]. Acta Geodaetica et
Cartographica Sincia,1999,28(1) :20 —-38. (in Chinese)
B 2R, BESFIE. SRR W Uy B O A0 BETEAN FORT BE r A [ D] Molk B2 ,2011,47(11) 106 - 113,
Zeng Weisheng, Tang Shouzheng. Goodness evaluation and precision analysis of tree biomass equations[J]. Scientia Silvae
Sinicae, 2011,47(11) :106 —113. (in Chinese)
Nowak D J, Noble M H, Sisinni S M, et al. People and trees: assessing the US urban forest resource[ J]. Journal of Forestry,
2001,99(3) :37 - 42.
Jakob Wei ss. Application and statistical analysis of terrestrial laser scanning and forest growth simulations to determine selected
characteristics of Douglas-Fir stands[ J]. Folia Forestalia Polonica;Series A,2009,51(2) ;123 —137.
RhEEAG , RO, RS . MR BT R AR R ARG IT]. AR 4E,2007,26(9) :1438 — 1444,
Lu Xiamei, Zhou Changfang, An Shuqing, et al. Phenotypic plasticity, allometry and invasiveness of plants[ J]. Chinese Journal
of Ecology, 2007,26(9) :1438 - 1444. (in Chinese)



