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Visual Simulating Virtual Tree Movement in Wind
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Abstract

In order to better understand the wind affects the tree architecture deformation intuitively, an
efficient modeling strategy of virtual tree swaying in wind was proposed based on the analysis of the
existing thought and methods to simulate the tree movement in wind. The method used procedure function
with stochastic factor to simulate the wind field; and the cantilever beam was used to simulate a segment
of a stem as the mechanical analysis unit, the deformation of the beam in wind force based on the theory
of wind projection and beam element was computed. Then the force transmission and movement
compounding method was used to solve the whole tree movement in wind. Furthermore, some software
function modules, which integrated with the parametric tree modeling prototype system, were developed.
Taking Phyllostachys pubescens as an example, the tree swaying was simulated in different wind velocities

and with different modulus of elasticity. The result is in accordance with the practical visual effects.
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force added analysis
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different wind velocity effects
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different modulus of elasticity

(a) BTN BB (b)) BBURHI3 () BRG] 4

6.7 H A 2 O I R A B e A R
e 2k, 25l RO . JE A B ALR Bi) 1\2 B8 X LT
R A A TR 45 25 T, XU R, B AR 7 XU ) TR
A W JEE AR 5 ABREAELZR 451 3 4 Py L I, P A6
R, R PSS HOR dl o BELAE RAT G W
ARAE W32 Bl i 28 56 MY, UE B TR SBURE Y A A5 2K
o

5 HRIE

SR T — i T A A 25 T 2o A o 1 KU A AU
T (e i fik P 28 R A O A A A B 32 0 T ) 0 B
JERLTC 5 T HAE KT N iz s 8% i
T3 A% 3 2 Bl 3 T SR M A R R TE X 1912
g, BT A AR AE KU P s Sl DB AT
SR AEAU T AN [ X 2 AR AT A A X R
Prae Kbz sl 82, 2 B AT I 25 il A2 T e 5
AN B S W B S XUWCARS Bl 144 B0, T T T 4l B B A —
SE I 25 A6 AN TR AR AR AR P 1) 52 M LB



Ei

e £ 1YY o NS AR e R oY X ) 169

10

11

12

14
15

16

17

18

2 £ x #

Peltola H, lkonen V P, Gregow H, et al. Impacts of climate change on timber production and regional risks of wind-induced
damage to forests in Finland [ J]. Forest Ecology and Management, 2010, 260(5) :833 ~ 845.
Zhu Jiaojun, Liu Zugen, Li Xiufen, et al. Review: effects of wind on trees [ J]. Journal of Forestry Research, 2004,
15(2) :153 ~ 160.
Ancelin P, Courbaud B, Fourcaud T. Development of an individual tree-based mechanical model to predict wind damage
within forest stands [ J]. Forest Ecology Management, 2004, 203(1 ~3): 101 ~121.
Sellier D, Fourcaud T. Crown structure and wood properties: influence on tree sway and response to high winds [ J].
American Journal of Botany, 2009, 96(5) : 885 ~896.
Gardiner B, Peltola H, Kellom#ki S. Comparison of two models for predicting the critical wind speeds required to damage
coniferous trees [ J]. Ecological Modeling, 2000, 129(1) .1 ~23.
Hu B G, De Reffye P, Zhao X, et al. Green lab; towards a new methodology of plant structural-functional model-structural
aspect [C] // Hu B G, Jaeger M. Plant growth modeling and applications, International Symposium on Plant Growth
Modeling, Simulation, Visualization and Their Applications, LIAMA, Beijing: Tsinghua University Press, 200321 ~ 35.
Prusinkiewicz P. Modeling plant growth and development [ J]. Current Opinion in Plant Biology, 2004, 7(1) .79 ~83.
Lopez G, Favreau R R, Smith C, et al. Integrating simulation of architectural development and source-sink behavior of peach
trees by incorporating Markov chains and physiological organ function sub-models into L-PEACH [ J]. Functional Plant
Biology, 2008, 35(9 ~10) .761 ~771.
BEIARRFE, R % RERYA KRBT AR AR A EORT]. R R, 2010,41(1) 159 ~162,166.
Tang Weidong, Zhu Ping, Guo Chen, et al. Digital construction of plant growth model in greenhouse [ J]. Transactions of the
Chinese Society for Agricultural Machinery, 2010, 41(1) :159 ~162,166. (in Chinese)
RS 8, R ANCIE 4 S T B A — ol UL R bR SR UL A R o R [T ] T AR A5 AE 4R, 2005, 16 (11)
2047 ~2 052.
Chen Chongcheng, Tang Liyu, Quan Bing, et al. Construction of information management-based virtual forest landscape and
its application [ J]. Chinese Journal of Applied Ecology, 2005, 16(11): 2047 ~2052. (in Chinese)
B R BREE, BB S SR MTE RS TS ST AL LT]. R0 E AR, 2006, 18 (44 F]) : 315 ~318.
Tang Liyu, Chen Chongcheng, Wang Qinmin, et al. Pinus massoniana morphological architecture analysis and 3D
visualization[ J]. Journal of System Simulation, 2006, 18( Supp. ) :315 ~318. (in Chinese)
Lin Ding, Chen Chongcheng, Tang Liyu, et al. Geometrical shapes and swaying movements of realistic tree: design and
implementation [ C] //The Association for Computing Machinery, Proc. of the 8th ACM SIGGRAPH, International Conference on
Virtual Reality Continuum and Its Applications in Industry. Yokohama, Tokyo, Japan. New York: ACM 295 ~302.
VEOCHR. AP A5 T R TE KU 32 Sl A e e AR K ) Z4ERCEL [ D). &N - R ke, 2010.
Xu Wengiang. 3D simulation on tree movement in wind and phototropic growth under simplified conditions [ D]. Fuzhou:
Fuzhou University, 2010. (in Chinese)
RALEK. BEALIREIIM ], Jbat. B4 ek, 199881 ~82.
RITT WA, sk e, 5. KA T M SR S e sent g5 50T ] 38 PUET B st 5 BB 2= % 4, 2007,
19(3) :323 ~328.
Song Chengfang, Tan Qifeng, Zhang Long, et al. Real-time simulation of dynamic forest scene in the wind [ J]. Journal of
Computer-aided Design & Computer Graphics, 2007, 19(3) : 323 ~328. (in Chinese)
Baker C J. The development of a theoretical model for the wind throw of plants [ J]. Journal of Theoretical Biology, 1995,
175(3) . 355 ~372.
Saunderson S E T, England A H, Baker C J. A dynamic model of the behavior of Sitka spruce in high winds [ J]. Journal of
Theoretical Biology, 1999, 200(3) : 249 ~259.
BFARBEA KA 5. URAT 2 77 BATS i 2= RE M L B2 (1], A7 5L T ,2009,28(2) = 34 ~39.
Cheng Xiucai, Zhang Xiaodong, Zhang Qisheng, et al. A comparative study on binding performance of Moso bamboo from
four hometowns of bamboo [ J]. Journal of Bamboo Research, 2009, 28(2) : 34 ~39. (in Chinese)



