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Visual Simulation of Chinese Fir Crown Growth Based on Spatial Structure
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(1. Research Institute of Forest Resource Information Techniques, Chinese Academy of Forestry, Beijing 100091, China;

2. Huangfenggiao State-owned Forest Farm, Zhuzhou 412307, Hunan, China)

Abstract ; [ Objective | To quantitatively study the influences of spatial structure on the crown growth of Chinese fir
( Cunninghamia lanceolata) in order to realize the visual simulation of Chinese fir crown growth based on spatial
structure. [ Method ] Selecting Huangfengqiao State-owned Forest Farm in Hunan Province as a trial plot, the data
of crown shape and spatial structure were investigated after different spatial structure units were selected and divided
in stand. The under living branch height, crown height and crown width in four cardinal directions were defined as
crown shape description factors. Meanwhile, the affecting distance and relative tree height of surrounding trees were
defined as horizontal spatial structure parameter and vertical spatial structure parameter. The stepwise regression a-
nalysis method was used to analyze the relationships among crown description factors, age, horizontal and vertical
spatial structure parameters. As a result, the models of Chinese fir crown growth with different spatial structures
were established. According to the fitting method of B-spline curve, the crown shape of Chinese fir was simulated

and 3D Chinese fir tree models in different growth stages were built. Based on the 3D dynamic rendering technolo-
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gy, the visual simulation of Chinese fir crown growth progress was realized. [ Result] With the stepwise regression
analysis on the variable of age, the horizontal and vertical spatial structure parameters, the results shows that there
are significant correlations between under living branch height and variables of age and vertical spatial structure pa-
rameter. Also, there are significant correlations between crown height and variables of age and vertical spatial struc-
ture parameter. Coefficients of determination ( R*) of both under living branch height model and crown height
growth model are 0.754 and 0. 813. It shows extremely significant correlations between crown width and variables of
age and horizontal spatial structure parameter. And the R” is 0. 623. Based on the crown growth model of Chinese fir
and 3D dynamic rendering technology, the crown growth visual simulation of four parts in the cardinal directions is
achieved. [ Conclusion] Using stepwise regression analysis method, the relationships between Chinese fir crown
and age, the spatial structure data were analyzed and the growth models of under living branch height, crown height

and crown width were built. Combined with 3D dynamic rendering technology and using MOGRE 3D rendering en-

gine, the tree crown visual simulation of Chinese fir was realized based on spatial structure.

Keyword : spatial structure; crown shape; 3D dynamic rendering; growing visualization
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Fig. 1 Data measuring methods of spatial structure and crown shape
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Table 1 General information of crown shape and spatial structure data
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Items Tree height/m Under living branch height/m  Crown height /m  Crown width/m Azimuth /° Distance/m
F K AH Maximum 23.5 15.70 16. 80 3.60 358.0 5.63
#5%/ME Minimum 1.40 0.20 0.20 0.40 3.0 0.90
F-Y{H Average 12.5 5.97 7.18 1.60 184.7 2.72
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Fig.2 The horizontal and vertical spatial structure parameter
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Table 2 Fitting results of under live branch height, crown height and crown width growth models

PR A i) A ] A E 7 P AR KAEJE R AL PR ftiihiR 2
Independent variable Model Selected variables by stepwise regression R? Ré? SEE
AT Hb 1 Age 0.747 0.745 2.209 6
Under living branch height ( Hb) 2 Age .Pv 0.754 0.751 2.184 5
jek e He 3 Age 0.806 0.805 2.1321
Crown height ( Hc) 4 Age .Pv 0.813 0.810 2.103 3
i C 5 Age 0.549 0.546 0.400 4
Crown width (C) 6 Age .Ph 0.623 0.618 0.367 2
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Table 3 General information of data for under live branch height, crown height and crown width growth models

Pz A ZH b2 ¢RI P{H
Independent variable Variable Parameters Standard deviation t-test P-level
KR Hb Intercept -3.020 1.229 -2.457 0.015
H =
Age 0.409 0.019 21.642 0.000
Under living branch height ( Hb) &e
Py 2.601 1.220 2.132 0.035
. Intercept -3.036 1.184 -2.565 0.011
Jiki He
. Age 0.469 0.018 25.774 0.000
Crown height ( Hc)
Py 2.690 1.174 2.290 0.023
5 C Intercept 0. 660 0.081 8.113 0.000
e Age 0.037 0.004 10.014 0.000

C idth (C
rown width (C) Ph 0. 160 0.029 5.487 0.000
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Hb = -3.020 +0.409 x Age +2.601 x Pv (6)

He = -3.036 +0.469 x Age +2.690 x Pv (7)

C =0.660 +0.037 x Age +0.160 x Ph (8)
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Table 4 T-test for under live branch height, crown height and crown width growth models
PRI 7% A Rk i 22 E B o R PE
Independent variable Variable Mean value Standard deviation ~ Degrees of freedom t-test P-level
‘ @_‘ﬂ:ﬁ‘]\‘% H[,' ’I{EU{E meas-ured value 6.880 4.751 35 0.476 0.637
Under living branch height (Hb)  Fiilli{& predicted value 6.743 4.115
‘ ﬁf%} He i{ﬂﬂ{ﬁ meas'ured value 7.811 5.251 3 0.295 0.770
Crown height ( Hc) T{E predicted value 7.894 4.730
LR S asured val 1.903 0.618
i U measured value 35 1.634 0.111
Crown width (C) FHMAE predicted value 1.815 0.489
K 4 R W], 5 T 25 [ 25 M A5 BT g e x5 BEKMBR=EENSY

1o TR MR A AR T AU S R, K8 T X A e A
P70 oA, 5% 22 0 R IR S PR RS . B RL AT AT
MO ARTER T ek e AR R AR
3.2 AEZEEHTHZARER LK AT RUERLL
3.2.1 HBARAKZSXEEVGHHE IR
TR A PR 1) 2 ] 5 A B T I R D S
o FH =2 s 357 e 1) 75 SBLADL 2 TR A5 44 B2 0 A2
ARENEER . YL MOGRE JyiE Je 5] S AT = 4E S 75
AL TE Y, % B 253 (A1 45 4 7T I A2 AR TR A
ARl R R A T = G ] AR

TG B G S T ( Key Frame) #5242 A 72
AR I B B R e A BRI A R R AU
B RBEMBIAZ AT IE 2 80 M 2 18 2 i dis , ok
FE— IR 3 AR 2 B 45 BT, 8 3 ARAE )
AAFIE , (A ICHAR (g 04 LT 1 25 [ 245
PRI RK P R E A B S8 TR AR
A AR 75 25 4 BT A T A AR £ AR I B
Bemty B, 5t H O A J] BB 25 D 1) AS [ 4 38 B B
e LS (A 25 2, R A RS R Rz 45 4 T
PEARBATREIE AR, WK P23 (6] 2549 2 808 B
R A PR AT 25 B A R R TR 45 2B K B B
S (a4 B RN S fros . HHA6) (7) (8)
TR O AR AR RIERC T ek i A o

BER 3 A E — A Kl S BT, 73 R X
BEAEAR (TR S IR T 45 R A BT, e %
AR )OS, BT B AR A KIS TSI 1
AR TR M2, LA ARTE AR R Y B
=HEnT AL

Table 5 Spatial structure parameters at different
growth stages

AEPA % East T South 4 West 4t North
Age Ph Pv Ph Pv Ph Py Ph Py
3 3.57 0.79 2.76 0.89 4.10 1.22 3.01 1.07
6 3.57 0.85 2.76 0.92 4.10 1.21 3.01 0.91
9 3.57 0.82 2.76 0.89 4.10 1.19 3.01 0.9
12 3.57 0.90 2.76 0.89 4.10 1.14 3.01 0.90
15 3.57 0.92 2.76 0.89 4.10 1.12 3.01 0.95
18 3.57 0.95 2.76 0.95 4.10 1.10 3.01 0.99
21 3.57 0.93 2.76 0.93 4.10 1.06 3.01 1.05
24 3.57 0.93 2.76 0.92 4.10 1.04 3.01 1.01
27 3.57 0.90 2.76 0.93 4.10 1.02 3.01 0.92
30 3.57 0.91 2.76 0.95 4.10 1.03 3.01 0.9
33 3.57 0.92 2.76 0.97 4.10 0.99 3.01 0.91
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Fig.4 The models and spatial structure unit of 3 year old Chinese fir
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Fig.5 The models and spatial structure unit of 10 year old Chinese fir
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Fig.6 The models and spatial structure unit of 20 year old Chinese fir
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