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Research on interactively 3D tree modeling and visualization

based on OpenGL
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Abstract: To discuss the theory and methodology of geometrical modeling for a tree and research on interactive
modeling and 3D visualization technology, a three-step realization process was established. Results of model
development were as follows: Firstly, the geometric structure of real branches was analyzed to construct a gen-
eration method for the branch model, and a hexagonal prism was proposed to represent the trunk or branch.
The curved shape was realized by using segment elements through continuous deflection and connection. Sec-
ondly, based on the generation method for a branch, the whole tree was constructed by a fractal iterative
method. To improve the degree of simulation, interference factors were added to make the final stem model not
too regular. Finally, the OpenGL graphics technology and Visual C++ were chosen as visualization and devel-
opment tools. Thus, the modeling system of 3D trees supporting interaction was constructed by a mathematical
description of the tree model, a rendering of the scene and a extracting of the feature parameters. [Ch, 11 fig.
3 tab. 13 ref. ]
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Figure 1 Morphological structure of tree body Figure 2 Connection gap of elements of circular truncated cone
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Figure 3 Abstract graph of branch elements (A), an abstract graph of branches (B)
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Length'=LengthxLenScalexrandom (n)
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SideAngle’=SideAnglexrandom;(n)
123 #fetsst i3 1 ARR M R OB, JF B Y30 2 05 SR Bk S0 i 22 S B, X0
— Fr i AT U A 2 A, R 2 B AR, B AAS B9 R A Jd D 1 O i —— S Bk
8F o 1ZITIE R ] OpenGL Je i & — A2 R BARAE g 1 I O R AT , - R i R A I 20 3 RS i ) e S
FIWEAR b, S5 5 A YE ek AT RIS B A HAL R AL, Gl B B (2B ) B S8, it
Fir R/ (LeafSize) , W3 KA (LeafAngle) , 77 £ ff1 (LeafTwist) 35l n] 2RAFIE 2545 5 OB, AT
A AR AR T 1 SRy R A
1.3 ZHRMARZEE XL

510 BUE RIBEEBITSH, MBIt (Length), JEMH 42 (Radius), Jeff (Angle), JiE
¥t (Twist) , K R (LenScale) , 24245 il 22 % (RadScale) L S R4 T8 2 22 4 (TreeDepth) , 1
R H IR, BV AT 265 2 20 ARESE 1 D RE MBS IR A BOTEEAL, R I
SUEL, 530 BB R4 o DL AR i) B2 (LenScale Fl RadScale ) 15 31 A< b 22 il i A BT Y
JEREAE, W A, G AF IR A5 RAE S T YA T 88 T R R 5 R 0 28, [ IR AT TR R R
(TreeDepth) /N 1507, 55 4 2. FIBF TreeDepth J2 5455 T 0, 4 TreeDepth 2y 0, 45 11 22 il £5 B¢
JC, MM, B R . OR/NRL R R f R A S TR SR, SN BCEIE AR LR
4+ TreeDepth>0, I LIS BT K JE (Length) , 242 (Radius), J& £ (Angle) FIHEFE ffy (Twist) 1F 2 2 H itk
NI R B, ki hilAc BT, 554 BmREN 3 LR 4 DRAE, BB AACT IR B R BGE R L
WP 32 AR B, FRIP IS AT 45 B A% 2R 1 1 PR o8 B 1) = 4R 3 TE
1.4 BETLHRHHEZND
EIL RN &t
floatAngle=15.08//4¢ BL Gl #% FA FE
floatLateral Angle=10.0f;//{l &7 B 5T (i #% ff) B
floatScalelen=0.85f;//{ FE 75 8, & 45X
floatScaleRad=0.75f://>}- 12 7 /i R %%
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voidBuildBranch (intCount,GLfloatLeafSize )
{
if (Count)
{
if (Next)
{
Next—>SetAngle (Angle * random2 ()) ;
Next—>SetTwist (Twist + Twist * random1(1,3));
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Next—>SetLength (ScalelLen*Length )3/ B il £ BUx < &
Next—>SetRadius(ScaleRad*Radius );//2E 12 TR 2 B2

Next—>BuildBranch (Count—1,LeafSize );

if (Count>=1)
{1 A
SideBranch=newCBranch;
ASSERT(SideBranch);
if (SideBranch)
{
SideBranch—>LeafScale=LeafSize/CSegment::SideScale;
SideBranch—>Base=this;
SideBranch—>Rebuild (max (1.0f,min ( Count,Count*SideScaleDepth) ) );

}
else
{1 Rt
Leaves=newCLeaf;
Leaves[0].Angle=LeafAngle;
Leaves| 0 ].Scale=LeafSize;
Leaves[ 0 ].Twist=Twist+( Twist+180);
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Figure 4  Points position (A) and texture map(B)
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Table 1 Value of each point

AR A A b AH WAL bR WAL bR E
o3 (R~cosg—,0,R-sing—) 0/ (R'-cosg—,L ,R“sing—)
0, (—R'cos;r—, 0, R-sin;r—) 0, (—R"cosg—, L,R' -sing—)
05 (-R.,0,0) Q5 (=R, L, 0)
04 (—R~cosg—, 0, —R*sing—) 0 (—R'-cosg—, L, —R’-sin;r—)
Qs (R-cos’;—, 0, —R-sing—) Q5 (R"cos;r—, L, —R’-sing—)
Qs (R,0,0) Qs (R',L,0)

X' =(Zi*CosTwist+X;*SinTwist ) *SinTwist+ ( (=Z;*SinTwist+X;*CosTwist ) *
CosAngle—Length*SinAngle ) *CosTwist

Y/ =(-Z*SinTwist+X;*CosTwist ) *SinAngle+Length*CosAngle . (3)

7.'=(Z:*CosTwist+X;*SinTwist ) *CosTwist— ( (=Z;*SinTwist+X;*CosTwist ) *
CosAngle—Length*SinAngle ) *SinTwist

A B
A5 AFEMERERA)ERETFEMLEEB)

Figure 5 The simulation pictures of trunks(A) and branches (B)
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Figure 7 Pictures of before (A), middle(B) and after(C) the change of bark parameters
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Table 2 The parameter graph of a monoaxial tree Table 3 The parameter graph of a multiway tree
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Figure 8 Picture ofa monoaxial tree Figure 9 Picture ofa multiway tree

32 MMIZEKZITEZHR

X FAGRLF BT, AR A B T AL, o I I S A AR AR — 2 T LS
T BB IERA  RAE R, ASBE TR B I i /NN B T AT T S B B, o R Y o
AR IO P RO AT B Sl PR A A T R AR R . S Ah, A T NIRRT A
W Ie, R R AR, P AR B A R BT LR (P 10A ) S R e R v 0 (n
FIT0B) , 326 4% Jofr o A i U 1] ok 0 DA i B0 ) A P P T i B i e o ) I B S8 ) R A A 2
Kl 10C,

B 10 #et AR &I (A)F(B)E(C)2RA
Figure 10 The pictures of before (A), middle(B) and after (C) the changes of leaf parameters
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Figure 11  Pictures of before (A) and after (B) the changes of tree shadow parameters
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