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Abstract

There are two main considerations in modeling of plants: one is to preserve the
accuracy of botany, the other is to render the photorealistic images of computer graphics.
L-System is the mainstream method of simulating the growth of plants. The reason is
that the L-System is able to simulate the botanic properties of plants by integrating with
the self-developing grammars of formal language. However, grammars are written
manually, it may cause many errors and is very time consuming. It is very difficult for a
user with no experience to learn how to writing L-grammar.

The research purpose of this paper is to design a CAD system to help users to
produce grammars easily and conveniently. We also hope that inexperienced users could
use our system to get photorealistic plant images without complicated training.

There are four steps in our method. First step is finding keywords from growth
description of plants. Second step section is reconstructing 3D skeleton by selecting
corresponding stems among photos. Third step section is calculating quantity information

from 3D skeleton. The last step is transforming quantity information into L-grammar.

Keywords: L-System, L-grammar, keyword, quantification
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MHeE K SLA 2 e 2 R b

EcoSystem 1.0 "TestSys" {
SoilPH = 7.000000;
RainRate = 0.900000;
DayLight = 12.000000;
Plant "TestPlant" {
Position = vector(0.000000, 0.000000, 0.000000);
Direction = vector(0.000000, 1.000000, 0.000000);
DeriveTime = 3.000000;
Apex {}
Stem {
Stage 0 {
Model = "DefaultStem.i";
TextureFront = "seafloor.bmp";
GrowRate = 0.000100;
GrowTime = 0.000100;

b

Stage 1 {
Model = "DefaultStem.i";
TextureFront = "seafloor.bmp";
GrowRate = 0.100000;
GrowTime = 0.100000;
BroadenRate = 0.500000;

b

Stage 2 {

Model = "DefaultStem.i";
TextureFront = "seafloor.bmp";
GrowRate = 0.193752;
GrowTime = 1.000000;
BroadenRate = 1.000000;
ColorFront = RGBA(0.000000, 1.000000, 0.000000, 1.000000);
MaterialFront = MTRL(0.500000, 1.000000, 0.000000, 0.100000,
0.100000, 0.100000);
b
Stage 3 {
Model = "DefaultStem.i";
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TextureFront = "seafloor.bmp";
GrowRate = 0.179444;
GrowTime = 1.000000;
BroadenRate = 0.600000;
ColorFront = RGBA(0.000000, 1.000000, 0.000000, 1.000000);
MaterialFront = MTRL(0.500000, 1.000000, 0.000000, 0.100000,
0.100000, 0.100000);
b
Stage 4 {
Model = "DefaultStem.i";
TextureFront = "seafloor.bmp";
GrowRate = 0.137899;
GrowTime = 1.000000;
BroadenRate = 0.400000;
ColorFront = RGBA(0.000000, 1.000000, 0.000000, 1.000000);
MaterialFront = MTRL(0.500000, 1.000000, 0.000000, 0.100000,
0.100000, 0.100000);
b
Stage 5 {
Model = "DefaultStem.i";
TextureFront = "seafloor.bmp";
GrowRate = 0.157328;
GrowTime = 1.000000;
BroadenRate = 0.200000;
ColorFront = RGBA(0.000000, 1.000000, 0.000000, 1.000000);
MaterialFront = MTRL(0.500000, 1.000000, 0.000000, 0.100000,
0.100000, 0.100000);
b
Stage 6 {
Model = "DefaultStem.i";
TextureFront = "seafloor.bmp";
GrowRate = 0.112925;
GrowTime = 1.000000;
BroadenRate = 0.200000;
ColorFront = RGBA(0.000000, 1.000000, 0.000000, 1.000000);
MaterialFront = MTRL(0.500000, 1.000000, 0.000000, 0.100000,
0.100000, 0.100000);
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b
Stage 7 {
Model = "DefaultStem.i";
TextureFront = "seafloor.bmp";
GrowRate = 0.090863;
GrowTime = 1.000000;
BroadenRate = 0.200000;
ColorFront = RGBA(0.000000, 1.000000, 0.000000, 1.000000);
MaterialFront = MTRL(0.500000, 1.000000, 0.000000, 0.100000,
0.100000, 0.100000);
b
Stage 8 {
Model = "DefaultStem.i";
TextureFront = "seafloor.bmp";
GrowRate = 0.062129;
GrowTime = 1.000000;
BroadenRate = 0.200000;
ColorFront = RGBA(0.000000, 1.000000, 0.000000, 1.000000);
MaterialFront = MTRL(0.500000, 1.000000, 0.000000, 0.100000,
0.100000, 0.100000);
b
Stage 9 {
Model = "DefaultStem.i";
TextureFront = "seafloor.bmp";
GrowRate = 0.098874;
GrowTime = 1.000000;
BroadenRate = 0.200000;
ColorFront = RGBA(0.000000, 1.000000, 0.000000, 1.000000);
MaterialFront = MTRL(0.500000, 1.000000, 0.000000, 0.100000,
0.100000, 0.100000);
b
Stage 10 {
Model = "DefaultStem.i";
TextureFront = "seafloor.bmp";
GrowRate = 0.082898;
GrowTime = 1.000000;
BroadenRate = 0.200000;
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ColorFront = RGBA(0.000000, 1.000000, 0.000000, 1.000000);
MaterialFront = MTRL(0.500000, 1.000000, 0.000000, 0.100000,
0.100000, 0.100000);
b
Stage 11 {
Model = "DefaultStem.i";
TextureFront = "seafloor.bmp";
GrowRate = 0.075631;
GrowTime = 1.000000;
BroadenRate = 0.200000;
ColorFront = RGBA(0.000000, 1.000000, 0.000000, 1.000000);
MaterialFront = MTRL(0.500000, 1.000000, 0.000000, 0.100000,
0.100000, 0.100000);
b
Stage 12 {
Model = "DefaultStem.i";
TextureFront = "seafloor.bmp";
GrowRate = 0.104403;
GrowTime = 1.000000;
BroadenRate = 0.200000;
ColorFront = RGBA(0.000000, 1.000000, 0.000000, 1.000000);
MaterialFront = MTRL(0.500000, 1.000000, 0.000000, 0.100000,
0.100000, 0.100000);
b
Stage 13 {
Model = "DefaultStem.i";
TextureFront = "seafloor.bmp";
GrowRate = 0.078256;
GrowTime = 1.000000;
BroadenRate = 0.200000;
ColorFront = RGBA(0.000000, 1.000000, 0.000000, 1.000000);
MaterialFront = MTRL(0.500000, 1.000000, 0.000000, 0.100000,
0.100000, 0.100000);
b
Stage 14 {
Model = "DefaultStem.i";

TextureFront = "seafloor.bmp";
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GrowRate = 0.054074;

GrowTime = 1.000000;

BroadenRate = 0.200000;

ColorFront = RGBA(0.000000, 1.000000, 0.000000, 1.000000);
MaterialFront = MTRL(0.500000, 1.000000, 0.000000, 0.100000,

0.100000, 0.100000);

}

Stage 15 {

Model = "DefaultStem.i";

TextureFront = "seafloor.bmp";

GrowRate = 0.076420;

GrowTime = 1.000000;

BroadenRate = 0.200000;

ColorFront = RGBA(0.000000, 1.000000, 0.000000, 1.000000);
MaterialFront = MTRL(0.500000, 1.000000, 0.000000, 0.100000,

0.100000, 0.100000);

}

Stage 16 {

Model = "DefaultStem.i";

TextureFront = "seafloor.bmp";

GrowRate =0.071021;

GrowTime = 1.000000;

BroadenRate = 0.200000;

ColorFront = RGBA(0.000000, 1.000000, 0.000000, 1.000000);
MaterialFront = MTRL(0.500000, 1.000000, 0.000000, 0.100000,

0.100000, 0.100000);

}

Stage 17 {

Model = "DefaultStem.i";

TextureFront = "seafloor.bmp";

GrowRate = 0.079221;

GrowTime = 1.000000;

BroadenRate = 0.200000;

ColorFront = RGBA(0.000000, 1.000000, 0.000000, 1.000000);
MaterialFront = MTRL(0.500000, 1.000000, 0.000000, 0.100000,

0.100000, 0.100000);

}

36



}

Leaf {

Stage 1 {
Model="5 #2 1";
TextureFront="5 {2
GrowRate = 0.074000;
GrowTime = 1.000000;

b

Stage 2 {
Model="5 #&2 1";
TextureFront="5 =
GrowRate = 0.070000;
GrowTime = 1.000000;

b

Stage 3 {
Model="5 #&2 1";
TextureFront="5 =
GrowRate = 0.060000;
GrowTime = 1.000000;

b

Stage 4 {
Model="5 #&2 1";
TextureFront="5 &2
GrowRate = 0.058000;
GrowTime = 1.000000;

b

Stage 5 {
Model="5 #&2 1";
TextureFront="75 {2
GrowRate = 0.030000;
GrowTime = 1.000000;

b

Stage 6 {

Model="5 #&2 1";

TextureFront="5 &2
GrowRate = 0.030000;
GrowTime = 1.000000;

.bmp

.bmp

.bmp

.bmp

.bmp

.bmp
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}

Stage 7 {

Model="5 #&2 1";

TextureFront="5 &%
GrowRate = 0.098000;
GrowTime = 1.000000;

b
Stage 8 {
Model="5 #&2 1";
TextureFront="5 {2
GrowRate = 0.090000;
GrowTime = 1.000000;
b
Stage 9 {
Model="5 #&2 1";
TextureFront="5 {2
GrowRate = 0.072000;
GrowTime = 1.000000;
h
Stage 10 {
Model="5 #&2 1";
TextureFront="5 {2
GrowRate = 0.094000;
GrowTime = 1.000000;
h
Stage 11 {
Model ="5 #2 1";
TextureFront="5 {2
GrowRate = 0.046000;
GrowTime = 1.000000;
h
Stage 12 {
Model="5 #&2 1";
TextureFront="5 {2
GrowRate = 0.048000;
GrowTime = 1.000000;
h

.bmp

.bmp

.bmp

.bmp

.bmp

.bmp
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Stage 13 {

Model="5 #&2 1";

TextureFront="5 &%
GrowRate = 0.086000;
GrowTime = 1.000000;

b

Stage 14 {
Model="5 #&2 1";
TextureFront="5 {2
GrowRate = 0.084000;
GrowTime = 1.000000;

b

Stage 15 {
Model="5 #&2 1";
TextureFront="5 {2
GrowRate = 0.058000;
GrowTime = 1.000000;

h

Stage 16 {
Model="5 #&2 1";
TextureFront="5 {2
GrowRate = 0.064000;
GrowTime = 1.000000;

h

Stage 17 {
Model="5 #&2 1";
TextureFront="5 {2
GrowRate = 0.046000;
GrowTime = 1.000000;

h

Stage 18 {
Model="5 #&2 1";
TextureFront="5 {2
GrowRate = 0.042000;
GrowTime = 1.000000;

h

Stage 19 {

.bmp

.bmp

.bmp

.bmp

.bmp

.bmp
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Model="5 #&2 1";

TextureFront="5 {2
GrowRate = 0.072000;
GrowTime = 1.000000;

b

Stage 20 {
Model="5 #&2 1";
TextureFront="5 {2
GrowRate = 0.082000;
GrowTime = 1.000000;

b

Stage 21 {
Model="5 #&2 1";
TextureFront="5 {2
GrowRate = 0.086000;
GrowTime = 1.000000;

b

Stage 22 {
Model="5 #&2 1";
TextureFront="5 {2
GrowRate = 0.082000;
GrowTime = 1.000000;

h

Stage 23 {
Model="5 #&2 1";
TextureFront="5 {2
GrowRate = 0.046000;
GrowTime = 1.000000;

h

Stage 24 {
Model="5 #&2 1";
TextureFront="5 {2
GrowRate = 0.042000;
GrowTime = 1.000000;

h

h
Root {}

.bmp

.bmp

.bmp

.bmp

.bmp

.bmp
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Fruit {}
Flower {}
Grow {
w = A(0);
A(0) ->S(2);
S(2) > S(0) A(10) ;
A(10) -> rotr(0.118453)rotu(0.000000)S(3) ;
S(3) > S(0) A(11) ;
A(11) -> rotr(0.060320)rotu(-1.640751)S(4) ;
S(4) > S(0) [rotr(0.915944)rotu(-2.102210)S(9)]
[rotr(0.753473)rotu(1.781339)S(12)] rotr(0.143584)rotu(-2.926000)S(5) ;
S(5) > S(0) [rotr(0.782279)rotu(-2.720525)S(15)]
[rotr(1.327108)rotu(0.355939)S(16)] rotr(0.253139)rotu(0.829668)S(6) ;
S(9) > S(0) [rotr(1.437030)rotu(-2.948652)S(1)L(7)]
[rotr(1.412685)rotu(0.192941)S(1)L(8)] rotr(0.129264)rotu(-0.740093)S(10) ;
S(12) -> S(0) [rotr(1.461646)rotu(-0.441349)S(1)L(13)]
[rotr(1.455861)rotu(2.700244)S(1)L(14)] rotr(0.151972)rotu(-2.562562)S(13) ;
S(6) > S(0) [rotr(1.304935)rotu(-3.040756)S(1)L(1)]
[rotr(1.243223)rotu(0.100836)S(1)L(2)] rotr(0.128525)rotu(-0.589314)S(7) ;
S(10) -> S(0) [rotr(1.398658)rotu(1.861781)S(1)L(9)]
[rotr(1.438476)rotu(-0.979812)S(1)L(10)] rotr(0.296512)rotu(-1.367003)S(11) ;
S(13) -> S(0) [rotr(1.278759)rotu(0.481072)S(1)L(15)]
[rotr(1.252177)rotu(-2.660521)S(1)L(16)] rotr(0.272038)rotu(1.113786)S(14) ;
S(15) -> S(0) [rotr(1.254986)rotu(-3.115658)S(1)L(20)]
rotr(1.250299)rotu(0.025934)S(1)L(19) ;
S(16) -> S(0) [rotr(1.386465)rotu(-2.566244)S(1)L(21)]
[rotr(1.368044)rotu(0.135349)S(1)L(22)] rotr(0.249618)rotu(-1.884596)S(17) ;
S(7) > S(0) [rotr(1.297974)rotu(-0.500724)S(1)L(3)]
[rotr(1.306198)rotu(2.640868)S(1)L(4)] rotr(0.165558)rotu(-1.632350)S(8) ;
S(11) > S(0) [rotr(1.446511)rotu(2.246520)S(1)L(12)]
rotr(1.421713)rotu(-0.895073)S(1)L(11) ;
S(14) -> S(0) [rotr(1.363551)rotu(-2.864109)S(1)L(18)]
rotr(1.347926)rotu(0.277484)S(1)L(17) ;
S(17) -> S(0) [rotr(1.301708)rotu(-3.008880)S(1)L(24)]
rotr(1.259434)rotu(0.132713)S(1)L(23) ;
S(8) > S(0) [rotr(1.085069)rotu(-0.439142)S(1)L(5)]
rotr(1.070187)rotu(2.702451)S(1)L(6) ;
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