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Maize Leaf Morphological Modeling and Mesh
Simplification of Surface
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Abstract: [Objective] The study was conducted to harmonize the relationship between visual effects and calculation
efficiency of crop morphological models. [Method] This was done using morphological modeling of maize leaves based on
Non-Uniform Rational B-Splines (Nurbs) interpolation combined with multi-line segment splitting algorithms. Controllable mesh
simplification of triangular surface was introduced. [Results] Scientists used a group of three-dimensional data points from a
scanning device. The crop leaf crooked surface with a 3D effect was constructed using a vector calculation. Crooked surface control
points resulted by useing interpolation calculation, etc. According to leaf morphological characteristic, leaf surface mesh amount was
simplified by inverse operations of multi-line segment splitting algorithm, and the mesh amount declined with available maintenance
of surface characteristics. [ Conclusion] This method was used to calculate visualization and light distribution and the results showed
that calculation effects could be improved clearly when a calculation error was not increased remarkably. The method could reflect
model details and provide the solution to harmonize the relationship between visual effects and calculation efficiency of crop
morphological models.
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Fig.1 The modeling method of maize leaf using NURBS
interpolation
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Fig. 2 Sketch using the multi-line segment splitting
algorithms distill characteristic dot
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(a): Mesh with 1800 triangles (the reference mesh),(b): Mesh with 440 riangles,

(c): Mesh with 72 triangles (the standard mesh), (d): Mesh with 8 riangles,
(e): Mesh with 3 triangles
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Fig. 3 Simplified Mesh shape of maize leaf

LA N — PR B HIR LB, FEAETAR s B
— R BT HLA S B R R R AR A,
Bl 2-b frse (3D DAL, BRI s ik
R R BLe X TABIFTT IR TR B B (0 3
mo SR ZEEBO RS, WEE— AN
u i) HHATERBCANE, RJE AR T (wo D) AT
LBl EAR PR ST ARAERIRS o JERLIX RPN
WIS, AT FRAE R R — b faife, H 22
M 3 A =SBk kR (K 3).

R LA I K LA o5 1)

FASR I e 2 DB R AE RS (36 1. I 3 F
R LWLV, AR e A 53 T LR 2 b
R i (R AR B, R v SRR . i AR
M1 800 FEEE 8 Y, M HIIBIRIBE MBI iR 2
BEIAGEIL 5%, MM HT 8 I, REA R
FHN . DI, ZT5E T TR R A K on]
WA TS HT,  RESNASHL I AL AT REAL S R AT S0
Z IR IAN ) /5K o

F1 FAEMEREITE AT RN FERMAE S ERE
Table 1 Maize leaf area and projection area calculated by
different mesh scales

W k% EH

1800 440 72 8 3
Mesh number
T (m?) 0123 0123 0122 0118  0.102
Leaf area
PR (m?) 0.808 0.807 0.801 0.785 0.689

Projected leaf area
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Table 2 Maize canopy morphological character parameters

calculated by different mesh scales

HHE S5 [ 4% %% Mesh number
Character parameter

440 72 36 4
- A (m?) Leaf area 765 7542 7479 60.53
BRI (M) 316 309 31.76 24.32
Total projected leaf area
e BT (M) 10.89 10.7 10.82 8.94

Vertical projected leaf area
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(a)Mesh with 440 triangles; (b)Mesh with 72 triangles; (c)Mesh with 36

triangles (the standard mesh); (d)Mesh with 4 triangle
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Fig. 4 The maize canopy realized on the compute by different
mesh scales
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Table 3 Rate of transmitting direct light within rectangular area

at different canopy heights calculated with different

mesh scales
FEE (em) 4% %0 Mesh number
Height 440 72 36 4
0 0.15 0.15 0.14 0.21
50 0.09 0.10 0.10 0.16
100 0.12 0.12 0.12 0.21
150 0.24 0.25 0.24 0.41
200 0.53 0.55 0.54 0.73
225 0.87 0.88 0.89 0.95
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Table 4 Scattered light distribution in different canopy

heights calculated with different mesh scales

25 JA) & (em) K k4% Mesh number

Spot 440 72 36 4
( 27013550) 0.35 0.35 0.35 0.44
(270 135100) 0.22 0.24 0.24 0.36
(270135 200) 0.29 0.30 0.30 0.45
(2101351000 0.22 0.23 0.24 0.37
(210105 100> 0.25 0.27 0.28 0.33
( 21010550) 0.30 0.32 0.32 0.45
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