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Fig.1 Voxel meshes of plant leaf at different densities
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Fig.2 Mass-spring structure of single voxel
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Fig.3 Mass-spring structure of the whole plant leaf model
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Fig.4 Wilting of cucumber leaf
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Fig.5 Force diagram of voxel
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Fig.6  Simulation of leaf wilting such as Fig. 4
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Fig.7 Wilting process of tomato leaf
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Fig.8 Wilting process of watermelon leaf
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Fig.9 Cucumber leaf wilting experiment
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Fig. 10 Cucumber leaf wilting process corresponding

to the table 1
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Tab.1 Comparison of the 3D coordinates

of the leaf tip

JEAB TR
M5V i 5
1 (0.46 ,19.58 , -2.13)
2 ( -1.26,18.51, -3.43)
3 (-1.30,13.45, -9.87)
4 (0.10, 8.90, —14.10)
5 (0.60, 4.20, —18.40)

S B = 4 AL bR

(x,y,2)/cm

FREADL 45 S 11 = 4 Ak b
(x,y,z)/cm

(-1.06,20.41, -1.79)
( -0.86,19.03, -3.22)
(1.12, 12.85, -9.49)
(1.27,9.90, —15.20)
(1.50,1.70, —19.60)
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Physical Description of Plant Leaf Wilting

Miao Teng' Guo Xinyu’ Wen Weiliang” Lu Shenglian®
(1. College of Information and Electrical Engineering, Shenyang Agricultural University, Shenyang 110866, China
2. Key Laboratory for Information Technology in Agriculture, Ministry of Agriculture, Beijing Research Center for

Information Technology in Agriculture, Beijing 100097, China)

Abstract; This paper presented a physical representation for quantitatively simulating the motion of plant
leaves, such as wilting and curling. The wilting motion is associated with the contraction and stretching of
the plant cells. Fact-based, our method modeled the physical morphological changes of the plant cells for
describing the wilting motion of leaves. Firstly, a voxel mesh constructed based on 3D leaf model was
used to simulate the cell structure of plant leaves. Then, the mass-spring structure was applied to express
the forces between cells . Finally, The Euler — Lagrange equation was utilized to model the movement
process and solved by implicit newmark integration method to get the 3D positions of the voxel mesh. The
movement trails of wilted leaf tip in the geometric space were used for data validation. The angular
difference between measured motion direction and experimental results was 19°, and the distance between
them ranged from 0. 68 cm to 3. 0 cm. The experimental data show that movement trails of wilted leaf tip
that the method simulated is closed to the real wilted leaf; secondly, evaluating this method from the
visual aspects, the algorithm also can realistically simulate the deformation process of plant leaf wilting.

Key words: Plant leaf Wilting Computer simulation Physical modeling



