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Upscaling Leaf Angle Distribution Using Terrestrial Laser Scanning Technique

Su Wei'  Zhan Junge' Li Jing® Ma Hongyuan' Wu Daiying' Zhang Rui'
(1. College of Information and Electrical Engineering, China Agricultural University, Beijing 100083, China

2. Satellite Environment Center, Minisiry of Environmental Protection, Beijing 100094, China)

Abstract; Leaf angle distribution (LAD) can be used to describe the canopy structure of vegetation
completely, such as crops, trees and grass. It’s one of the important parameters to quantitative description
of vegetation canopy structure. At the present, there are few studies used the spectral data to inverse
LAD, and results of the most existing studies of mean leaf tilt angle and leaf angle distribution were the
locational inversion. Therefore, this study set the study site in five counties of Baoding City, Hebei
Province, using terrestrial laser scanning ( TLS) to acquire the leaf angle distribution data of maize.
Combining the Landsat8 remote sensing data, firstly, the principle component analysis was taken to
extract the principle information of measured leaf angle distribution of maize. Secondly, the back
propagation artificial neural network was taken to model the relationship of principal information and
spectral data. Then, the model was used in the whole study area to accomplish the upscaling transform.
Finally, the upscaled mean tilt angel (MTA) was calculated based on the predicted LAD by principal
component inverse transformation, in order to quantitate the leaf angle data. The cross validation result
showed that the accuracy (R*) between upscaled MTA and measured MTA was 0. 786 2, and the mean
square root error (RMSE) was 3. 04°. Consequently, it shows that this method can realize the aim of
LAD upscaling.
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Fig. 1  Study area and LAD sample points distribution
(Landsat8 OLI remote sensing image, R:655 nm;

G:561 nm; B:483 nm)
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Fig.2 Resulis of preprocessing maize TLS cloud points
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Fig.3 Measured leaf area frequency distribution results
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Fig.4 Simulated MTA result based on infrared band
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Tab.1 Results of LAD using PCA

ISy FEIE(E RBTTMRAR/ % TR/ %
1 5. 865 440 58.65 58.65
2 3.136 556 90. 02 31.37
3 0.531 234 95.33 5.31
4 0.216 852 97.50 2.17
5 0.117 585 98. 68 1.18
6 0. 066 476 99.34 0.42
7 0.041 485 99. 76 0.24
8 0. 024 255 100 0.24
9 0.000 118 100 0
10 0 100 0
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Fig.5 Contrast result of upscaled and measured LAD
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Tab.2 Results of difference between measured MTA and

upscaled MTA

SRR () BINAE/(0) ARXRPRZE/()  HEXTERE/%
65.792 98 62. 166 22 3. 626 760 5.51
67.593 10 66.946 17 0. 646 935 0.96
62. 804 64 60. 657 33 2.147 312 3.42
57.848 47 51.226 28 6. 622 186 11.45
59.41129 59.168 84 0.242 450 0.41
57.396 15 53.677 30 3.718 849 6.48
57.747 175 56.697 27 1. 050 480 1.82
62. 620 66 60. 280 93 2.339 726 3.74
63. 138 07 62. 88573 0.252 335 0. 40
60. 406 18 61.069 22 0. 663 046 1.10
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Fig. 6 Contrast result of upscaled and measured MTA
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Fig.7 Upscaled MTA results of maize canopy
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