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Calculation Method of Leaf Area Density Based on
Three-dimensional Laser Point Cloud

ZHANG Meina' LU Xiaolan' QIU Wei® LEI Xiaohui' YANG Qingsong’ ZHANG Dongxin'
(1. Institute of Agricultural Facilities and Equipment, Jiangsu Academy of Agricultural Sciences, Nanjing 210014, China
2. College of Engineering, Nanjing Agricultural University, Nanjing 210031, China
3. Institute of Horticulture, Jiangsu Academy of Agricultural Sciences, Nanjing 210014, China)

Abstract; Geometrical characteristic of the target is the basis to calculate pesticide dosage. In domestic
and international research, volume was calculated usually as the control input of variable-rate spraying
system. Compared with the volume parameter, leaf area density can avoid the errors caused by irregular
canopy shape and lots of gaps in the canopy. Therefore, a method to extract the leaf area density based
on the three-dimensional laser point cloud data was proposed. This method corresponded to the law that
the branches and leaves were more, the leaf area was larger and the point clouds were more. A target
detection system was set up, including a laptop, a light detection and ranging sensor, an incremental
photoelectric encoder and an electronic slide. Three-dimensional laser point cloud of the target was
obtained through the detection system moving along the line between the trees. According to the structure
of the spraying system, the spraying area was partitioned into several spaces with the same scale, and the
number of point clouds and leaves was counted respectively by computers and men in each sub-region.
Based on the assumption which the leaf areas were almost the same in each spraying area, the function
relationship between the number of point clouds and leaves was analyzed based on Matlab software cftool.
The curve fitting results showed that the correlation coefficients between the leaf number and laser point
number were 0. 925 7, 0.931 and 0.936 4, respectively, with Gaussian function, polynomial function
and exponential function, and the exponential function was the best. On the other hand, based on the
above three functions, the minimum relative error of the thick area was 11.46% , the minimum relative

error of the area between thick and sparse was 11.05% , and the minimum relative error of the sparse
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area was 35.5% . Then the leaf area density was calculated by the decided function and coefficient

transformation. The calculation of the leaf area density from three-dimensional laser point provided a extra

information for calculating the pesticide dosage. A statistic analysis on the real fruit trees and a optimizing

for the target detection system were needed, more accurate function relationship between the laser point

density and leaf area density would be calculated via the added correction coefficient.

Key words: variable-rate spraying; laser scanning; three-dimensional point cloud; point density; leaf

area density
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