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ABSTRACT

In the present study, a method was proposed to separate two plant tissues (photosynthetic and nonphotosynthetic
tissues) on 3-D point cloud data of a two evergreen trees obtained by a dual wavelength portable scanning lidar, that allows
to get refection intensity of red and near infrared of a target. First, 3D point cloud data of the trees were collected from
ground positions that surrounded the trees. Next, the data were voxelized and training data that correspond to a part of
photosynthetic and nonphotosynthetic tissues were picked out from the lidar data. Based on the training data, distributions
of the refection intensity of red and the ratio of the refection intensity of red and near infrared were investigated and they
were used for separation of two tissues in the lidar data based on the maximum likelihood method. As a result, over all
accuracy and kappa coefficient values of the two trees for the separation ranged from 81 to 93% and from 0.30 to 0.63.
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Fig. 1. Distributions of the reflection intensity of red (Ir) and a ratio
of the reflection intensity of red and near infrared (Ir/In) on
two plant tissues based on the training data picked from the
lidar data. Figures (a) and (b) correspond to the distributions
of a camellia sasanqua and (c) and (d) correspond to the
ones of camella japonica. DN: digital number.

Fig. 2. Comparison of lidar-derived 3D voxel images of a camellia
sasanqua before and after separation. (a) An image before
separation. (b) A validation image of nonphotosynthetic
tissues made from an image in which all leaves were
removed. (c) An image of nonphotosynthetic tissues after
separation based on Ir/In. (d) An image of nonphotosynthetic
tissues after separation based on Ir.
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Fig. 3. Comparison of lidar-derived 3D voxel images of a camellia
Japonica before and after separation. (a) An image before
separation. (b) A validation image of nonphotosynthetic
tissues made from an image in which all leaves were
removed. (c) An image of nonphotosynthetic tissues after
separation based on Ir/In. (d) An image of nonphotosynthetic
tissues after separation based on Ir.
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Fig. 4. Height distributions of voxel number on a camella sasanqua
after separation. (a) Nonphotosyntheric tissues separated
by Ir. (b) Nonphotosyntheric tissues separated by Ir/In. (c)
Photosynthetic tissue separated by Ir. (d) Photosynthetic
tissue separated by Ir/In. “Correspondence” in the legend
means the voxels after separation that corresponded to
voxels within a validation image.
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Fig. 5. Height distributions of voxel number on a camella japonica
after separation. (a) Nonphotosyntheric tissues separated
by Ir. (b) Nonphotosyntheric tissues separated by Ir/In. (c)
Photosynthetic tissue separated by Ir. (d) Photosynthetic
tissue separated by Ir/In. “Correspondence” in the legend
means the voxels after separation that corresponded to
voxels within a validation image.
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Table 1. An error matrix for separation results in each method

Camellia sasanqua

Camellia japonica

Ir/In

Ir

Ir/In Ir

UA PA OA ¥ UA PA OA x UA PA OA x UA PA OA «
Nonphotosynthetic 350/ 850, 73%62% 24%82% 44%63%
tissues
Egﬁg”“m““ 97%81% 98%97% 98%81% 97% 94%
81% 0.40 93% 0.63 81% 0.30 92% 0.48

UA: User’s Accuracy, PA: Producer’s Accuracy, OA: Overall Accuracy, « : kappa coefficient.
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