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A point cloud completion method based on CGRSNet
for incomplete nectarine shape

SUN Ke, XU Huanliang, REN Shougang, SHAN Meixuan, WANG Haoyun "

(College of Artificial Intelligence ,Nanjing Agricultural University ,Nanjing 210095, China)

Abstract ; [ Objectives ] Because of the limit of camera field,the walnut point cloud suffers from missing points,which detrimentally
affects the accuracy of walnut phenotype analysis. To enhance the accuracy and expedite the efficiency of walnut grading and
classification , this paper proposed a walnut external parameter estimation approach with three-dimensional reconstruction. [ Methods ]
We introduced a coarse-grained realistic structure with the point cloud generation network ( CGRSNet ) to form a point cloud
completion network with an encoding-decoding mechanism. Firstly, a new sampling algorithm was implemented to extract feature
information of the original point cloud in different dimensions and thereby increased the feature extraction effectiveness of walnut
phenotype. Afterward,the autoencoder was utilized to reconstruct the point cloud in multiple dimensions, and a complete walnut
shape was eventually obtained. In the end,the parameters of the model were applied to estimate the volume of walnut. The walnut
geometry model generated by multiple parameters was digitized into the point cloud data to feed CGRSNet and get a pre-trained
walnut geometry model through shape completion. A fine-tuning process was then conducted with the real walnut point cloud data.
[ Results ] The chamfer distance of the completion network for walnut data set was 0.196 cm. According to the linear regression
analysis , the RMSE and R score of the volume estimation were 2.47c¢m and 0.94, respectively, which were 0.88 ¢m and 0.01 higher
than those of PF-Net,respectively. [ Conclusions ] The walnut external parameter estimation algorithm based on CGRSNet proposed in
this paper presents satisfactory practicability and accuracy.

Keywords : three-dimensional graphics ; point cloud completion ;model migration ;deep learning ;nectarine phenotype ; volume estimation
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F2 HtkE=HIERLE

Fig.2 Preprocessing of nectarine point cloud data
A AT Ak Nectarine after shooting; B.22BRTY 5175 Remove background noise ; C. AL HE 5 [ 55 25 Point cloud after preprocessing.
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Fig.3 Nectarine geometric model
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Fig. 6 The framework of coarse-grained realistic structure with point cloud generation network( CGRSNet)
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Table 3 The results of volume estimation of simulated nectarine geometric model by different network models

M 4545570 Network model CD/cm RMSE/cm? R? 257 Network model CD/cm RMSE/cem?® R?
VoteNet 0.329 4.39 0.92 PF-Net 0.197 1.70 0.96
PCN 0.223 2.96 0.94 CGRSNet 0.184 1.42 0.98
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Table 4 Comparison of the nectarine volume estimation before and after model migration

AbPE Treatment F8FR Ttem VoteNet PCN PF-Net CGRSNet
RETUIT R iy RMSE 20.32 12.77 8.76 6.81
Before model migration R? 0.81 0.85 0.88 0.90
BT A RMSE 6.03 4.25 3.35 2.47
After model migration R? 0.90 0.92 0.93 0.94
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