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Fig.1 Structure diagram of seedling cutting system
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Fig.12 Seedling target detection results of different placement directions
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4.4 METIELRE
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b. Cutting execution
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Fig.13  Seedling cutting site
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Table 2 Results of seedling cutting test

we MRS DI AR ARE SRCTIDIRIR [
(No Number of Number of Number of Qualified Average cutting time
: plants cutting qualified  rate /% for each plant/s
1 7 19 18 94.7 17.4
2 10 24 24 100 15.6
3 11 29 25 86.2 16.0
4 10 26 23 88.4 15.9

o . . o »

a. PIFIRIAE EE b. YIEE ARG
a. Seedling image before cutting b. Seedling image after cutting
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Fig.14 The cutting effects of phalaenopsis seedling
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Design and experiments of phalaenopsis seedling cutting system using
visual servo

Zhai Yongjie!, Hu Dongyang®, Yuan Chao'*, Wang Jiahao’, Zhang Xin®, Liu Yajun?

(1. Department of Automation, North China Electric Power University, Baoding 071003, China; 2. Hubei Artisan Biotech Co., Ltd.,
Zhongxiang 431900, China)

Abstract: The tissue culture technology of phalaenopsis has gradually matured in recent years. Seedling stem cutting has been
one of the most critical steps in the process of the tissue culture industry. An automatic cutting system can greatly contribute to
reducing the probability of infection for the better quality of seedlings. In this study, a cutting-point positioning system was
proposed for the automatic cutting of phalaenopsis seedlings using a visual servo. The elastic cutting end was also designed
using the fitting straight line for the structural characteristics of seedlings. The seedling cutting system was mainly composed
of the seedling visual detection, cutting coordinate positioning, and seedling cutting execution modules. Specifically, the
seedlings were firstly photographed with an industrial camera, and then the images were transmitted and saved to the core
computing unit. Shuffle Net v2 - YOLOvS model was used for the target detection of the collected images, in order to realize
the accurate detection of the seedling stem, blade, and black tuber. Secondly, the saved image was identified to evaluate the
feasibility of cutting performance. The image data was then extracted from the detection frame, where the image contour in the
frame was extracted to fill the maximum connected region. The stem straight-line fitting with the distance correction was used
to make the connected region pixels near the black tuber position closer to the cutting center. Thirdly, the cutting-point
positioning was implemented to verify the resulting data using geometric profiles. Finally, the cutting coordinate was
transmitted to the cutting actuator for the cutting operation. The cutting-end design fully considered the characteristics of
phalaenopsis seedlings and the cutting environment of tissue culture seedlings. The structure reduced the impact force of
cutting tools when performing the cutting tasks. As such, a stable and effective operation was achieved at the cutting end for
the rapid replacement of sterile consumables. A user interface was also designed to cooperate with the cutting system for the
phalaenopsis seedling cutting, including the display of target detection and cutting coordinates, as well as the cutting control
modules. Various components of the seedling were monitored to predict the parameters of the manipulator at each joint,
particularly for the end speed over the control area. A target detection experiment was conducted to compare the Faster-RCNN,
YOLOv4, YOLOvVS, and MobileNet v2-YOLOVS detection models. ShuffleNet v2-YOLOv5 model presented a higher
detection accuracy of 96.7%, a weight file size 1.3 MB, and an average detection time of 0.026 s, suitable for seedling image
detection. In the seedling cutting test, the cutting qualified rate was higher than 86% than before, and the average cutting time
per plant was less than 18 s. The finding can lay the foundation for the phalaenopsis seedling cutting system with two-arm
cooperation.

Keywords: target detection; deep learning; visual servoing; phalaenopsis seedlings; cutting point positioning; cutting system
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