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1. Direction of potted-seedling is moved by end-effector 2. Target tray
movement direction 3. Target tray 4. Camera 5. Source tray
6. Potted-seedling 7. Source tray movement direction 8. Push rod
horizontal movement 9. Push rod 10. Push rod rotation direction
11. Push rod vertical movement direction 12. End-effector 13. Retractable
sleeve movement direction of end-effector 14. Background board
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Fig.1 System diagram of accessing to transplanting fitness
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Fig.2 Potted-seedling source image
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Fig.4 Result of image pre-processed
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Fig.6 Result of main stem feature extraction
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Fig.7 Result of main stem corners detection
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Table 1 Test result and analysis of potted-seedling transplanting fitness
N AT T

Manual measurement This method A 2=

WM 2Bk 3B Atk BSHE IR B2kk B3ME Atk HSH Average
NO1 NO2 NO3 NO4 NOS5 NO1 NO2 NO3 NO4 NOS5 errors

(ENARSEEA EEE N 99.7 98.4 76.5 102.9 89.1 104.4 101.7 75.8 102.6 87.9 1.2
140 Image of 0 Perpendjfularlty/( )
BRTH position Hei;lgmm 151 143 79 179 141 146 148 76 188 136 0.2
The first pyToy= S
group of 9011E ELE o 99.3 86.8 80.2 97.3 85.5 101.5 99.4 73.6 103.7 97.6 53
potted- &%  Perpendicularity/(°)
Seedlings Image of =53
90° Heicht/ 150 151 77 190 136 148 156 80 192 140 2.4
position cighvmm
0 7 B K% Pelpen%iifiity/(o) 723 67.3 99.6 80.7 110.3 75.5 80.5 110.1 78.7 103.5 3.6
#2410 Imageof0 o e
AT position Hei?h}imm 132 123 145 139 151 135 132 140 145 147 1.8
The second pyTeye >
group of 0L Eiﬁ; o 1003 77.3 75.3 100.5 80.7 105.3 80.5 75.5 101.7 80.7 1.9
potted- K%  Perpendicularity/(°)
seedlings Image of =58
90° Heicht! 144 122 139 143 163 135 129 132 147 157 22
position clghtmm
0 17 B K% Pelpen%iifiity/(o) 110.3 75.6 105.4 106.5 40.5 108.9 82.5 105.5 100.4 36.5 0.9
340 Imageof0 o e
[N position Hei’:h}imm 106 126 137 109 91 111 123 139 92 78 52
The third Py —
group of 0L Eiﬁ; o 1114 77.4 101.1 112.5 74.9 109.7 80.5 100.5 105.5 71.9 0.64
potted- K%  Perpendicularity/(°)
seedlings Image of =
90° Height/mm 103 129 139 119 75 110 120 135 95 80 5
position
0 7 B K% Pelpen%iifiity/(o) 79.9 69.5 115.6 67.7 98.9 78.5 69.5 117.9 69.9 98.5 0.5
#4240 TImageof0 o e
[N position Hei’:h}imm 143 113 85 115 153 147 116 60 112 156 3.6
The forth pyTaye -
group of 0L Eiﬁ; o 82.8 71.9 117.3 66.4 100.9 83.9 71.1 115.5 70.4 99.9 0.3
potted- K%  Perpendicularity/(°)
seedlings mage of =i
90° Height/mm 139 115 80 110 150 146 117 78 114 154 3
position
0 7 B K% Pelpen%iifiity/(o) 107.7 87.5 81.9 62.7 97.5 109.9 83.5 83.9 60.5 100.5 0.2
540 Imageof0 o e
[N position Hei’:h}imm 127 155 155 81 162 125 150 158 65 165 3.4
The fifth Py -
group of 0L Eiﬁ; o 1057 86.5 82.9 61.2 99.5 108.7 82.5 83.5 59.3 101.7 0.02
potted- K%  Perpendicularity/(°)
seedlings Image of =i
90° . 129 158 159 80 160 122 152 155 73 166 3.6
position Height/mm
0 1 E K14 Pemeﬂc‘;g ity/(°) 77.4 77.7 95.6 82.7 109.3 84.5 85.4 96.2 82.9 106.5 2.6
%641 Imageof 0 -
[N position Hei’:h}imm 132 123 155 149 86 130 125 155 152 106 4.6
The sixth Py —
group of 0L Eiﬁ; o 75.5 76.6 96.6 80.8 1133 75.0 75.5 96.5 81.2 111.2 0.68
potted- K%  Perpendicularity/(°)
seedlings Image of =i
90° . 130 120 160 153 91 132 123 156 150 105 2.4
position Height/mm

T BRI ELRE PR R AR 45°<a<<135°, BRI TRREVE HEAS 0 B> 105 mm, O {07 R QOO B ) BA I T 7 88 AR 1o FEE 3409k Aot PP AR 4 b S ) B
POEREY 2 ey AN

Note: Evaluation index of potted-seedling perpendicularity is 45°<<a<<135°, Evaluation index of potted-seedling height is #>105 mm. Potted-seedling is
determined to meet transplanting fit when its perpendicularity and its height meet the requirements of evaluation indexes in 0 position and 90°position !,
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Information acquisition method of potted-seedling transplanting
fitness using monocular vision

Yang Zhenyu'?, Zhang Wengiang*, Li Wei**, Chen Ying*, Song Peng*
(1. College of Engineering, China Agricultural University, Beijing 100083, China,
2. School of Mechanical Engineering, Shandong University of Technology, Zibo 255049, China)

Abstract: The potted-seedling growth state varies in the tray. Transplanting is the key in the nursery seedling
process. In order to improve the survival rate of a transplanted potted-seedling, and solve the emergence problems
such as seedlings growth, or irregular or broken seedlings, the fitness information of the perpendicularity and
height of transplanted potted seedlings was comprehensively evaluated, and filtered out potted seedlings meeting
the transplanting requirements. The potted-seedling jacked up by the push rod of the image acquisition system can
be rotated 90°. A camera captured two images of the potted-seedling before and after it was rotated 90°. The
gray-value probabilities histogram of the grayscale images RGB channels existing concentrated areas. At first, the
image was pre-processed by 24-bit RGB source image converting to 8 bit grayscale algorithm, median filtering
algorithm and gray stretching algorithm. Then, the trunk features of the potted-seedling were extracted by the
image processing algorithms of thinning, horizontal expansion, and vertical erosion. Finally, the key points of
every potted-seedling trunk were extracted by a Harris corner detection algorithm of 3x3 Gauss templates of the
standard deviation was 0.65, and the fitting line was obtained by the weighted least-squares linear fitting with the
key points, and the converted line slope was used as the identification parameter of the potted-seedling upright,
and found out the maximum y-coordinate difference of all corners coordinates in each strain of potted-seedling,
110% of the difference was used as the identification parameters of the potted-seedling height. The
perpendicularity and height of potted-seedlings had to meet evaluation requirements before being considered
suitable for transplant. The perpendicularity and height of 30 strains of a pepper potted-seedling in twelve images
were distinguished by machine vision technology at the 0 and 90°position, and the average time consuming of
each image being processed was 0.35 s. According to evaluating indicators of the perpendicularity (45°<<a<<135°)
and height (H>105 mm), it was determined that five potted-seedlings were suitable for transplanting, and
wherein the measurement results of two potted-seedlings were converse using the vision measurement method or
the manual measuring method. The error rate was 6.67% between the machine vision recognition results and the
manual measurement results. The main reason for the deviation was that the manual measuring accuracy was
affected by the leaves of the potted-seedlings obscuring the stems and the vibrations of the transplanting machine
causing location changes during the process of rotating 90°.

Key words: image processing; machine vision; image recognition; potted-seedling transplanting; perpendicularity;
height; corner detection
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