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Design and Experiment of Low Damage Flexible Harvesting
Device for Hydroponic Lettuce

MA Yidong HU Pengzhan JIN Xin LI Xinping ZHANG Chao ZHANG Yin
(College of Agricultural Equipment Engineering, Henan University of Science and Technology, Luoyang 471003, China)

Abstract; The leaves of hydroponic lettuce were easy to damage during the process of harvesting in the
plant factory, to improve the harvesting quality for hydroponic lettuce, a flexible harvester with low
damage was designed and manufactured combined with the agricultural technology of hydroponic lettuce.
To realize flexible harvesting with low damage for hydroponic lettuce, image processing was used to detect
the outer rectangle of hydroponic lettuce contour, and the plant height and leaf expansion size of lettuce
were obtained. The lettuce leaves were grabbed by flexible fingers, and then the lettuce stem was
removed by the cutting device. The working process and structure parameters of flexible grabbing device,
stem cutting device, and control system were analyzed. The parameters combination of grabbing height
ratio, grabbing diametrical ratio, and bending angle for flexible fingers were optimized by using response
surface methodology. The optimizing test results showed that the order of significance for harvesting
success rate was bending angle, grabbing diametrical ratio, grabbing height ratio, and the single factors
had highly significant influence on the leaves damage area. The optimized combination of factors was
solved by quadratic fitting function, and the value of grabbing height ratio, grabbing diametrical ratio and
bending angle were 0.55, 0.76, 39.7°, respectively. The verification test showed that the leaves
damage area was 186 mm’, and the harvesting success rate was 96% under the optimized combination,
which meant the low damage harvesting for hydroponic lettuce was realized.
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Tab.3 Experimental design and results

e HX Y, /% Y, /mm?
X, X, X,/(°)
1 0.55 0.85 22.6 68 132
2 0.55 0.75 35.3 96 170
3 0.45 0. 65 35.3 100 394
4 0. 65 0.85 35.3 80 159
5 0. 65 0. 65 35.3 90 227
6 0.55 0.75 35.3 94 198
7 0.45 0.75 48.0 100 368
8 0.55 0.75 35.3 92 191
9 0.55 0. 65 22.6 78 174
10 0.55 0.85 48.0 88 167
11 0.55 0. 65 48.0 100 354
12 0.45 0.75 22.6 82 149
13 0.55 0.75 35.3 94 196
14 0.45 0.85 35.3 84 169
15 0. 65 0.75 48.0 84 156
16 0.55 0.75 35.3 92 185
17 0. 65 0.75 22.6 66 136
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Tab.4 Analysis of variance for harvesting success rate

FERB FHM HME % F P
AT 0.17 9 0.018 22.16 0.0002
X, 0. 026 1 0. 026 31.81 0.000 8
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X, 0.076 1 0.076 91.47 <0.000 1
XX, 9.00x10°* 1 9.00x10"* 1.08 0.3327
XX, 5.56x1077 1 5.56x1077 6.68x10°"*  1.0000
X, X, LO0x107* 1  1.00x10°* 0.12 0.7389
X 3.30x107* 1 3.30x10°? 3.97 0.086 6
X3 2.23x107° 1 2.23x1073 2.68 0.1457
X? 0.03 1 0. 026 30. 81 0.0009
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Tab.5 Analysis of variance for leaves damage area
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Fig. 19  Harvesting process of hydroponic lettuce
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