= 22-47-11-25 The Journal of Korean Institute of Communications and Information Sciences *22-11 Vol.47 No.11
https://doi.org/10.7840/kics.2022.47.11.1983

FAAN Evle 53 23 g9 AAE 98 A=

=Y
S

r

AR =, ¥

Hardness Analysis for Design of Harvesting Robot Gripper in
Hydroponic Greenhouse
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ABSTRACT

Recently, Various social changing has led to a decrease worker in the agricultural. In addition, there are
changing that methods for agricultural production. In response to these social changes, the area of smart
greenhouse is increasing. In this paper, we conducted a study of element technology for harvest robot in smart
greenhouse. In the case of domestic tomatoes, most fo them are grown for the purpose of eating without
cooking, their commodity during harvesting operations is very important. We analyzed the design factors of the
gripper. Tomatoes was divided into 6 stage maturity and the firmness was measured. We analyzed the
allowable compressive force by tomato maturity. It is used as a data for gripping, motion of the harvesting

robot gripper. This will allow us to develop a gripper-shaped gripper for tomato harvesting.
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Fig. 1. The hydroponic greenhouse for tomato
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Table 1. Maturity stages of tomato
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Table 2. Measurement set point

Maturity Description La*b Value
m} Green: Entirely green | -4.87 + 2.73

Breaker: First

o> appearance of external
7 -0.33 + 2.
Q«} pink or red color 0.33 + 250

not more than 10%

Turning
Over 10% but not
more than 30% red
or pink

498 £ 2.70

Pimk

Over 30% but not
more than 60%
pinkish or red

10.70 + 2.53

Over 60% but not 16.57 + 2.32
more than 90% red

Red

+
Over 90% red 1931+ 160

e
‘ Light red
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Fig. 2. Firmness(compression) test of the tomato

Pre-test speed 2 mmysec
Loading speed 5 mmfsec
Skin Depth 10 mm
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Fig. 3. Firmness graph of Maturity stages
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(a) Firmness graph of green tomato
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(b) Firmness graph of breaker tomato
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(c) Firmness graph of Turning tomato
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Fig. 4. Firmness graph of Measurement position
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(d) Firmness graph of pink tomato
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(e) Firmness graph of light red tomato
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(f) Firmness graph of red tomato
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E 3. ErlEe B4
Table 3. Firmness properties of the tomato

Maturity Ist yield point Max yield point
1544 8.76 = 0.77 N 4346 + 298 N
Green 097 £ 0.3 mn 6.1 £ 0.4 mn
251 374 £ 1.00 N 2415 + 277 N
Breaker 0.98 + 0.2 mm 7.43 + 02 mn
3thA| 403 + 078 N 28.78 + 251 N
Turning 098 = 0.3 mm 791 £ 0.6 mn
4tHA| 3.53 + 0.84N 2385 + 3.56 N
Pimk 0.97 = 0.2 mm 637 + 0.7 mm
5t 498 + 1.06 N 26.10 + 3.92 N

Light red 097 = 0.4 mm 5.89 + 0.7 mm
65HA| 335 + 046 N 18.66 + 1.85 N
Red 0.99 = 0.2 mm 5.67 £ 0.8 mm
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