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Development of a 2-DOF Robot System for Harvesting a

Lettuce
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SUMMARY

In Korea, researches for year-round leaf vegetables production system are in progress and the most of them
are focused on environment control. Automation technologies for harvesting, transporting and grading need to
be developed.

This study was conducted to develop harvesting process automation system profitable to a competitive
price.

1. Manipulator and end-effector are to be designed and fabricated, and fuzzy logic controller for controlling
these are to be composed.
2. The entire system constructed is to be evaluated through a performance test.

A robot system for harvesting a lettuce was developed. It was composed of a manipulator with
2-DOF(degrees of freedom), an end-effector, a lettuce feeding conveyor, an air blower, a machine vision
device, 6 photoelectric sensors and a fuzzy logic controlier.

A fuzzy logic control was applied to determine appropriate grip force on lettuce. Leaf area index and
height index were used as input parameters, and voltage was used as output parameter for the fuzzy logic
controller. Success rate of the lettuce harvesting system was 93.06%, and average harvesting time was about
S seconds per lettuce.
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Fig. 1 Schematic diagram of a robot sys-
tem for harvesting a lettuce.
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Fig. 2 Algorithm for harvesting a lettuce.

Table 1 Specifications of the AC servo motor

Model Rated Output

Rated Speed

Moment of Inertia Torque Constant

200 W

CSMG, Samsung

3,000 rpm

0.196X 107" kg m’ 39 kgf - em
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Table 2 Specifications of the air cylinder
Model Stroke Deflection/ Weight Pressure
MGG25, SMC 200 mm 0.7 mm/32 N 0.15MPa~ 10MPa
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Fig. 3 Manipuiator and end effector.
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Table 3 Linguistic fuzzy variables of “Leaf area index”
VN NA M Wi VW
Very Narrow NArrow MEdium Wlde Very Wide
Table 4 Linguistic fuzzy variables of “Height index”
VS SM MD TA VT
Very Small SMall MeDium TAll Very Tall
Table 5 Linguistic fuzzy variables of “Voltage”
\%8 LO LM MM | MH HI VH
Very Lo LOw between MediuM between High | Very High
ey Low Low & Medium | Mediom & High & Ty g




FZEUNATIA A25P Az 20009 2€

y

@ o
u — K, r—*@—v K +£ [(r —»@—» 1 l
I vos Js s
Fig. 6 Modeling of AC servo motor with the Pl controiler.
*1E 2Eo z2dydE a¥ 6o Jehii 19
olgatel 4 (DB 2L AL AL T4 ; L
-TLE}‘RiE}. 5~ : *#*
SN AT s SO
4 ' e The L T
0 KKK S + KKK LT A0 e T
— = K K Voltage 3 |.-"" .‘; ;3\}\5 N
“ JS' + KK S+ (KK: + K.KK)S + KKK: (grip force) R A S
2 E *;‘ ey \‘\:“\ E \\:L_ !
............................................................... (1) L - \’j%-‘j’“ \ﬁ:l : :
1) T LT
200 b Tnaieest T T e T
4714 K, : ARMAAS o~ //zo
K, : SxuldEA s Leaf area 50 - 10 15
K BEASF 07 Height
K. BT Fig. 7 Result of fuzzy logic control.
J o EE9 &4

A(1)g 7HA I matlabg ©]§3to] vl AT L A
‘i—?ﬂl*ﬁ ettt 9 vl ASE 500, £x Y
AATE 500, AEAFE 52 AFs3T

T
0x
olr

48 37}

o 4% BE JAA FhelA Aase o

149 G BN LUAA Age A3
S 4Rsel AvsAn. AAA el oF 4F

g7 299 HAR Aol HE 28 7o vhet

o
o

¢

Uit gEA T Folyt AASFE XYz A
Z ‘stable grasp = FAFBAE AFole &AL
FA 4tk AFE AF NEVE Qe F

g A"8g sgch 19 8o g AF FE7
9 g ZAdAg Jepguck. AFE 23, end-
effectorol] 98 & &Abo] 5% 7] Ao, 4

Table 6 Perfomance of the robotic lettuce

harvestor
. No. of Percentage
Result analysis lettuces %)
Successfully harvested 67 93.06
Harvested with little 5 6.94
damage
Sum 72 100.00
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[a] Feeding a lettuce

[c] Manipulator forward [d] Gripper & cutter on

[e] Gripper on & cutter off [fl Manipulator rotation

Fig. 8 Steps for the robotic lettuce harvesting.
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