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Design and Evaluation of a Cinch Bag Typed Robotic
Gripper for Fruit Harvesting
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Seongmo Choi', Myun Joong Hwang '

Abstract: In this paper, the cinch bag typed fruit harvesting gripper was proposed. This gripper is
focused on preventing problems that we found from the related research and setting the breakthrough
as a design condition according to the harvest failures of other related studies. The cover part is
designed to overcome the surrounding obstacles of target fruits such as tomato, Korean melon, and
sweet pepper. The measurement of maximum load showed that the well-grasped target object, such as
a spherical object with 65 mm of diameter, is unable to slip in a range of 0 kg to 10 kg. The fact that
the gripper allows from 4 cm to 6 cm of positional error was shown in the measurement of positional
error tolerance. And the cover part of this gripper showed that the suggested gripper can grab a target
object without being obstructed by leaves and stems. Finally, it was proved that the gripper satisfied
the design conditions through the measurement of contacting force, which showed it is appropriate for

grasping an actual fruit without damage.
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[Table 1] Causes of harvest failure

No. Cause Category
I The grasping posture was inaccurate.
I The wrong object or part was detected.
1 An error occurred during the Relate.d. to the
manipulating process. recognition and
path planning

The end effector was misplaced due to a
v positional error between fruits and the
end effector.

Movement of the finger or end effector was
obstructed by the surrounding object.

VI |Grasping failure occurred due to the slippery. Related to the

Grasping failure occurred due to the | performance of

Vit irregular shape of fruits. end effector
VIII A failure occurred during carrying.

IX The fruit was damaged.

X A failure occurred while detaching the | Related to the

fruit from the stem. cutting methods
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[Fig. 1] 3D modeling of the fruit harvesting gripper
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[Fig. 2] 3D modelling of the cover part

(b)
[Fig. 3] (a) 3D modelling of the cover part, (b) Compositions of
the body part
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[Fig. 4] (a) 3D modelling of the moving part!'?, (b) Closed finger
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[Fig. 5] (a) Work range of the moving finger, (b) Opening range
of the cinch bag typed gripper
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[Fig. 6] (a) 3D printed prototype, (b) When the gripper is opened,
(c) When the gripper is closed
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(@) (b)
[Fig. 9] (a) Measuring maximum load with cylindrical object
(target object 1), (b) Measuring maximum load with spherical
object (target object 2)
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[Table 2] Target objects in the contacting force measurement

Sweet | Sweet

Tomato 1| Tomato 2| Tomato 3
pepper 1 | pepper 2

Specimen

Diameter [mm]| 73.5-83 | 70.8-73 | 64-71.5 | 74.5-83 | 66-71.5

Weight [g] 222 179 155 153 72
Height [mm)] |Value is similar to its diameter| 72.5 81
. Maturity | Maturity | Maturity
Specifications Lv. 4 Lv. 4 Lv. 4 Red | Yellow
Yield strength 274.3 gf- 445.6 gf null null
Overall 712 gf- | 723 gf-
1 11 11
stength | “u 1369 of | 1236 of
Maximum 2385:3.56 N null | null
yield point
Finger #1 Finger #2 Finﬁﬂ
»
Finger.#4 Finger #5 Finger #6

. > 1)
j ‘ &
=

[Fig. 11] Contacting force monitoring board
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[Table 3] Result of the positional error tolerance measurement

Distance from | Grasping target object 1 | Grasping target object 2
center (Success/ Failure) (Success/ Failure)
0cm Success Success
1 cm Success Success
2cm Success Success
3cm Success Success
4cm Success Success
5cm Failure Success
6 cm Failure Success
7 cm Failure Failure
8 cm Failure Failure
[Table 4] Result of the maximum load measurement
Target object 1 Target object 1
Slipped at 0.685 kef nowhere
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[Table 5] Result of the obstacle overcoming performance test

Grasping an artificial Grasping an artificial
Trial # tomato Korean melon
(Success/ Failure) (Success/ Failure)
1 Success Success
2 Success Success
3 Success Success
4 Success Success
5 Success Success
6 Success Success
7 Success Success
8 Success Success
9 Success Success
10 Success Success
Success rate 100% 100%

[Fig. 12] (a) Grasping an artificial tomato in the ivy plant with a
gripper, (b) Grasping an artificial Korean melon in the ivy plant
with a gripper
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[Table 6] Result of the maximum load measurement il [ [ P
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[Fig. 14] (a) Uncontacted area 1, (b) Uncontacted area 2, (c)
Unstimulated sensing area
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