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A Review of End-effector for Fruit and Vegetable
Harvesting Robot
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Abstract: Fruit and vegetable harvesting robots have been widely studied and developed in recent
years to reduce the cost of harvesting tasks such as labor and time. However, harvesting robots have
many challenges due to the difficulty and uncertainty of task. In this paper, we characterize the crop
environment related to the harvesting robot and analyzes state-of-the-art of the harvesting robot
especially, in the viewpoint of robotic end-effector. The end-effector, an one of most important
element of the harvesting robot, was classified into gripper and harvesting module, which were
reviewed in more detail. Performance measures for the evaluation of harvesting robot such as test,
detachment success, harvest success, and cycle time were also introduced. Furthermore, we discuss the
current limitations of the harvesting robot and challenges and directions for future research.
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[Table 1] Research on harvesting robot end-effector according to production environment

Production Crop Performance indicators Reference
environment name Test Detachment Success [%] | Harvest Success [%o] Cycle time [1EA/s]
Apple Lab/Field - --/84.6 --/7.6 [6]
Orchard Lab/Field — 86/77 14.3/-- [7]
Citrus Lab/Field 98 89/74 - [8]
Kiwi Lab - 90 4 [9]
Field - - - [10]
Field [11]
Tomato Field 83 8 [12]
Field 55 50 15 [13]
Field - 79.2-79.7 - [14]
Field — 54.9 - [15]
Strawberry Lab — — 7 [16]
Horticulture Field 59 53.6 10.6 [17]
Eggplant Lab - 97 - [18]
Lab e - — [19]
Sweet Pepper Field 14/76/80/70 14/64/62/56 94 [20]
Field - 42-58 - [5]
Cucumber Field - 80 45 [21]
Field 68 57 [22]
Mushroom - rield 84 70/75.9 23]
Open Watermelon Field -—-- 86.7 14 [24]
Field Asparagus Field - 90 2 [25]

L

[Fig. 1] Production environments according to crops: (A) apple in orchard'®, (B) sweet pepper in horticulture!, (C) mushroom in

horticulture™, and (D) watermelon in open field™
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[Fig. 2] Research and development in harvesting of fruit and vegetable end-effector with different manipulator and gripper design for:

(A) apple', (B) citrus™, (C) strawberry™, (D) cucumber",

(E) sweet pepper?”, (F) tomato!'"!, (G) mushroom®
pepp!

[25]

, (H) asparagus



94 23513 =84 A5 A23 (2020, 6)

B S Yero R 1E)s ST BRHE B M
A58 F7beke Alolck, iAol vhe Jaa 1E 2

HYE7] A9 11]01 )
Aol A Zo =T, S| vt o] 17w Hgk AHE-S AA
Fhe irlolu g A8kt 92 E 8qtsh wdo] k.
[Fig. 317} -2 73 2 9] 52 F(suction cup)= 223+
= 3 279 T (cluster) S o] F 1 zlgl= 2}
Fslel o) galdlo]a 9o F HAl B Th= A3kl 9%
Q2 oFA] et shAI N ek Sk o= Qlsl|A] 2he
| 7Fld = QAL aA| F=A4 90 A2 FYshI
nom, FAIZE 927} S s Tl o] EA g
o] &7] dl=o]HEM= mpx] Al A7
3171 Y18l 715 98t el o=
A=
J—l

| &
1m
H
R
_H;

4
S

2 2 qgn g B>
g o
O:

= &
@ o
T

e

i

32 o
o

o 2
_1>“ 2

_0|L

st HIEX’ 3 2717 el

fo v
o
R
?
HU

24
do o

o o

o
kY

S o

A
>,
A=
B
10
By
n.t{o
5 o
7y
B
,o\
=
o
J&
L
L
=
s
X
fru
o

o,
=y

] 7104’5?] 2okth

[Flg- 2]4 E”}E deo ]le 1[“]“ A LTS F25)o]
I o] S Ak, F& S AREste] 3hA] o
O 2 Zoll $- P AR 24} IR & Gl g S
ShHsto] 94| A EAY 7k FH A ] SES WAL
o, 3 7S vA] HEFTo g Fol ey A A
AIFTE 52 7] o) 273 Al o] 7], F-Ale w2
S AHS 8l HA o F& A S AAste] I
g B o] &4 HAaslsit

Hl

u:]oiv OIF
i o o
Olr ox, o i
1B o op ¥

42 58N =

ol o ARy = A
o} thdsHA| AR AL Q=] A
A ARSI S A 02 e glnk |
Bk &= WA wjuE o B & Bl EA, <
3| A= R o ZL%% =7 |(peduncle) ZF-E] £z
2oltt. EntE 58 dl=o]HE & sl [Fig. 4]9)

o Fum

XA
i
=2

[o
i
rr
l

v

%P
L

)
o Y
i
o
B2oZ i 2 ok &

l

=

g
o,

ol
ﬂF

i
S

Magnets connecting suction
cup to oscillating blade

Cu stum

[ harvesting tool ‘

Plucking
Hand

1.Open / Close

(b)
[Fig. 4] (a) tomato harvesting robot system (left), image of
rotational plucking mechanism (right), (b) harvesting in
horticulture™”!
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[Fig. 5] Thermal cutting system, (a) electric arc thermal cutting
system, (b) temperature thermal cutting system!'!



(b)
[Fig. 6] (a) Fin-Ray type end-effector, (b) Fin Ray type end-
effector fruit detachment sequence’™"

[Fig. 7] (a) Lip-type end-effector front view, (b) the flexible tube
attached to the end-effector for guiding the fruit to the storage

container, and (c) Lip-type end-effector fruit detachment sequence!™"
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[Table 2] Summary of end-effector characteristics of harvesting robot for fruit and vegetable

Crop Grasping Cutting system Reference
Suction cup Oscillation cutting blade [5]
Two parallel gripper Thermal cutting device [19]
Sweet pepper Fin-Ray gripper Scissors [31]
Suction cup Lip-type knife [31]
Not grasping Vibrating knife [4]
Tendon-driven gripper Rotate mechanism [6]
Apple A spoon-shaped gripper Electric cutter [7]
Soft gripper Pulling & rotation [28]
4 finger & suction device -- [11]
Tomato - - - - A - .
Rotational plucking gripper Plucking to infinite rotational joint [30]
Kiwi Bionic finger - 9]
Citrus -- Modified snakehead, bite mechanism [8]
Strawberry Cable-driven gripper Curved blade [17,33]
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[Fig. 8] (a) strawberry harvesting end-effector design, (b)
harvesting sequence of active obstacle separation: front
obstacle, side obstacle (green berries), and bottom obstacle™”!
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