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Design of an intelligent soft gripper for on-line measurement of fruit size

JI Qin-jie'*, LU Wei"?, SONG Ai-guo’, WANG Peng'*, DING Yu'?, WANG Ling"’
(1. College of Engineering, Nanjing Agricultural University, Nanjing 210031, China; 2. Jiangsu Province Engineering Laboraiory of Modern Facility Agri-

culture Technology and Equipment, Nanjing 210031, China; 3.College of Instrumental Science and Engineering, Southeast University , Nanjing 210096,
China)

Abstract: For improving the shortcomings of the existed gripper without grasping force and fruit size detection in fruit
grading system, an intelligent soft gripper which could measure grasping force and fruit size on-line dynamically was developed.
Firstly, an intelligent flexible three-finger gripper based on the multi-cavity structure and single airway in each finger was devel-
oped. One finger was vertically installed on the palm through a cantilever beam force sensor to detect the tactile sense, one finger
was embedded with a flexible curvature sensor to detect the curvature of the finger, and the other finger was installed on the palm

directly. Moreover, the conditioning circuits of force sensor and bending sensor were developed and calibrated, respectively. Sec-

ondly, an in-situ measurement method of fruit size based on

Y75 B HA . 2019-08-26

R the fusion of the force sensor and curvature sensor was
ESWA: HEARPARETH (11604154) s TR HARFLFA

4T 30 H (BK20181315 ) ; T 954 4 L = 3 T 51 proposed. In addition, the fruit size measurement formula
(SZ120170036) ; Asia Hub 7 514l K2 — 5 BB 7 K based on finger curvature was derived and verified by the fi-
SEEATESET H (2017-AH-11) ; 3% M 1 8 5 BF % 3 5 nite element analysis experiment and fruit picking experiment.
H (B4l ) (YZ2018038) The simulation results of finite element showed that the fruit
TEHE BN AR (1998-) , 5B WG M ARBE, BFFE 7 18 M HLES A diameter detection error based on finger curvature was less
IR SRR . (E-mail) jiginjie_njaurobot@ 163.com than 5%. The grasping experiments on 3D-printed cylinders

BIAEE )7 4, (E-mail) njaurobot@ njau.edu.cn (15 mm, 25 mm, 35 mm, 45 mm) and different fruits(apri-
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cot, jujube, grape and longan, etc.) indicated that the finger curvature at the moment of the first mutation of force signal (the

fingers just touched the object) could be used to accurately measure the diameter of the object with an error of less than 5%. It’ s

feasible to quickly measure the fruit size online based on the fusion information of force sensor and bending sensor.
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Fig.1 Assembly drawing of soft gripper
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Fig.2 Conditioning circuit for curvature sensor
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Fig.5 Conditioning circuit for force sensor
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Fig.6 The relationship between the output voltage and load of

force sensor
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Fig.7 Schematic diagram of forward-leaning gripper
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‘3“5): Table 1 Simulation results of fruit diameter
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B (mm) 55 13.83 53.88 2.04
60 11.36 59.18 1.37
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Fig.8 The relationship between strain and stress of silicon rubber
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Fig.9 Simulation diagram of fruit diameter

KR EL£55 mm KR E£60 mm

2 SR
2.1 tREREHEEERNE
FHER R 15 mm .25 mm .35 mm . 45 mm [
3D FTERIBAE M 5E A e v A A 000 2 T2 T i
TERRERE . Dbyt A 25 i 32 A R o TR 3 i 3R
22 RS F ST, RO 0 ih , ek
D25 5 BRI AR LS (V) BEAT SIS s AT , P
S 0 A A R (V) i TR
a MAK(11) R,
a=k,(V,-V,)+a,
Kb o, AR,
WK 4 15 o, =15.79°  RIEAR(3) 8 k, =
13. 768,44 a 7 AAZ(10) Hrdfe T R B HTOK IR 1Y
©=84-126sin[ 13.768x(V, =V ) +15.79] (12)
o, TR AR Py=5 kPa, 1L 100 ms
S TRIE]RE 0. 5 kPa S KIS R ICRIT 4R I &
22025 AR RS R R L T (V) FISEAF 528 — K
G 2 25 i AR AR LR (V) L FIH AR (12)
PN BA S R ANER 2 R IR 22N T 5%
®2 ATHERHNERNELER

Table 2 Diameter measurement results based on bending sensor

(11)

HAE (mm)  Ve(V) Vu(V) @ (mm) % (%)
15 0.986 2.276 14.36 4.27
25 0.910 1.778 25.35 1.40
35 1.014 1.477 35.91 2.60
45 0.924 1.116 44.16 1.87
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Fig.10 Force and angle signals in fruit diameter measurement
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Table 3 Measurement results of fruit diameter

i Jei A

KR AR Voo

PE ) (o) W o) (v Y
35 mm [FE 35.00 35.00 35.00 0.574 0.832
¥ 37.87 37.01 38.05 0.617 0.768
REH 35.38 34.80 36.54 0.597 0.801
ANE S 31.07 29.07 31.41 0.623 1.007
A/ 27.44 27.01 27.13 0.591 1.169
TR 23.68 21.98 22.56 0.613 1.315
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Fig.11 Comparison of measured fruit diameter with the length

of short and long axes
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