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Design and Experiment of Active Gripper for Spherical Fruit Grasping
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Abstract. In order to solve the problem of fast and stable spherical fruit grasping, a novel active three-
finger gripper was proposed. A spherical active roller was installed at the end of the finger mechanism.
A flexible silicone membrane was attached to the active roller to increase the compliance and friction of
the gripper. Each finger mechanism had two degrees of freedom, which can realize the opening and
closing of the finger and the rotation of the active roller. The three fingers cooperated with each other
during work, and the spherical fruit can be translated toward the gripper under the friction. The spherical
fruit can be grasped quickly and stably by only touching it, without the need to precisely control the
position and posture of the gripper. In order to illustrate the interactive relationship between the designed
active gripper and the spherical fruit, an interaction model between them was derived. Finally, in order
to verify the effectiveness of the gripper, tomatoes, apples and oranges were selected as typical spherical
grasping objects, and a grasping experiment based on three types of grippers (the active gripper, the fin-
ray soft gripper and the parallel rigid gripper) was conducted. The experimental results showed that the
active gripper had an average first-time grasping success rate of 96. 7% , an average grasping intact rate of
98.3% , and an average task time of 5.9 s, achieving relatively good performance in terms of grasping
success rate, grasping quality and grasping efficiency.

Key words: agricultural robot; spherical fruit grasping; active roller; active gripper; compliance

WA H 9. 2024 -02 -18 &l H ). 2024 —04 - 28

ESTE : 1L 1 AREIE S 7742 4 00 (BK20210408 ) o o 5 e 3 A BT AL % # 7 b ) 135 59 F (KYCYXT2022020) FIVL 3547
& RIS H (BE2021016 —-5)

TEHZ /A B (1989—) , 5 PRI, 1 B M FE A B B ML a8 N AR B 5T, E-mail ; ghuanhuan1001 @ njau. edu. cn

BISEE: MOLB(1967—) , B fI 8z, ZEMNFAR AL N5 H 840245, E-mail: gmchen@ njau. edu. cn



68 £~k

1R S ¢

2024 4

0 3]

BLAR T T (SRR AR 3 AT 2% ) 2 A lk L2 N 19
SERRTRE , TS bR S S0 14 B i, oM B BB
W S SE R A (AR R ) AR B R
LRI, & 6F 7K SR PICIBCR) AL, [ 1 A0 BF 5 A B3R AH 56
PURIT R TR RERT 5. MR TR 52 %2 B %
2, TR BT LA g - e 45 0 3 750 0 0 fff 75
FoR

M, e T TUE 3 AT 2 R 3 T 45 X B AR
RS A ST P O 92 3K SRR E BV, TR R
W) 4750 25 W 22 o 5 07T o 4 B 4D Y
AR ILET R IR B LB T T 5 (e 2 45 B X B AR
BRI ) B4R 8 T 2 TR 41 T4 10 TR
72 AU B R IR Bl XA DY A A TR TR,
Festo 23w BETF T TMUHRSE S 109 XUH5 F-A7 R
YAGUCHI 2" 53+ 7 F1 T % i e 3 1 75 15 T 1,
U R S A S 4 g T 47 i e R 2 T TR T AR
SR 1% T TP 30 K 22 A5 Ak 55 4, 5 3R B3 A 2
PER R . 53R SR SR B F B A
LA TR A1 g T TCE i e 3
B AL, 24 0K B B TGS Shi, TR 5 B bR #
S % T 78 Wi P . 25, i 26 of SR 52 38 Sy T 3t AL/ )
P AR TR 5 S ] i 0 F 45 6 — ik T 4
T o 038 5 T TCRR ML 75 S 091 4 « TR 450 482 1 1
ST ) 35 8 T T A AR PRAT R 22 I A B T TG )
A I TR S R S A = R T
T8 AR B 10 6 2 B Be SR TG BT
iy e (1) e g gy LA 1 099 K B R T TG 2
i U i S T I A AT 0 TR DO I A A
T 5 P48 261 2 1) ' [T f — 1 R 8 A4 TG
PARK %1 5031 1046 & 22 v/ R # R 10 =45 2 &
TN HOHIMER %17 28 T3 3 JAT 28 3% 19 = 45
FeVE TN SHEA 451 &1 %0 5 450 535 48 1 1 56 T
PR B WA ZE 4 TR, 3 TR B A 2 fiE
BRI RE A LA E AT TERR B A A
PR 738 8 A, 7 76 T4 % I8 L s
X BICHBCIR 245 10 552 A R o 05 B 780 2 T i i 7 T
RS T 2 ) S ok [ E AR S R Y,
M A i 0 T 1) 7 50 R 92 35 T 1 2 23 W BfE R T BAC
2 OV 0 B2 0 3 95 B FIABUITUIR AR 3 AT 28 LA
Je SILWAL 22 1 i) 362 5% 903+ 10 oK st AU AT 2
i 0 S W R T T i TR A L % R 250 T TR
JE e, X S ST SRR {H TR R
70T 42 ) 7E — AN 385 B B P, DA B X SR 4 5 1 AR
Sersp o YA, SRS T R A A I 4 P 2%

il

23 5% ) - TATUBOR Ty %

SRR U, e 4 7 T TCOR A0 28 80 T TCRT 2R B
Fa 4 T JTCAE 5 R4 285 MG ) BT B SR 522 0 3 vy A% B 30
DX 35k, BIR A T AR R I X L2 A F2 il 28 4 s 7 o
o R ORI R 7R T TG B T A K 44 e R S PTUBRUIT 75
B[] (R 5 R S0 28 B ) 32 22 AR L 52 3% 1 K
AR, ALV LT T B e B
0 T BT — T ) BRIE R S AR B A B
K= FIHES T IN-BR R s B, DL
SRS Ay SR ER I AL X 4, FF SR INBGR 58, LSS
WEPT T A 850t
1 EHKXFET
1.1 FIRHH &

DL S SRR -y BB BROE AR 42, i
3 BRI EHAR R 40 ~ 120 mm , LR T iy 80 ~
400 "7 g3 T ONAE B3 B o 7 S8 4 % &
PO G2 FUAR 1 2 FTUBC T ) 5 B

Wt i) £ g X F RS 1 iR, FIR
=R S5 B B HR LR LA R R AR A . IS
JER 2 )25, 2 S AR B BR AT AR A %
T2EA 5 HURE A ) 2 e FLA, v e Xk
TN Sl g o FEHR SRR TIN5, FEh
FL RSB | U L DL B Bl R B | H ST A s e D) ST
Ab PR ES AR e ( ATmega2560 , Microchip ) 45 ¥ 43 2H il o
T E 3 DR, B AL A 2 M H
RS, B REIAT & PRAT 8% 15 4518 EAT R E B R
B M. B BE AT B (XM430 — W350 - R A,
DYNAMIXEL ) — 3 [& & T % i , — i 38 3o 3% 5 F 5
HEAFARE AR BE S T ALA & F B B . 3R R O
LA BROR F SR e, WA N A TR R P
(GA12 — N20 %, ASLONG ) , % fiil Bk 5 J5 7] 3= 3 i

FEABE

6

B FINHURZE
Fig. 1  Mechanical structure of gripper
LOBRR 20 0PERE 3. 4 iR 5 EAT 6. AT
M TR AT R



%73

ZECR A : T ERARIUR B9 F 3 =48 TN 558 69

e BRAERR TR e Bk BE 38 i 3K 2 A AR AT
L HPATIR E 0F FEAT DL S E Sh iR S 1) H ek 2R
Tt s 3, i 2 3 3 VR e e i (4R AL EE A ) fm)
SEELER I AT R R I, 2 Mk R fh AR ECRE B R 15
F8 ke JSE ARSI 8, G 3 AN A1 43 ) 11 T 4 SR LA i
FE L, T AEBR L 58 42 F A T JTCH i) R A 12 43 57 %
GIEST S

BOR 3 sh R s 1 a1 2 TR, H Rl i
R E R L R ALAN ST AL 1 Bk oT BR IR L
B A58 43 24 B B U P WL e R G e A o B
38 3 A R [ AR R oT NER o ML o 0 2
T B AL L e AER ST A Y T ) A% i
B HIAE . BRST AN Fh Bk A S, BRI AR R AR
[CRE B 15 f) fef g 80 A5 T 15, FH 1 184 o 7 JTC S I 44
ST TE R SRR S HE I, AL BL AN A A
7R PN P 5 E AL A 5 A X L, LA B Bk
7o BRI DL K b R A1 Bl 5 e AL [ 2B e A

B2 FEshERIBIER
Fig.2 Exploded view of active roller

LR 2 MUBLEREPE 3. ERE 4. BR5E S.mBLAMSE
6. 0¥ L
1.2 FNIEEREE

e e WA/ AR T ) — 038 28 ) 35 11 508 3 14
O O H AR BRI 37 20 00, 7E 5 BROR A B B P ik
ARG A5 N A5 ] 2 0 0 L4 kG BE o DARIAR -1
PHCER I g ), 42 il % 7 20K it 5 ol W A 7 TN
DI AT WA e R RS0 A & T . BT it E TR
PEFATE T J0 75 48 0 2 1) T 07 8 R0 22 38, a] 7R AL 4%
fih SR 52 AT S A7 T S0 B0 KR P R IR, R
PG TR KRBT 43y < 2 Ml By B 328 36 B B D S 2 o8
Free(1#3) .

B, TSRS, E iR fe 5% 3, LU i3 30 L
il I ok B bk AL, 2 fl 5 B8 482 0 % 3R 1) TR
MRz % (& 3a) s Hk L BEE Bk Rz %, TINIF & M
JEHE— PR AR im R R R R N A B R K, Z R

(a) TEfRBIBE

CESEiES

(b) IZIEH B
B3 T RATUBORR R i e
Fig.3 Grasping process of gripper
AN, B R BB 5E A is R E T (18] 3b)
I Ja  TEBROR B 58 s ik i TIN5, Eahig e 1k
Lo IR LR ENALINERESS W STRIVE S 1T 7 b
fe—E X RS AR (K 3e) o LR BB TR
A 1 T ICRE S 42 1] 285 5 0, 2 BE AT 4% S5 B I
(T R VA ALY | S T < S =9 P S NG S <1
TN SE B Bl B it N A s 3, 181 3¢ th NG
PRI IR G P B0 o 86 o TS SR
GBS G RAF A G
1.3 FN-RELZEHRR
SRR Y IR TOBR S T T TUR RE PR AT 4 AL U
HALEC & 5 TINIE & A 3l IR 48 B 452 R A LA K 4k
Fras NS K. TR T ECR R Z
BT, JE AT T AR 48 X BRI 1 . 7E U5 18
T 45 X0 BRAAE TR 42 T, 98 X 2R 98t
2 ATy FEERE R BRIy F, FPIE A] R
3 SO 4) o XA T3] 0E 34 3z 1 5 1) F SR 3 7
mar Sk F f0F LR f, F1 S, B SR e A
BROREAR B R R, AR, W) AR T 95 o K R 19 4
MR RN RIBE T F, MR I1 F.o F, iR TEIE
RO s g, F, il BRI R e 0r m % 8, A
W
{F, =f,—F, =fsind - F cosd ()
F . =f +F, =fcosd +F sind
X 6—F, 5 F, Bk

nrd s

— T 1)
— Bk
B4 TR T80 B A
Fig.4 Effect of single gripper finger on spherical fruit
HAF, >0 BORA 2 FRT7 12 30, B3
MMIBIRG T1 . 2 RINIB IR TF I, Jovk SE Bk
RMR I, ¥ F, =0 B FINGKSA A y, , 18 F G H
fi, FUA 4TI A K T %8 R, A A nT e 58 BBk




70 &l #Hl

Moo= 2024 4

AN IUEC W 5y, KT SIA

(R, +R,)sind =L sin
o ! (2)
f=wF,
K y——TF Ik A
L— A
TR 5 BR R ] JEE 452 TR
HRar s (1) A (2) i Ay, WIRR A
R, + R,
Yo = aresin — ——— (3)
L./1+uw,

TEFR S22 P EPIRES T B i =2 1 ol an el 5
Jios  F, 0 f, B4 iy AR 1, F, 9 34T X R
WP, FL O RERAT A% T3 A8 M 3l i i AT AR
TERE LW, F, 5ENEE, HWE M, =F L,
KX 4 ATz 3£ 75 [0 R J7 11 3 M, ml A

{F"CCOSS + F cosy =f,sind + F_siny (4)

F,.sind + f,cosd = F siny + F _cosy

5 EhEEH 5T HrRE
Fig.5 Static equilibrium state of active roller
FrE— MO, BT INTAE R o, HX n MR
TR AT AR NS R b T4 1) 3R e 0 A B
W, B G T Fp=0, X E LA Fr A
PR TFARIZIE N F, 09 n £ F, = nF, o BT VA
N B MR F, 5K ek (K 6), A
T B 552 BB ER AT, 20036 12
F,sinB=6G
C—BRRE S

K6 0, F1 O 5355 g BRAR R b A0S 1AL

(5)
A

K6 T EkA /e
Fig. 6 Effect of gripper on spherical fruit

TR E R BEPAT &7 J19E M, FIsKA y DLRF
AT RS H (L, (R, AU R, ) I F, (F, A1 F, 7]
BRHA

F
o sinycosé — u,sinysind + cosysind + u,cosycosd
(p,sind — cosd) F_
' sinycosd — u,sinysind + cosysind + u,cosycosd

F

(u,co88 +sind) F|

- sinycosd — u,sinysind + cosysind + u,cosycosd

(6)
L

a

H
o R, +R,

ALK SRR B R SFan [ 7 fp o, 38k 5 RS Rk )
T A RS, B, 5 A S T8 s do
P, 5 B N ENR SRR A, 5 C WERE
b, 8D R FINRE G, A E TIN5 &4
VI o WE =R n 53]

(Lyy +Ly)? =L, + 12,

S = arcsin ( siny

Lep + L3y =Ly

(Lip +Lgp) Lep = (L + Ly ) Ley
o Ly, =R, % 58 5 BOW T LA S T
T, Ly 30 mm Ly = R, 25 S8 E i RAMHGR R R
F 120 mm, L, 60 mm; Ly, = Ly, 4 60 mm,
PLESEARAR () AT AR S 8GR AT K L, =
Ly + Ly, 2975 120 mm,

(7)

7 TRk S
Fig.7 Spherical fruit range of gripper

1.4 FTUFESH

3 sk Xk TCE fim 28 B2 7 25 Wmh AL T Bk
AL RS SIS SR 5 UE T OO KR B A
it £33 X F NG T 05 BEAE ADAMS F 5 I
J&, FEAGF BRSO # 7 ff LB $e BT TS
PR B AR, R FHER AR AL A BLAR BR L, o
H 150 g, @ F)JNEMFE 16 Z iz SRk, B
BERL VR N 29 3 BK 3 FERh | = SR e g R ) i R
BERECR N 0. 55, S EEE Bl 0.3, EahiR e i%
BB A 120 v/ min, B HEAT 4% T4 K 800 mN-m,
QRS B, B HE R (K 8)

D5 B e s 1 T TR R i 72 (& 8a) , T
JTHE fi 2RO 5 BSORTE RS IR 8 8 BT, 2
AR AT NN, A5 B (& 8b) ,



%7

ZECR A : T ERARIUR B9 F 3 =48 TN 558 71

Bk

(a) {7 FLALEY

1
)

FE/(mm + s

0.6 0.8
i [E /s
(b) 1l EE5 R

8 ADAMS FJREl J1 % K
Fig.8 ADAMS dynamic simulation of gripper

FIRAMEER R AERS A H] 1 s, BRER A FE 2920 70 mm,
I R BE29 0 730 mm/s, HF 5 B F v 8 )
YEHT, 7EBR R ¢ 2 30F A T IS 088 31 BR SR 07 A% i ik
T R AR AR FETF RN

TR BE AT 2% L ELI R WL LA B AR e 22 40,
RFR 5y F 53 2k 3D T BB i T B, A4 RE S A4 I .
FIRSEILFR 1, LY AN 9 Fs o

&1 F3H
Tab.1 Gripper specifications
BT A K JE/mm 120
PMBOR A HAR/mm 20 ~ 120
FINFi /g 800
FIJRR S/ (mm x mm x mm) 124 x 138 x210

Ko TN
Fig.9  Gripper prototype

2 FINF =S 5 UG I

2.1 FIRI=HIEE& T
FTCRE {4 3% #2585 44 PCB 4n[&l 10a,10b fiiR,

F, IR AR B 2 A A A L S R L LK B AR B
RSA485 Hi V- e A5 e LA K L Ik L AL R 8 PHA T 4 1L
B, TR RO A% ) 5 DL = 1] 109 38 TR 88 o
Heoe i, it i o A th A 48 4, 2 LK 2 A B 3K
3 3 A B # LS 3 LA S RS485 Hi - % i 45 e 4%
il 3 AR AT RIS 3 .

() EHIHER
B0 TR RS
Fig. 10 Control system of gripper

TG4 I HE B a1 10e FizR . 78 1% 22 i fs
il 25 v, SR A PID 42 i 25 X5 10 3t Pl WLk B R AT 45
DI = 20 0 ) Ak 80 0 2R 3 07 (j=1,2,3) , 8¢
I B0 VA K T P R PR BIL 4 D Ak, 0 S i
FHAE S, 0, U A S, 0, S B AE B R
e, WIRZEF AT T TN B X R R E R,
2 S8BT BB S R R, HARARERR 14, >R T BEL T
BRI TR - SRS 22 By AT 4, 3¢ 511t 5
XN
F=kx+bx (8)
Xrp o— TR E x HPEAE
E——MIBEE ,N/m
b—IFH e &%, N-s/m




72 &l #Hl

Moo= 2024 4

TR B W AS S nl i R BE AT A% APT 4%
RENL Pidi;
2.2 4MELRA

VA BT BT 3 2l 2T IR A &L 28 R 2
Al SR DL RS 4% 60 A 5 L O 3 A (45
LA R DL OB T 45 20 ), JF R TG 5
BCE 2 AR IR AL (AT WITOREE AR BOTC) BE47 X L,
WA 11 R o KB ERCR BAR O 60 ~ 90 mm (5 B
Fr WA A7 72 26 mm) |, BT dE Sy 130 ~300 g,

EghAFN KR L79] 1N

B BRER UGS  55% (LA i 1))

Experimental setup (taking tomato as example)

Fig. 11

P ALE (Z1 £, Unitree) [ € T K F&H |,
H R w4 ) 22 25 Wl I (PGE — 50 %, DH Robotics) .
BRI R fr B £ 3h 0T, il 5 TF ar i, Bl
R E s sh B BOE AR AL A (1L o A) 5 H
U HUMVE iz sh B BECR B0 (K 1L rhgd B) , FIIUS
Bl IF XS BRR AT Z 05, LA 1) |z 3l i e iR
25 A IRR 2l 89 T 5 T S, T OIC8K I R ik Bk
SIS B8z ) B e W6 AL AE S EAT TR
WA AT A v, 2 BRCR 2 8 O s i HL oK
RV Z UCHTIBCR ), 10 1 25 BROR R B
TF 5% 8 Bk AR g IZ AT 2 W, 122 0, 4
YRR DR, ML R T IO S22 AR AT FR U, B
F A5 W — AR 1k o A B U 2 S5 W4
SRR THT R A A RBARY AN AT 3R AR m B R MR
BATMbRIC e (Efic b 1, /R Zic b 0) . ik
b, 0 SR B R AL A2 b LB N 35 ) i 7 )
PR IA] 2% A B AR TR BT A 3 Fh UL
VERER A AR, 78 1E 250 46 57 A7 0, LA
i AR T TR T S8 e IR Eh SR 4 %
Z A AT, Br e it 32 gl 20T 2 W4 ] % bk
N 220 N/m, b N 150 N - s/m, 5 i H L 5 3 N
80 r/min; BB S i 2 il A =, H T 45 12 3h 3
D =3 mm Qb5 0k, D R SR AE S WIS & SR,
P R 10 N, IR 25 o 5, 15 3 Fh N E P
KPR A8 -1 T4 3 L) S 9 4F: 55 i 1), %
i 2 =y R R 1| SO0 4l TP o = N S 7 e
5o

WE 12 s, B it £ 3 2T R CBOTEL K& R
JUE YA BB ) 2 53351 K 96. 7% \73.3% L) K
100% o T 1 AU By 28 4 38 3 Shapiro — Wilk
IEASPERE S, Pl Friedman £ 56 33877 48 11 2% 4
Bro Fegesas LR, 3 3TN E WAL 2 3 Z 6]
)2 5 A S5 L ()* (2) =19.000,p <0.001,
a=0.05), #—Hh, 25 Bonferroni £ 1E J5 , B X}
FE A3 A 4 A s, MIDTCE IR R Py 28 & 3 i T
BOR(p =0.034) 717 3= 2 20T JICH MR AT
TR B EEZESR

p=0.034

IR
FINFEH

B 12 SR R 4
Fig. 12 Results of success rate

WK 13a firoR, E30 TR BORNHRITE T8
P%H 98.3% 100% \71.7% . T 1t 3 TG4,
SRR i@ 3 Shapiro — Wilk 1F 75 ¥4 4 %, 6] #F {8
Friedman £ 35 #4758 17 40 Hr o K3 45 SRR 0], 78
F2 8 20T HOTCRI R 24 T8 458 58 22 (8] £7 AE 1 %
PR (' (2) =21.412,p <0.001,,a =0.05) , H %
Bonferroni % 1E & B X Eb #8840 Ar 45 SR W, 3 =0
TN O ER TE 4 258 5 MITCHI R TE 4 % 22 (8] 77
EREE R L, 28 X F ORI it % B
FETHN(p =0.034) , FOTHURCTE #1 F W 8 3%

p=0.034

p=0.022

sk
(b) ML

P13 PRUBCTC 0 2 45 2 0 gt 0 45 £

Results of intact rate and typical damage image

1547 42

Fig. 13



%73

ZECR A : T ERARIUR B9 F 3 =48 TN 558 73

H TN (p =0.022) o H T % AR SE R F 8 R
Be# S Ma 55, Tt AE 3 AR R i By kR L
A5 AR ] 13D IR o 35 T 3 B i
A 22 R IVH) Jo ik 3 N BT A 7R b & A
ity 2R A

32 8 2T TR RITAT: 55 °F 25 B 75 B 1]
5.9.6.8.6.2 s (& 14), B[] %k 4% 3@ 5F Shapiro —
Wilk (EZASPER 3 (F 3 TFIR:p =0.896; 5K :p =
0.740; [ JN: p = 0.462) DI R ER T B I (p =
0.722) , {7 2250 M da 7R 3 3 F VAR 55 B 1) L
giiter i Lo gRERY], F3h TR HONF R
Gupi 2z AR EEZER (F=137.013,p <
0.001,a =0.05), % Bonferroni £ IF 5 W 4T 1t 48 43
Brah R 7R 3 3K T VA 55 i [) 7 7 22 ) 3 AT I

p<0.001

p<0.001

T
14 AT 55 I} 6] &5
Fig. 14  Results of task time

Fk2E S, B 3 B 20T T 55 1 ) 8 35 % T 301
(p <0.001), HNAE 55 i} 8] 2 3% % TR (p <
0.001) , MITAE 55 i 8] .25 5 T F3h 0 FIN (p =
0.002),

455 B UCHIVBUS By 8 TG40 5 DL ATV ] 52
e o A A5 2R A AR SCPIr 8 14 32 3l 30 TR I
BT A AU 2 DL R ATUCCR 3 07 T 3 A B4
FH,

3 &RiE

T —MES XTI TR TIOh 3 45
LK, R AR TRHILA LA R S P I A B O A .
PRI — gy i 2o BE PRAT A 5 R R AT G, — i 2L e
A R, TAER, TIONKIT, EaR g5 g, B
BV BOR 1) T INT7 [0 32 35 5 76 BROR Bl 58 4z 1k it
FING , BSR4 15 3, PR B L L3S 703
IO 2RSSR T, IF MR 48 — X RS ST AR, I
i i it 32 8 30T TR A R0, I & 1 T 1) i Y 2R
RIPUAE o I 25 R R, 3 TN (% £ 30T
JICVEOTCR B WITC) HTCHRC T b 7 5 3 8 DL R 5
£ 20 A, I 0 SRAMBURE 3 TG0 5 DL R AT 55 16 1]
PUHEE SR B G2 o0 A 2 W AR AT BOTRRFII, By
e 1 32 3 3T TR JUBOUSR Z R IO 2t L AT
WO 3 5 T KA B R B

& % x

[1] ZHOU H, WANG X, AU W, et al. Intelligent robots for fruit harvesting: recent developments and future challenges[J].

Precision Agriculture,2022, 23(5): 1856 - 1907.

[2] ki, #EE, 2K, & UL NTEBE AR S0 I BR LR @S M [T]. hERILEHR, 2020,41(3) .

93 -98,120.

WANG Feitao, FAN Chunchun, LI Zhaodong, et al. Application status and development trend of robots in the field of facility
agriculture[ J]. Journal of Chinese Agricultural Mechanization,2020, 41(3): 93 —98, 120. (in Chinese)

[3] wH6, XA, Him, F FURPUTINFERERA P rg i AIRF STt R [J]. 4l TR 4R, 2018, 34(9): 11 -20.
PENG Yan, LIU Yonggan, YANG Yang, et al. Research progress on application of soft robotic gripper in fruit and vegetable
picking[ J]. Transactions of the CSAE, 2018, 34(9): 11 —=20. (in Chinese)

(4] Fmuke, =540, 2E%E. ZaAF Nt L AT]. #8505, 2023(12) : 717.

WEI Lihua, YUAN Yanhong, LI Zhengjun. Design and application of composite gripper[ J].

(12): 717. (in Chinese)

Modeling and Simulation, 2023

(5] i, RJEYt. SEEERAG KWK S AR T IRBT S H 4= HI LT SR TR %24k, 2014, 50(19) - 1 -8.

JIN Bo, LIN Longxian. Design and force control of an underactuated robotic hand for fruit and vegetable picking[ J]. Journal of

Mechanical Engineering, 2014, 50(19) : 1 —8. (in Chinese)

[6] P, SKAESE, MEBITHE, . BRBHCR ML A A m AT S 20T S [ J]. R P-4, 2015, 46(3) . 1 -8,
FU Longsheng, ZHANG Fanian, YOSHINORI Gejima, et al. Development and experiment of end-effector for kiwifruit

harvesting robot[ J]. Transactions of the Chinese Society for Agricultural Machinery, 2015, 46(3) : 1 —=8. (in Chinese)

(7] F&%, B, i, S5 SRS X 3R 3 XUE T A R B it Sl (1], Rl HLseA i, 2017, 48(11) .

12 -20.

YIN Jianjun, CHEN Yonghe, HE Kun, et al. Design and experiment of grape-picking device with grasping and rotary — cut type

of underactuated double fingered hand [ J].
12 = 20. (in Chinese)

Transactions of the Chinese Society for Agricultural Machinery, 2017, 48 (11) .

[8] ZHANG B, XIE Y, ZHOU ], et al. State-of-theart robotic grippers, grasping and control strategies, as well as their applications



74

PSS A1 M | = O 14 2024 4

[9]

[10]

[11]

[12]

[13]

[14]

[16]

[17]

[18]

[19]

[27]
[28]

in agricultural robots: a review[J]. Computers and Electronics in Agriculture, 2020, 177 105694.
YAGUCHI H, NAGAHAMA K, HASEGAWA T, et al. Development of an autonomous tomato harvesting robot with rotational
plucking gripper[ C] //IEEE/RS]J International Conference on Intelligent Robots and Systems (IROS). IEEE, 2016: 652 —657.
M, SREEZE, EFy, 45, JEHER W EE 3R B EUAIN T 80 Sl [T]. S EAL L sk, 2021, 42(10): 1 -6.
TIAN Hui, ZHANG Zhujun, WANG Ling, et al. Design and experiment of a soft gripper with enhanced rigidity for fruit and
vegetable picking[ J]. Journal of Chinese Agricultural Mechanization, 2021, 42(10) : 1 - 6. (in Chinese)
XVbe g, MRS, RIMAE, %, EBHRRMEET NGO SE®mT]. R, 2021, 52(2) : 30 -43.
LIU Xiaomin, TIAN Debao, SONG Maozheng, et al. Design and experiment on pneumatic flexible gripper for picking globose
fruit[ J]. Transactions of the Chinese Society for Agricultural Machinery, 2021, 52(2): 30 —43. (in Chinese)
o, G, NG, 5. TR B ENHOCR R R T IR 5E8m [T]. L=, 2023, 54(9) .
74 - 84.
ZHAO Yunwei, HUANG Haoran, LIU Xiaomin, et al. Design and grasping experiments on untethered adaptive pneumatic soft
gripper for globose fruit picking[ J]. Transactions of the Chinese Society for Agricultural Machinery, 2023, 54(9) . 74 - 84.
(in Chinese)
VLG, e, BEA, S MRORBDRB R IINTF RIS SENAALT]. RO U= ,2021,52(6) 126 - 34.
JIA Jiangming, YE Yuze, CHENG Peilin, et al. Design and parameter optimization of soft pneumatic gripper for slender fruits
and vegetables picking[ J ]. Transactions of the Chinese Society for Agricultural Machinery, 2021, 52 (6): 26 - 34. (in
Chinese)
et WK, R, A T ) FEAEATUR Y Sl U i AT [T ] R R Tk R 2 %441, 2022,54(1) <105 - 113,
LI Jian, DAI Chuyan, WANG Yangwei, et al. Development of pneumatic four blade soft grasp for grabbing strawberry[J].
Journal of Harbin Institute of Technology, 2022, 54(1) . 105 - 113. (in Chinese)
AR, £, 40 5. SRR RMRDHMIMTF RTS8 T]. R PR, 2023, 54(9) : 65 -73.
ZHUANG Yu, WANG Haitao, WANG Jinfeng, et al. Design and experiment of pneumatic soft claw for SLA fruit and vegetable
picking[ J]. Transactions of the Chinese Society for Agricultural Machinery, 2023, 54(9) : 65 —73. (in Chinese)
PARK W, SEO S, BAE J. A hybrid gripper with soft material and rigid structures [ J]. IEEE Robotics and Automation
Letters, 2018, 4(1): 65 -72.
HOHIMER C J, WANG H, BHUSAL S, et al. Design and field evaluation of a robotic apple harvesting system with a 3d-
printed soft-robotic end-effector[ J]. Transactions of the ASABE, 2019, 62(2) . 405 - 414.
SHEA H, SHINTAKE J, FLOREANO D. Soft compliant gripper for safe manipulation of extremely fragile objects[ M ] // Tech.
rep. SPIE Newsroom, 2016.
PR, Bfedl, AR, 5. SERRMILEG A SR BRI R IR S K EHLT]. Rk TRk, 2023, 39(4) :1 - 15.
CHEN Qing, YIN Chengkai, GUO Ziliang, et al. Current status and future development of the key technologies for apple
picking robots[ J]. Transactions of the CSAE, 2023, 39(4): 1 - 15. (in Chinese)
EUSH, AR, A, S BRI ARG SR [)]. BT, 2016,38(4) ; 94 —98.
WANG Xiaonan, WU Pinghui, FENG Qingchun, et al. Design and test of tomatoes harvesting robot [ J]. Journal of
Agricultural Mechanization Research, 2016, 38(4): 94 -98. (in Chinese)
BAC C W, HEMMING J, VAN TUIJL B A J, et al. Performance evaluation of a harvesting robot for sweet pepper[ J]. Journal
of Field Robotics, 2017, 34(6) . 1123 - 1139.
SILWAL A, DAVIDSON J R, KARKEE M, et al. Design, integration, and field evaluation of a robotic apple harvester[ J].
Journal of Field Robotics, 2017, 34(6) . 1140 - 1159.
KAKOGAWA A, KAIZU Y, MA S. Sensor-less and control-less underactuated grippers with pull-in mechanisms for grasping
various objects[ J]. Frontiers in Robotics and AI, 2021, 8. 631242.
YUAN S, EPPS A D, NOWAK J B, et al. Design of a roller-based dexterous hand for object grasping and within-hand
manipulation[ C] //IEEE International Conference on Robotics and Automation (ICRA). IEEE, 2020: 8870 - 8876.
YUAN S, SHAO L, YAKO C L, et al. Design and control of roller grasper v2 for in-hand manipulation[ C] // IEEE/RSJ
International Conference on Intelligent Robots and Systems (IROS). IEEE, 2020 9151 —9158.
MA R R, DOLLAR A M. In-hand manipulation primitives for a minimal underactuated gripper with active surfaces[ C] //
International Design Engineering Technical Conferences and Computers and Information in Engineering Conference. American
Society of Mechanical Engineers, 2016, 50152, VO5SAT07A072.
Xgke, SR E, M. FaiRMLS ARELTHAELIIR [M]. et B Wt 2018.
RUSSO M, CECCARELLI M, CORVES B, et al. Design and test of a gripper prototype for horticulture products[ J]. Robotics
and Computer-Integrated Manufacturing, 2017, 44, 266 - 275.



