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Impact of Robot Grasping Control Modes on Mechanical Damage of Tomato

ZHOU Jun MENG Yimeng ZHANG Na YAN Zhenghong
(Key Laboratory of Intelligent Agricultural Equipment in Jiangsu Province, Nanjing Agricultural University, Nanjing 210031, China)

Abstract; In order to analyze the impact of robot grasping control modes on mechanical damage of
tomato, the Burgers model was used to express the deformation characteristics of tomato, and the
viscoelastic parameters of tomato were obtained by the creep experiment. Three kinds of variations of
speed, 1. e., motion with uniform deceleration, deceleration after uniform motion and motion with
variable deceleration were selected to indicate different grasping control modes. The linear function,
Butterworth amplitude square function and exponential function were used to represent different grasping
control modes during the robot grasping process. On this basis, the model of plastic deformation of tomato
was solved, and the rules of tomato plastic deformations in different grasping control modes were analyzed
when the grasping time was constant. Then, the optimal grasping strategy was selected based on the
minimum plastic deformation. Experimental results indicated that the third grasping control mode was
selected as the best grasping strategy, when the grasping speed was 1 mm/s, the grasping time was ls,
the plastic deformation of tomato was the smallest, the early maturity and middle maturity of plastic
deformations were 0. 002 6 mm and 0. 009 8 mm, respectively. Using the third grasping control mode to
carry out the grasping control experiment, the simulation results were highly identical with measured
results, the determination coefficient R* was 0. 99, which proved the rationality and feasibility of the third
mode as the optimal grasping control mode. This research can offer a reference for robots grasping process
optimization.

Key words: tomato; picking; robot; grasping control mode; mechanical damage
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Fig.2 Force-deformation characterization of Burgers model

Hrp fi(t) =k (%, (¢) —x,(1)) (4)
L) =k, (2, (1) =x3(8)) +¢,(w, (1) —x,(2))

(5)

£ (1) = e, (1) (6)

XA x(t) =x,(t) —f(2)/k, (7)

RIER(2) ~ (7)), BB £ «,, AT 759 A2 o
S1— iR X BB Ny
B,%, (1) +Bx, (1) =A,f(1) +A,f(1) +f(1) (8)

Hrp B, =c,c,/k, (9)
B, =c¢, (10)
A, =cic,(k, +k,)/(k kk,) (11)

A =[ckk, +k,(kic, +kc, +kye)]/(kkyk,)
(12)

% S0 58 0 2 Ak 11 et L g S 8 BB R AR T L
HORA P R B0 e s ™ U A 1 9B AR T

&:%fﬂwm (13)

A TR i HA T 8 IR 52 018 42 ft 1]
AR (8) R (13) w1, X 2 i ) 28 1 78
PEAT BAE > M 5 ZEARAT SO vk 2 B, PG, A3

A1) B U5 28 75 8, % 7 i FF i 4E 2 288 £ 05 22
SRR IR B SR

2 FiEEESHREN

2.1 \FEXW

HERETR A RO R 2 S LD BT (5 A
B 10% ~40% ) L2 (FLLTE R 40% ~60% )
A4S 10 A, Fonh 1 77 1B AR AE 62 ~ 80 mm Z [i],
[ EEAE 166 ~252 g Z Ji], S50 U A% 4 45 35 [ FTC
v W] By TMS — PRO T #4 % . P75 Bk ( H 12
75 mm) TEEHL AR R B B

XoF 25 Y I 7 A 2E AT G 5 B IR 2R
A ZKT 50 A TR A b Sk ), I 3G A
B PEAT L0 o Bk N FE S 60 mm/min, £
P R A W% Ry 10 He, 246 71 2 0.6 N, Jin 28 B[]
30 s BEASAE AR SR I AL BE BLIE L 3 AN REAR AL O
HXT3K 3 AMREA g3 4 S BE fE 2 e 77 3.5.7 N AT
M, JEFEAT 60 YR AR S5
2.2 HEISHIRE

0% A8 S 55 T AR AT 3 ih 78 15 24 F T AR T B A
[F] 75 Ak G 2R B I A2 il £, R Orrigin 8. 0 %0408 43 #7
AR AR LA T HA 8 T 20 (1) %3 i %
AR AT R AU G, A5 B0 A A A A R i S 8
KA RE ., F 1 MM 20 DMFEA P BENLEE SR 2 4
T AR AS (ARG 3L 2 5005 A0 06 R B IR RO Y
fHo PR R HET 0.992, HARA KB E 1
D5 Z L, B0 TR A A A AT st . AR SR
7 1 B AR S 2 B0 P (B HEAT S S T
% HE R B AT .

K1 HEESHRRERY

Tab.1 Viscoelastic parameters and determination coefficient

F ke A PEAS ky/(N-emm™") ky/(N-mm™") ¢/(Nessmm ™) ¢/(Nesemm ™) R
1 4.02 12. 04 1028.34 77.02 0.992
2 4. 11 12.32 1105. 63 77.58 0.993
AR Nip
3 4.19 12.51 1093. 26 77. 63 0. 995
S 4.11 12.29 1 075. 41 77. 41
1 3.02 10. 43 845. 68 65.21 0.99%4
N 2 3.19 10. 78 874. 44 65.58 0.995
R 3 3.38 11.02 886. 37 66. 02 0. 994
S {E 3.19 10. 74 869. 16 65.58

3 A REIUERSE & 77 20 3t 28 1 T 2 B9 2 0

3.1 3 FheaBUHMELE & A X

Xt TR AW AL AR A5, 76 AR i AT A DB i 2R
S F 45 1 TR B8 A B BE, R i PR A i D o 2 4
0 MNEE— IO B fe 2080/ 9 % o AR iz A p o

JEARATE A7 A JC K A fE , (H 29 980 55 20 1 5 Ik
LK AR od 3 A 5 2 D i R S R AR ] 5 B
O Ji AT A LB s 19 H10HOH B2 20 7 P 5, 45 i
WK IS T 06 20 08, B2 A 1k o QR S AT 45 2
i SR ST JR AT DR A B E AT JBE ) ] o, — B
I [0 i 9 e 24 1E o AR i R AT % % M 2R S



24 & A Bl B ¥ i

2017 4

A3 B2 A Wy A2 Ak ) J7 X0 s A7, B2 5 1k M
B DR, AR SCRE 20 Dol | 5 2 e D DA e AR
DB 3 Rl B A AR SR A I ) O X AT e
R BT N 58 B RS S FIUIBC Sl A ) 1 i)
Us, HAT, H AR BB T 58 R 2 IR IR [] K
2% 4 s N T AR MTAE — R A I ) P, R ]
F8 IR A 1] 7 X 2R S AL BRCAE A3 1) 3% W, AR A %
3 o gt R PIUICAE A 5 3T 77 A w98 P T L A
Fr o3 M, %3 He 3 b i 78 IR i 5 2Ok 7 il BIL AR
5403 145 0 o

L B SR /5 (WSG 50 HLARF) AL 5 2
B, R — UK BRI SRR IR MU 1 U o O K e
S803 ol pr R sty £ 0 S i S Dl T | S ) i i A
ARy 3 Fof i R pg PICICRAE A 3,3 bl R B SR AR 1Y
IO 32 i P ] 28 A0 A9 5C R A 3 F /s o

{

0 ;
3 3 Pyl i O X E B I ] A2 Ak 2.

Fig.3 Diagram of velocity change over time of different

0 [

grasping control modes
MR 52508 5 (9 52 b 2 4B B, B E 3 7l it A
ICHC A ] T 28 oL 114 3 8 o s 1] 22 0 1) o 807 7
v, (1) =vy, —v,t/t,

v, (1) =v,/ /1 + (2t/1,)" (14)

v, (1) =v,(0.01¢5)"

A o3 M ITUBGH 2
v, (0) ——— KRR RN A
vy (1) — B RF R 307 R 32 SF- 75 e BT 1
vy (1) TEBCR BT 1Y 7 2

to ek 7 PV [A]

3.2 BHUHTEERHE

HT T BB A O 5 0 SR Al R S R R R, T
L B S M) 2R S TG 6 o Y 98 P AR I A D A AT
Wil 75 AU 25 M AR A o B0 BILAR T IR B2 Ol
vy, WG AR S TR m, m] A5 B 25 ARl X R A 45 1R
Wy Fyo=mg/(2u) (u R EEE IR, S0 0 % w0 =
0.22) o KA 2. 2 755 B BIL 6 Y 7 0 e A S HORY i
PESHCF S E AT HLE T AU (8) L (14) BT
T op T e SR A A A TR B ) 05 3R 7 0k ) 52
BEI R A P56 & o B HAUA N (13) f AR A5 7E —

SE JIBCIR 8] T, AN [R] JICBCA il 7 207 A 1 38 4 AR 1B
o PG BT A B SRR i SRS 2 s .
®2 HERBESH

Tab.2 Solving parameters of model

B éﬁﬁﬁ,ﬁ;ﬁﬁﬁﬁ%&qﬂ,ﬁﬂ
W e R 8k /(Nemm ") 4.11 3.19
R WA R A E,/(Nomm ") 12.29 10. 74
PBHEPER B ¢,/ (Nesemm ") 1075. 41 869. 16
HBERE R B ¢/ (Nosomm ™) 77. 41 65.58
%1k ) Fo/N 5 7
PUBCHJE v/ (mmes ") 1 ~20
R A2 IR [8] 1, /s 1 ~4
FHERIE b,/ (Nemm ™) 70 000

N T k2 U SR A A AR AR SC DI A o
X TEIHGEEE v, =1 mm/s, 1, =1 s B B HTUHCL 72
), X 21 2T 0T o R AR A R AR T Y B A T 2
FEHATTEA AN A KL TR -

(1) B 2 M Rs 30 2 5000 T 48 W1 B 55 4% 4F
AT A(9) ~ (12) AT DUA A A 26 P Aok 43 O 7 v i i
ZH A, =355.47 A, =1648.17,B, =1075.41,B, =
6 773. 60, ARHEA (14) PR 5 2K 1 A o 1 ol it
AR R, E », (0) =1 —¢, %, (1) = =1,
K (8) [ KR A

1648. 171 (1) +355.47f(1) +f(1) =
~6773.60 +1075.41(1 —1) (15)

(2) 2 (15) Ry W 5 R BAE 57 IR &R oo
FE BT f(1) =P, (1) MZER . H oA B0 1O 1 I
S, SR % 3 3 7 T LA 4 S SR G R 5 R O

1648. 17/ (1) +355.47f(t) +f(t) =0 (16)
(3 i AR SO R (15) B — DR TR R 7 o
(3) 2 (16) Xt i 9 FEAE J7 72 Ry
1648. 17 +355.47r +1 =0 (17)
FIF % 2 0245 21 00 3 5mORS o S 8 AT
NA=AT-44, >0, B AR (16) A 2 1 H 7 H L
r,=-0.0029,r, = —0.212 8, Mz (16) {38 it
So(1) =c e "M oo MY (18)

BT A =0 AR R (17) WA, Fir LA

RS )

y© =byt +b, (19)
B HARAK(15) CSRAGIH T A 45N
y = -1075.41t +376 577.78 (20)

(4) FRAE LB T 19 B3 5 DI 72 2 8, € O
R C15) BRI B 25 F N 2 f(0) =0,f(1,) = Fy K 0146
FRAFARA G (15) SR A5 H i o



5 113

AR A5 HUACT A [ I ) 5 50k 26 i AL AR A5t 3 F) 52 ) 2 A 25

F(t) = =12 630e "% —11.462 6" —
1075.41t +376 577. 78
T Z YR e %) g B I8 PR AR T e ik 50

(21)

1 o -0.0029:
X =—— ~12 630 -
» T1075. 41 Jo( ©

11.462 6> —1075.41: +376 577.78) dt
(22)

2 (20) RIS >4 i 0 K S 280k &, =4. 11 N/mm,
k,=12.29 N/mm, ¢, =1 075.41 N - s/mm, ¢, =
77.41 N-s/mm , Fa @ PN ] ¢, = 1 s, PUHGHE o, =
1 mm/s I, JUOBCES ) 75 20 1 0 A B UG e vp
Py Bl B ) 79 48 4k G &R o 3@ aF Matlab {7 53R 15
2 (21) X 1 1 g Fifs g 1a] A2 Ak il 2 & 4 s, R
KU ARABYEASIE F 385K (13) AT 45 OB 6
21 TEIZ L R b i 98 1 AR T 3Rk 20, SRHS X 1 48
eI A X,=0.0027 mm,

[F] B, AT b3 o3 T 7 SR g 5 12 o8 T4 ol
J5 22 A 7 23 #E AT A B Y -,
vo =1 mm/s B ATy Fifi B [B) AR fb 56 R ANE S BT
SRAT R AR ] 7 = 2 AT il =X 3 A s kAR
& X, 43512 0.006 2.0. 002 6 mm, #R4ELL K it 7
44 Matlab TR BEXT AN [F] 20 3 e AS 7 38
BRI TIPS [B] ¢, Ry 1 ~4 s, IRIBCGHTE v, Ry 1 ~
20 mm/s [FOL T BYSPEAS TR - T, At £ R I A
LA AR SR AR 25 R A& 6 A T s

K6 & 7 Sy sk BOAS [l TCECA2 il 7 =X, 72 A ] 4

B W =
w ow w

(b) HIUICH i 7 32

B 6 3 Ry i o 20T Z0 20T 0 7 A A 28 A T R

P4 YRR 7 21 B9 Bl R 2% A i 26
Fig.4 Changing curve of force over time of the

first grasping control mode

BS PO il oy = 2 APOR 5 3 /Y J Bt [a)
AR Ak

Fig.5 Changing curves of force over time of the second

and third grasping control modes

IBCRRF 8] 2, T, A [+ J SR 3 0k 7™ A 1) 28 P2 2 Bt T

YRR FE AR A A . DAIET 6 &1 7 Rl DL M 4 [R]

— IR A AR AR I A [ — B [E] R B
0.040

0.035
0.030

P D =
®w w

B
w

025

0.020

0.015
0.010
0.005

Fig.6 Plastic deformations of early maturity tomato with three grasping control modes
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