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Abstract

In view of the existing problems of current picking manipulator, an articulated picking manipulator
with four degree of freedom was developed. In order to harvest fruits and vegetables of the target space
flexibly and efficiently, meanwhile to reduce operating space and structure size of the manipulator as
much as possible, the general structure optimization method of the articulated manipulator for picking
fruits and vegetables was proposed, which was applied in random cube of the picking space. The
mathematical models were constructed by taking the workspace for constraints, and the Matlab
optimization Toolbox was applied to realize the proposed method. For verifying the availability of the
method, the structure parameters of the designed articulated picking manipulator were optimized by
referring to the example of the cucumber picking operation in greenhouse; and the motion planning
experiments of the optimized manipulator were carried out. Experimental results showed that the optimized
manipulator could cover the whole required target space of the cucumber harvesting operation, and also
could reach the limit points and other picking points of the target space, the maximum positioning errors
of the x,y,z axis were respectively 4. 3 mm,5. 6 mm,6. 8 mm, so it could basically satisfy the requirement
of the cucumber picking operation.
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Fig. 1 Photo of fruit and vegetable picking manipulator

PUBE BT A0 48 S B 76 2 Al 2R A Rip
FEN SR AL 1 i AR, BRAIRAZ S LG Y
Rtk 4 AT AL ZE H T X SEAC AR R], 24 5%
P ) i S AL A 30 D s 4% 19 1% 2l 7 =X, 5
PR BICOF AT & o — R H B TR K%
EEAFBCTT W RESSAL , 7E PR UE M BE R BE B T3 T
JERJREFNA% ST X R FH AR G AR, 1045 1 4T I 28
BRI A, 1 RGCR AR T CAN &
2RI AR A A S ] HUAURT 2% 5 42 1 484
CAN Bi&k By, 5 EAplE E K 4 ik,
AR K o A ZR G A 48, i HL m] 075 i b S5 BR ML
KTHITJE,

2 REXRBIWEERSHMLRIT

2.1 B#RFAE= ER RS E AL 12

DI 2 FRBE T B IR Ry 5], X6 SR LA ik
T8, B HER HARRIEZS 18] b xw x h
A 200 mm x 700 mm x 800 mm , HLARE B TE S N
440 mm HATE/NE T BN /N P i )
(¥« i) 600 ~ 800 mm, A ] (¥ y Fli) - 350 ~
350 mm , {1 &5 400 ~ 1 200 mm B9 IX I, AR
s () AN E 2 FeoR

z/mm

i/m

h

(o I bizooi%

=11
r =600 ‘ l

P2 B H bRl 23 8] 0L R

Fig.2  Front view of cucumber picking target space
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Fig.3 Reachable workspace of main links
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Fig.4 Motion planning experiment of picking robot
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Fig.5 Trajectory planning of each joints of the manipulator
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Tab.1 Measurement results of manipulator end position mm
HiB{E SLE IR Y
P
P, P, P, P; P)’ P! e, e, e,
1 600 350 500 604. 1 352.3 493.2 4.1 2.3 6.8
2 600 350 -300 597.6 355.0 -306.2 2.4 5.0 6.2
3 600 -350 -300 596.2 -355.1 -305.3 3.8 5.1 5.3
4 600 -350 500 597.3 -354.2 504. 1 2.7 4.2 4.1
5 800 350 500 803. 1 355.6 497.0 3.1 5.6 3.0
6 800 350 -300 797.0 345.6 -303.7 3.0 4.4 3.7
7 800 -350 -300 801.2 -346.5 -295.0 1.2 3.5 5.0
8 800 -350 500 803.9 -346.0 497.2 3.9 4.0 2.8
9 620 180 270 623.3 184.9 264.9 3.3 4.9 5.1
10 637 238 488 639. 1 243.5 481.6 2.1 5.5 6.4
11 698 154 440 702.3 157.2 435.2 4.3 3.2 4.8
12 700 -200 400 703.7 -202.0 399. 1 3.7 2.0 0.9
13 720 280 417 722.5 283.6 410.5 2.5 3.6 6.5
14 750 -50 350 750. 4 -52.9 345.5 0.4 2.9 4.5
15 767 176 370 769. 8 178. 1 364.6 2.8 2.1 5.4
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