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Optimization Design and Kinematic Analysis of
Cucumber-harvesting-robot Manipulator

Feng Qingchun Ji Chao Zhang Junxiong Li Wei
(College of Engineering, China Agricultural University, Beijing 100083, China)

Abstract

As the cucumber harvesting robot works in the non-structure condition, the structure and movement
of the manipulator directly determines operating space and picking success. According to the specific
cucumber cultivation, the manipulator was designed and its structure parameters were optimized based on
the method of the parameters optimization. With the D — H kinematic model, the coordinate
transformation was achieved between the Articulation and the Cartesian space, and the Jacobian matrix of
velocity was derived. Besides, the model was built in the Articulation space for planning path by means
of cubic polynomial interpolation. All the parameters optimized was simulated with Matlab, and the
simulation results showed that the harvesting manipulator could reach the positions of 90. 5% of the
cucumbers in the workspace, moreover, it could move smoothly.

Key words Cucumber, Harvesting robot, Robot manipulator, Parameter optimization, Kinematic

analysis

I

51

RAw LA N — R TAE TARSS M 3R 85 vh i &2 %
P — Al ™ dh o TER A R T, MLBOE R RE &
X B /I Y 45 225 T o 8 56 B Bl A 3 0 AL B
St AR AR T R R TR, AL 1 R
PEBETF X B3 BIL e A B SR A 8O oA 2

Wk H#1: 2010 -07 —01 &[0 H . 2010 —07 — 19
= [E 2863”1 BRI ST A T3 B¢ B 5T H (2007 AA047222)

BUBRE B LR LT B AR 46 52 B ) AR 25K, ik
PEA PR LG 1 2O R A 45 HLH S5 0 SR
7 SRR e 2 2B TR B AT SR H A 0y 25 1]
AR B S LB RO AA L, JRE A5 RIS S ok A
SR ABLARR A i 3% 2l 9 B th R R
SR A A R 255 HUARES 92 P T AR 25 (8] (45
WK AR b, X AU 45 #9 R S B AT e 8t

EER T BEE, LA, EENFRIDILEG ANHARBIY, E-mail ; fenggingchun@ gmail. com



) BE A A RN IS 2544 1L 5 a2 3 o i 245

B D — H & Sr MUBCE 1E 39002 Bl 2 45 8 e ML
B HE AT B B X MILBRORES S T =S [l iz sh kAT ML A
I = Uk 2 T A (ELIE St 57 5 1Y 4z 2l A I 18] R 4

1 WERRERITRERKKL

1.1 RFEXE

B 1 TR HL s N AR, SR R Z
AR IE R, AR TR IR S 5 2540 B TR i P
Fras V) EIRAN . MU AR 2 A B e T 3 TOR A L
i NBAZR KA, 43 A 76 B Hb T =5 400 ~ 1 200 mm
$% 700 mm Y FE g 200 mm [ 2 ]S Y . LB
JIG 8 BT AR AR o0 700 mm,

BT R4 T
Fig.1 Working condition
Lo 2. /0% 3088k 4 LB 5. R 6. gk
7.+

1.2 #HEHEET

KA H bR 23 A XSO i = N A Bl s )5
AN ERBEE RS % o W AR AR SUHL AR T AT A BR =5
[E1) AL 2 (AT 0 i 2, 4 RN D 3 Xk He s 3l
B FEAT ML, PRI AR ST LA B 5 R 2R Rl
W Ar bR BORSME B BAE R AR, i T A B %)
PRVE LS A B e B AT 6 2 SR AR Rl 25K, I 2 B
TN o AR SCHLBRE 515 3 A1 0 S0l O 2 A e e IR 51y
ARFAVY S SR 5 ORFAVD 8 5 1 R 471D 01 R 5% 5 Jie %

—a

Al A
A
3
4 5
v

Vs

"1

K2 HLAE i B
Fig.2  Construction of arm
LOBEJRHERE 2. JF RT3, SRR AT 4. G AR
5. % T e
1.3 BRMRL
3 Sy B bR DI A0 I, 24 6 e OG5 e % 1
g 31°m R i P AT A% AT 3K B 98 700 mm (1) H AR X

I, LA A R AUA N R i SR AT 2 TR R D 1) a3l 3
5 274 mm,

A N
2 il
/ A
v e
3\1 g ,;‘/ ¥
o
/ //"///
200

&3 HAR XIS AL &
Fig.3 Vertical view of work space
WE 4 fros, HLUACE BCE TN E TR, &5
440 mm o fB /N 425 e B S R AR X o ol L,
PUBUE L e w3 g C WL KB K o, /NVEK b, R
I RAT RS do DURAH HARKEIE (B2 823 ) X 4
AR (my,n,,0=0,1,2,3) UG A0, k2
P JUART SR A 1 7 125, 48 31 R /NG R s S AR I O
WA a.b.6, .60, Fox, Hi
a= 1492 -72C + C*

b=./1600+d -2Ld +1I°

010 = = 01,5, = —arctan (%)

0s00e = — 0,,,;,, = — arctan (L ~4 )

W AR AR w . d a2 R K
INEE B /N2 30° <y < 180° L JE B 100 mm <
C<300 mm HLAKE B R4 X 19 7K F- B2 500 mm <
L<800 mm, 7E 3 R AL L R HT 82~ , LA C L 7%
a1, LB S BR A 25 8] S AT BE K Hb 5 30 B T A
235 [ EE A, T A5 3 g5 KA A & AR ZS ), HL 20 {45

+

WK ERR " Q, = (l}fb%d\,#ﬁ@%ﬂﬁ@%%& a.b

HEAR NVE K
Y (my. mg) ‘ (my.ny)

b git?

1200

o V0.0

X
o (my,n3) 1 (my,ny)
30 =

K4 HLBE 2%

Fig.4 Parameters of manipulator

K56 CMLERAHRNER, HH C



246 o Bl B ¥ iR 20104
(RT3 4 K B8 A 28 T 38 R, A RICR A 45 (B AR €1 Cyy =€
ANAZ KRG L OYGINES R A FE 6 A B W G O, A RCR 48 $,Cppy =5,
R SGREIR I B L = 560 mm I 34 B A, 1A eo, =0
_ _ _ - (1)
W, e EL € =170 mm,{, —56‘0 mm,a —‘236 mm,b = erepd + e enb +eicya +s,d, = x
443 mm,d =370 mm , {ifi 1545 % TAE =5 (8] 5 K, [6] B d b d =
\ T s o $1€34@ + 8, €50 +5,¢,4 —¢dy =Y
PRUE T 45K B8 bR/ o
Syud + 5,0 +s,a=2-C
2000 1 . .
« 1950} & ARCRAAER 0088 Hofr s, =sing, ¢, =cosh, s, =sing, ¢, =cosh,
< 1900 « W KR & Sy = Sin(@z + 62) Cy3 = 005(02 +6;)
= 1850 10.046 9z ' ' ’ ’
{(“1800 AAAAAAAAAAAAAAAA:AX .5;\_;( 3123:Sin(91+92+93) 5234zsin(92+93+94)
) 0 * ¢ 3
E1es0p e+ * von EEF‘(x\y\Z)ﬂJﬂéTﬁﬁE*T,H*HXTULWEﬁJ;TTMM
1600 . N —
10 15 20 25 30 = HEARBRE L 6, .6, .0, .6, 43 A R L JE O Ok

HEPE 5 3 fom®
Bl 5 Sk B S BiRC R

Fig.5 Relation between and optimization goals

2500 b 10.055
. & HECRAHAN
E 2000 ., o Gt -
= “.‘ ., R 0050@
.
‘[\"1500 A“‘ “‘AA :' ¢ i
HE P4 A, Al
E‘glOOO .0°'. “A“A 0.045 £
.?< ‘0 4o
AR *® \
T S00F Lee
.0
0 . . . . . 0.040
5 55 60 65 70 75 80

LR DX Ja 0 B 5 /em
B 6 R4 I 0 B B 5 AL B AR G &R

Fig.6  Relation between and optimization goals
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