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Optimization of Picking Robot Arm Parameters Based on SA-PSO Algorithm

PANG Guo-you,GAO Zi-cheng” .LI Li-jun,ZHAO Kai-jie, WANG Xiao-chen
(School of Mechanical and Electrical Engineering ,Central South University of Forestry and Technology .Changsha 410004 , Hunan,China)

Abstract: At present, the harvest of camellia is accomplished by artificial method with low efficiency and
high cost,which seriously restricts the healthy development of the camellia industry. In order to solve this
problem and realize the mechanization and automatic picking of camellia,a vibrating camellia picking ma-
chine was designed. Based on the fact that during the working process of the camellia picking machine, the
structural size of the picking arm limits the scope of its work,an optimization was conducted on the param-
eters of picking arm to ensure that the picking machine could extract the oil tea fruit efficiently. Combined
with the results of the field investigation, the variables of the optimized design were determined as the lift-
ing hydraulic cylinder stroke S;,the telescopic hydraulic cylinders stroke S,,and the pitch hydraulic cylin-
der stroke S;,and the objective function was established to determine the constraint condition. Based on the
SA-PSO algorithm, the structural parameters of the camellia picking robot arm were optimized,and the op-
timal parameter solution was obtained:S; =154 mm,S, =320 mm,and S, =166 mm. The optimized design
of the picking machine would provide theoretical data support for the optimization of the machine.
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Fig. 2 Sketch map of oil-tea camellia fruit picking
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Fig. 4 The plane work-space of the picking manipulator
143 325—L, " )
134 734.16

134 734.16

DI 87 B4 24 A 43 5 O
a1 =0;min+75.5°—180°
s = e +75.5°—180°
2 s 8 AR R 43 53] O
xx = —200sina; + L i, cosa; +825
{zK =200cosa; + L, sina; +940
x; = —200sina; + L g cosa; 825
{z, =200cosa; 1+ L gynsina; +940
xy=—200sina; + L. cosa; +825
{ZM =200cosa; + L .. sing; 940
an = —200sina; + L ..cosa, +825
{ZNZOOCOS(IZ “+ L. sina; +940
BB KT MN 5 82
(ag;—825) + (2 —110)* =Ry,*
ax € (xysax) U (ax ,825+Ry;) (10)
2z € (ks x7)
(xun—825)" + (zyny —110)* =Ry’
aun € (nsam) U 2y »825+Run) » (1)
2k € (Tmsn)
A 10 A H R R 73901 4 B 51 BE KJ L MN
IR e

D)

Qimin = arccos (

Qimax = arccos (

)(8)

9

Ry, = /200* 4+ L in° (12)
RMI\: / 2002+L.\xnax2 (13)

HZ KMN By 7 #H
ZKM*ZK:ix:?; (xrgm — k) (14)
zJN*ZJ:z'\IiZJ () —ay) (15)

IN Xy



5 430

Ve 42 4 3T SA-PSO F i R A WL 2 it ik 271

I 2 AT75 4 KL ) ON O M B AR FR AT 5
K'(1400,700);]'(1400,1300)
N'(1800,1300) ;M'(1800,700)

3 MLARE &AM S Bk

3.1 BtRR¥EHNEL

Sk 4 1 TS SRR A MLAILARE 04 1R b R0% S HLAK
T ARl 235 T8 3 5 2 e 0 25 Je R Bl KT TN MY (i
P TAE Sk Ak F KPR A TAE 25 8] KINM (LA
RRRS TTAESS (8] 1B R 0N o DT 46 AL AR
AR ity R A8 AR Sk 19 e 45 7 LB A) PR ot A BT
A2 ) (4 1E R BB bR

PR AR 25 T A S 000 Bt T B8 B G
w5 R .

LbAT

Bs5 TiE=EaE
Fig.5 Partition map of the work-space
BS . i KJNM T B A K800 B 1 o T
fEzs ) & O SRR JK CNM B RO s e iy 18R B
KJ B A s sl P oK KT B2 OF ASE R4
RGN MN AL 52 5 Q R KJ /Y F42
OK HYIER L 5B I MN 525,
RGP 4 FE S T AT 2518

(1H)X,=825,Z,=1050;
(D)Ljp =Lykq=Runy —Rg; 3
(y=06= arctan(IZOO )

(DLjy=Liy=5,;
(De=ar—a1
HOASFLI BE T2 KQM 5 AL B3 JE JPN 4 4%,
TS (] KINM g i L5 5 % 36 KIPQ #Y il AUAH
i DL B S AT A H bR R R -
minf(x)= ;WK(RWZ

Skirq = —Ry®) (16)

3.2 AREZGHRE

Sy T AT 0 A R A AL W 2 TAE SR R
A TAEZS M KINM 75 #5350 H K'J'N'M', ¥
HAER N AR (1) 2Y 2 =1 050 B, 2503 2
2x) =825 + Ry << 14005 (2) 24 ayy =1 800 B}, #F
vy =1 050, 20 B 2wy =1 3005 2 2wy <1050, 40
R 2 <7005 (3) 2 2y =1 400 B}, Z00H B 20 <<
700, z;y =1 300,

SRy AR T B e A, 50 2 DL 7E AT R
LT RAF AR Sk 34 58 7E K F- 5 1) B 3 /0N FRRE
MR, BUE 3 B 207, ¥ Hk i A 2 R &
P s (O FEZS T R G B2 e i i B L, = 280+ S,
I B 3 ZE A T 28 TR T N B T T 67 B AR IE »
=207 Wl o= a5 (2) 75 28 FH U R 6T B2 B KA
B L, =280+2S; , Hhif 1 € 4k T 2% T4 6T N i |
T A AL 8, PR E - f<<—20°, LAY e =az o

HR A 52 PR 45 A B 11 B0 5 8 B Ak i & W s T
AT R ] O LB 4 oy 24 TR 45 - 0<CS, <300
mm ;0<S, <500 mm;0< S ;< 300 mm,

3.3 ETF SA-PSO ExSH Mk

HR A B bR ok B 29 2% A, R TR 00RO+
B 0T 2 AR AR WLV E 17 2540 S Bt Ak .
otk sith Zean &l 6 fiow .

X10° BEIR JORL B S5 0 S i 2k
22422 ¢

22422
@ 22422 ¢
i I
5 22422

o2t

2.2422

2.2422

0 10 20 30 40 50 60 70 80 90 100
AR
B 6 ik i 2k

Fig. 6 The optimal convergence curve

B &6 AT Bk A A 17 AR, 7 A L
oo =[153.281 2 319.254 9 165.217 1]
BARE N EAE N f(2) =224 220 mm”,

Wt S5 DL A A7 R R
Zam=L[154 320 166]
A B THR R L AT R S; = 154 mm i 45 T
JEGLATRE S, =320 mm . JF 0 R G IE K S, = 166
mm 1 Ry fe R L S 4L

4 &
A 2 SR BUBL BRI 2 000 A BT T



272

(iRl Ne e o

34 #

b W TR AT AR s ) R TR L
A S Ak F AKSF- 57 B B R Fil AL AR 1 T A 25 1 HE R
T AR ) 45 i it 207 A8 5 i T 04K B bR e
Bl TR 25 Ja] AR R TR 55 Ja] 4 28 e F s el L T
YESRAEZK AL B B A 15° 0 R G AT F2 ) 2 3
Bl 3 ANkt e T e P Ak ) 01 249 B 2% 2, ) FH A
BB R T BE(SA-PSO) B gk UEAT T R AL E 2
Bl A5 T AL RS

WL LA T AR 15 2] T HLUARCE R B S8R
ZTuin=L[154 320 166, Jhy J5 L5 (14 i 4% H R i AL ek

PEERHE T IS o
2 & k-

[1] E, Bk . F b ™ ol v & TR SR B4 58 B LT 1. Mol
RHE T % ,2015,29(4) :6-10.

(2] skBEYE. WIR & A M 25 G 2 a5 i R (D], Kb« g #k
B K%, 2016.

(3] XU M 2% % fi 5 45 I 2R DLARAL 7B AR 5 & T fa 34
LI AR HLBK 5 K T2 4% ,2015,43(10) :6-8.

[4] Loghavi M, Mohseni S. The effects of shaking frequency and
amplitude on detachment of lime fruit[]]. Iran Agriculture Re-
search,2006,25(1) .27-38.

[5] Safdari A,Ghassemzadeh H R. Design,construction and evalu-
ation of portable limb shaker for almond tree[ ] ]. AJAE,2010,
1(5):179-183.

[6] EWHE. 2=~ B, A . . 13 8l 20OM AR 3k 3t 5 4
LI, PHHb AR 22 B 244, 2015, 30(5) : 288-291.

WANG P H,LI L J,GAO Z C. The design and analysis of os-
cillating fruit picking head[J]. Journal of Northwest Forest U-
niversity,2015,30(5) ;:288-291. (in Chinese)

L71 s W, B fi al » 52 WL 46 it il 9% 2l 30 A e 20 4% 8 51 5 18
IS BARACLT ], A TR 242, 2018, 34(9) - 75-82.

XU L M,CHEN J W,WU G,et al. Design and operation pa-

rameters optimization of comb brush vibratory harvesting de-

(8]

9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

vice for wolfberry[ J]. Transactions of the Chinese Society of
Agricultural Engineering.2018,34(9) :75-82. (in Chinese)
K)TRALFEF BIR L E MR B AL RIS TAES B
FRLI ] Aol TAR 242, 2016,32(7) :19-27.
ZHU G F,REN ] J.WANG Z,et al. Designof shelling machine
for camellia oleifera fruit and operating parameter optimization
[J]. Transactions of the Chinese Society of Agricultural Engi-
neering,2016,32(7) :19-27. (in Chinese)
HKdie s M A T SO AF L R 3 =M A SR S AL B0 B4 T SRR
PR B[], Al T2 24 ,2015,31(10) : 20-28.
XA, il 2% SR A HL kR BULRR LR G K3 ¥ (DD &
Al B . 2012,
72 A% IR AR HLIAT AU Bt K TAE A AL (D] K
T P RO R R L 2012,
L 2R SR AR il 2% R SR 4k AL SR ik HIL AR (%) AL A 1%
W RE B BT, PEAEAREBE 4 . 2012, 27(2) . 40-42.
GAO Z C,LI L J, LIU Y H. The Mechanism design and
movement simulation for the mechanical arm of the oiltea ca-
mellia fruit picking machine[ J]. Journal of Northwest Forest
University,2012,27(2) :266-268. (in Chinese)
FREE, H 3 BV, SA-PSO Sk 78 CNN 341 26 48 HUBE A 152 31
gy ). B PR R4, 2016,39(4) : 147-153.
ZHANG J,TIAN Y, DENG S J. The application of SA-PSO
to CNN edge detection template design [ ] ]. Journal of
Chongqing University,2016,39(4):147-153. (in Chinese)
kB, ok . T %L LT SA-PSO R A 5T 1k 1Y fE & fr
WrEL)]. AR BE B 4% R ,2016,53(3) : 137-145.
FES TN B 4 R TR B PSO BRI S
HBARALLT . Al HLAR 24 . 2015, 46(8) : 319-326.
TANG B,JIANG H B,CHEN L,et a/. Optimization of rotary
valve parameters based on improved PSO algorithm [ ] ].
Transactions of the Chinese Society for Agricultural Machin-
ery,2015,46(8):319-326. (in Chinese)
R B ZE ST AT ARG 2 SRR LR S AT P
RO 58 L], Al TR 244, 2013,29(10) : 19-25.

(EBEF 254 T

(6]  AREMK . VA0 UL AF 7 15 P8 2% 0 vb 55l 00T A 4 B ol B 2
LT A 2F W3R . 2006,41(9) : 32-34.

(7] wWfhoc. KEMY RS AR DI(1984—1988 ) [J]. Rt
U254 SRR . 1991(3) :91-97.

[8] HIHL. MY ORI BTN 5[D]. K& . AR

K2£.2015.

(90 {52 il el hAE 4 SR WL Be it LR B AP R (D], Kb - il
Molk B4 K2, 2007,

[10]  RERFR. 3T 58002 0 @0, E 2%

Tk .2008,7.48-51.

C11] b, b 5 i = 2 el AR 2 A 4 o ) 1 5 3 A F 52 [ D]
dbatdb st ol K2, 2012.

[12] T M. 4 M 7 5 Z A 9 46 6 0% 20 B 5 3% 0 % LD, 48
M AR AR BR R A, 2015,

(137 J& 3 3. FE AR A 4 FhoAE % 3 C ML J6 50 b B AKO A,

2008.

[14]

[16]

N2 Jb 5 3t X RK (8 B A 6 % 1A 5P AT S LD .
Jemt b kol R, 2015,

iR N R T & R S U S R CR
MrlId. PG bk e 2 4, 2016, 31(6) - 289-294.

CUI X Y.DUAN Y G, LU Y,e al. Ornamental value and
landscape characteristics of the seasonal aspects in autumn in
Hangzhou[ J ]. Journal of Northwest Forestry University.,
2016,31(6) :289-294. (in Chinese)

W 08 o AR AT o S8 R, A AR T S T MR R 4 M A B HE
TEAL Y BCE P i LT ], 35 ARl K %4, 2011, 33(2) ¢
189-194.

CHEN S P,DAI X Z,GUO T J,et al. Phenophase of land-
scape trees and its application in disposition of plants in
Changchun City[ J]. Journal of Jilin Agricultural University,
2011,33(2):189-194. (in Chinese)



