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Optimization design and kinematics analysis of the robot arm of orchard lifting platform

Wu Yaniu', Liu Xiangdong?®, Zhang Jiaxi', Zhang Ping®, Wu Yacheng*
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Abstract: In order to make the working space of orchard lifting platform meet the working requirements of walnut orchard
in southern Xinjiang, according to the cultivation mode and tree parameters of peach trees in the orchard, the optimal
design, calculation and simulation of the half-arm lifting device were carried out. By analyzing the requirements of
mechanical equipment lifting operation and the constraints of crown on working space, a mathematical model of size
optimization design is established. On this basis, based on D—H (Denavit—Hartenberg) parameter method, the linkage
coordinate system of the folding arm lifting device is established, and the simulation model of the lifting device is
established by using Robotics Toolbox in Matlab software, and the forward and reverse kinematics analysis of the lifting
device is carried out. The workspace of the lifting device is simulated by Monte Carlo method, and the trajectory planning
simulation and analysis of the lifting device are carried out. Theoretical analysis and simulation results show that the
optimized folding arm orchard lifting device has a reasonable structure. The height of the working space is 980—4 728 mm,
which meets the requirements of orchard operation tasks and provides a theoretical basis for the subsequent design and
manufacture of the physical prototype and the dynamic analysis of the lifting device.
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Fig. 1 Three-dimensional model of folding arm
orchard lifting platform
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Fig. 2 Elevation view of lifting operation
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Fig. 3 Top view of lifting operation
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Fig. 4 Schematic diagram of folding arm lifting device
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Fig. 5 Main view of the target workspace
TR AL F 7KK A I, A B i 4 R S LA
R S it AT 3 DX A FE R /IN I TG R R SR i HG T gk
DIl R AH L L A A 185, R MATLAB 22 il i
Al b R Ml A - 1 R P T A T R O
i [, i 6 s, b RE SRR AR ML T SRR SRR
VR B, Xl 375 T

Be #HMEIMEZEERATME

Fig. 6 Distribution diagram of discrete points
in workspace of manipulator
TEME 6 L Pyl 1Y 3R B B N HLE W) GRS 00 (Y
7 B Rl B R R 2 4 T 58 e A BoIR A
LR T [ AL T8 R Ml s ) A e e B,



5 4 3 A 2 SR PE TR 5 U DAL BT 5 32 3h 2 A 25

HET 5 h Z A, BETFE A TRPIRE, Mk
b b AL T 5 4 AR A AR ML B R FE R g ik B
e KAB, FOR 31 450 R Py 5 P AL 35 Ak T e K il g
ARSI, PR 0 3% £ 3438 B R AR B A R i 3k
P YR N 52 2 eIt MR 3 Ab Tk ARAS B,
PR N (9 5% £ o 3k B0 A VR bR 09 2K i a5
P,o K 6 TN, 2 R ORFF AT ARSI, Sy 1 2 AL
H ) TAEZOR, R SR s ab R T — & i R4, B
e AR TR & B H A — 2 i PR 42, I -
25 b 35 AT LUK B BT 7 1Y TAE X

545 1 5 R 6, 4R 4 3 U T RO 6 6B
R VL K, FHEALI LA 6 DM RAE R AF A8 4, 43 5]
AR R Ly AR B L, S K L.
T % RS A 151 B AR L R B B % B R AE o AE L B
BN Buwoe B LiLo Lyt OB TE R AL X
A GBS EAE B X (D) s .

X=[x(1),x(2),2(3),2(4),2(5),2(6)]"

=[Li, Lo Lsyhy O Brve I (1)

2.2 EMNBHREH

BEXT AR AR AL SRl o B VR ML 3R 8 , LAPR RS T
FEMLAELE T A 23 8] N 22 4 AT 4 b 58 BOME SC AR AT 55
H A%, i BT 225k gy frids 19 B AR i 3, R 2 B
ATy 20 T e 8 45 38 o 1 RO #EAT Ak . i
VEMPZER A AEOL T , 78 SC5E 44t B i B 5% 38 40 i 1 A1
H A R B, (37 X B ke B AR AR RS BT o A 5 1)
SN I, Pi Ak B AR R B an = (2) s o

S1(X) =minSy, =min(h X L,) (2)
K :Sy—— K 5 RIS 0 AR,

(7] B, Ay el 2 7 R el T O £ B T R Y
JoT i, E U R AL 9 AR ZE R R BB A A
1 5 4 RUSE R g /0N, B R e 3 00 4 4 B 22
IR B de /N o PRI, TR T R e R ) A A R B B
S/MEREAL B A5 R, =l (3) s .

f(X)=min(L,+ L, + L;+ h) (3)

i LR 2 A~ HAs sk 805 , AT LLE X 2 A4 H s
ORI ECHEAT 3 BINAL  FF 2 A4k B A ok U Ak Ry B —
H b5 A1 R, BIAR 35 45 H A R B0 2288 B 25 7 AL
HRB AR — T E AR ek g = (4) PR .

f(X)=min [ w, /i (X)+ w,+/2(X) ] (4)
AP ww,—£A(X) LX) X TF 5 — H br ok 5L
LX) B

P T 7 S B i v, R R A R X R R AL R
B8R A A B B AR eR B (2) AL TR R B
s PRt AR B w,=0. 6,w,=0. 4,

2.3 #HREHG

FEACAC BT 2ok B2 oy, 2 SRS 0 — ARl 5 K
95 S 1 25 A 2 500 LA A R R A R R AR Y
Xof 1 X T R e HEAT DL AL I, LR G IR AR L =
() 295 25 R0 L SR FNAT R 2 46

1) R ORAESTE X R  T B & TAE L R T
W= B H=4 500 mm, 454G K 5 @7 R T+ AR
- 15 B K Ml ey B 2 PR R A, =X (5) R .

G (X)=f+h+ L sinc,, T+ L,sinB,.—=H (5)

2) R ORUEAT R KR T T & TAE VL T
KA 4 Ro=1 400 mm. %54 K 5 xF 37 201
FEl TH % 57 & de KR L 2 22 HE S R A 2 R eR 4k,
K (6) o

G, (X)=—L,c0o80pu+ L,c08 Bt Ls=R,.(6)

3) M 1A, NEEHLES ) B MR B R K
JEE R KT T AR B, Sy B T ALV B A T
WA 2 E KT 400 mm. 45418 5 3T TR
BLAE FF K 2508 8 57 PR Ak 29 R R 85, an = (7) T

G,(X)=1L,— L,>400 mm (7)

4) A E 2 FRE 3 R S LR AE AR A AT B8
IR AN 5 R AORE 22 fioh, D0 230 fefE AL L AE A7 B RS B Y
JEE 71N AR A 5 A1 i 000 A P9 - 49 08 BE o TE UG Al L X
FEHLI = B S AL 29 R A, X (8) BT o

G,(X)=f+h<1200 mm (8)

5) 454 &1 A S Al g, Sl LR AR iR A
T TR SR vt 5 TR OR 4 — T B R IO B R Y d
AME R 200 mm, D)X B B Y 245 1) 8 ST 00 Ak 29 B ok B,
M (9) i .

Gs(X) =+ h— L;=200 mm (9)

6) AR 4l A 2R B AR T R 0 RS R R
HLAS A B K, R B Ay 3k 10 2R e T B ARl SF & B Al
B SRR AR BT B R HR B L RO A T T TR 46 E 4
BIL AR R K B2 AN T I IS AR R BE B o R R AR L
1R, I3, il i A AT TR E R A DG B
BRI L AR R R B f o 0°~T70°, i
S HUE

®1 STENVERALAFEHEE

Tab. 1 Initial value and allowable range of each variable

BT WA A AK 1
R MK E/mm 2 000 (1 000, 2 300)
ek HE K EE/mm 2 500 (2 400, 3 000)
CE K /mm 820 (600, 1 000)
TR JC A 155 B /mm 420 (300, 600)
e TR fA/ () 70 (0, 70)
FEME e/ () 60 (0, 70)




26 AP R

2026 4F

2.4 RILSHHIKRME

b TR & 80T R B S AR TR H
i 22 0 AF 2 P e B A AR IR AT, Sk 28 ) A AT LA
MATLAB i A6 550k T AR R Mg o™ . ¥ B AR
o bR BN 29 TR pR K (5) ~ 3K (9) BB AR B 19 2 803
BB E R T RAR . BRGNS R ECH
100, 5 & ARHCH 500, 28 HESR N 0.9, 8 Sy
0.01, iz 17 8 f& 5 ik ¥ 47 e 00 2 BOoR iR, 45 21—
w2 PR

®2 BEEEMGRALER
Tab. 2 Optimization results obtained by genetic algorithm
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Tab. 4 D—H parameter table of lifting device
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ay+0.F p,ecosd + p,esinf, = ayecos (6, + ;) -+
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V1D’
D
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k */sz:b
1y 1 (31)
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HEAXGDR
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00562=y=¥=b
b+ RS
(32)
. kl'bz*kz'bl
SlﬁﬁZZJ‘Z?:a
R kY
fif 1%
a
0, = arctan — (33)
b

0 RIS 0 S DA A — A BT
2 (1L 1) RI(2, 1) % 5 73
n,+cosd, + n,esinf, = cos(f,+ 0, + 4,)

‘ (34)
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1 20 (34) 7T fi% 13
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Fig. 8 Simulation model of lifting device
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Fig. 9 Point nephogram of workspace of
three-segment serial manipulator
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