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#*1 REELFED-HSH
Table 1 D-H parameter of orchard platform

KRS o o 6; 1
Joji,;::l?mjger /() ai/mm difmm - 6/) Range{gf:i /(°)
1 -90 0 d, 0 0
2 +90 0 I3 6, [90, 270]
3 +90 L 0 05 [85, 105]
4 -90 b I8 Oy [-115,-75]
5 0 Iy 0 05 [-120, -70]

6 0 Is 0 O 0

H: o GAKRNTS, FED N Zo MSwEF58 X 53 Z e sh i #
) a9 Ziy B Xy $0F) Z BOEE RS, mm: d WU Z BT IR R X 3
XHHRBESS, mms 6,9 X SIEESERGR Z 0 E) XA, ().

Note: ¢, (i is the joint number, the same below) is the rotation angle of the Z;
axis counterclockwise around the X;; axis to the Z; axis, (°); a; is the distance
from the Z;, axis along the X, axis to the Z; axis, mm; d, is the distance from the
X1 axis to the X; axis along the Z; axis, mm,; 6, is the rotation angle of the X,
axis counterclockwise around the Z; axis to the X; axis, (°).

OXYeZs

e 1~6 RIRFR KT 1~6, Xiv Yin Zi (=0, 1, ..., 6) SF5IFIRHF K
Wi AR R OXYZ X, Yo Z U5 Li~Ls RGN EFF 1~5, LK
WIRFIRN I, ~Is, [,=964 mm, L=812 mm, =210 mm, /=900 mm, /5=600
mm; 55| |7 Zonahal, ‘M7 Fonesh i mE s TR SR, “©”
LR TAT FAE SR, <@ s AL brfil R B T-4KTE HJ7 1
Hish, “@” RonALbRiMTEE T 4RI BJ7 F A e . NIRRT A 2
F R E, BINAAR R OcXoYeZs, HLFSHMFTI IR Lo

Note: 1-6 represents joint 1-6, X;, ¥;, Z;(i=0, 1,..., 6) respectively represent the X, Y,
and Z directions of the coordinate system O:X;Y;Z; attached to joint #; L-Ls represents
connecting rod 1 to 5, and its length is /, -I5,/;=964 mm, /,=812 mm, /5=210 mm, ;=
900 mm, /s=600 mm; The symbol “| | indicates the moving pair, M ” indicates the
rotating pair whose rotation direction is perpendicular to the paper surface, “ @
indicates the rotating pair whose rotation direction is parallel to the paper surface,
«(® ” indicates that the coordinate axis is perpendicular to the paper surface and the
direction is from inside to outside, “@) ™ indicates that the coordinate axis is
perpendicular to the paper surface and the direction is from outside to inside. In order
to express the position of platform marker point, the coordinate system OgXsYsZs is
added, and its attitude matrix has no practical significance.
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Fig.1 Coordinate system of orchard platform
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n, =¢s (€28, +8,65¢,) +85(C,04 = 5,658,)

n, =s8,(c,cs —5,55)

0, ==C5(5,¢, +¢,638,) +55(5,5, —¢,65¢,)
0, =¢5(Cy0, —5,638,) = 55(C,8, +5,6,¢,)

0, = =5,(5,65 +¢,S5)

a, =—c,s,
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a, =-s,s,

a, =¢

P, =hecs+he,(1=53) =1, (5,5, —c,05¢,)
=L (c5 (5,8, —C,05¢,) +85(8,¢, +€,648,))
p, ==d, +1,s,¢; + s, (1=53) +1,(¢,8, +5,65¢,)

+(cs(cy8, +85,05¢,) + 85(c,00 — 5,635,))

p. =l +1Ls, + L, +1,s,¢, —15,(5,5, —¢,C5)
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R 0XoYoZo [ Xov Yo Zo Ji10)s Dy Dy D 53 N6 255 SR BLAR AR
X, Yy ZI7HEIEER, m.

Note: Taking the projection from the column to the ground as the origin of the
initial coordinate system Oy; X, Y, Z are the Xo, Yy, Z directions of the initial
coordinate system O¢XoYoZo; Dy, Dy and Dy, are the distances of the ideal
workspace of the platform reference point in X, Y and Z directions, m.

A2 Feh#sBEAIHENFER
Fig.2 Schematic diagram of orchard platform reference point
ideal workspace
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Fig.3 Platform reference point workspace (uniform distribution )
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Fig.4 Distribution simulation of uniform distribution
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Fig.5 Distribution simulation of arcsine distribution
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Fig.6 Platform reference point workspace ( arcsine distribution )
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Note: 24 is the search step length of the program.
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Fig.7 Schematic diagram of gridded space
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Dy = Vina = Vi (13)
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Fig.8 Boundary fit curve
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Table 2 The minimum and the maximum of platform reference point workspace

R TS it AT Before improved /mm i3t 5 After improved /mm

Test number Xkmax Xkmin Vkmax Vimin Zjmax Zjmin Xjemax Xkmin Vimax Vkmin Zkmax Zjmin
1 1212.1 -1219.6 1218.2 -120.2 15324 749.9 12143 -1222.6 1221.0 -135.2 1533.6 749.2

2 12139 -1218.7 1216.7 -126.5 1531.7 750.6 12143 -1222.3 1220.8 -135.7 1533.6 749.2

3 12128 -1218.6 1218.5 -126.4 15329 750.0 1214.2 -1222.4 1220.7 -135.5 1533.6 749.2

4 12122 -1219.7 1218.6 -126.1 1532.0 750.4 12143 -1222.5 1221.1 -135.7 1533.6 749.2

5 1213.6 -1220.1 1218.3 -118.4 1531.7 750.8 1214.2 -1222.6 1220.8 -135.7 1533.6 749.2

6 12122 -12183 1219.1 -127.9 1531.7 750.3 12142 -1222.6 1220.7 -135.8 1533.6 749.2

7 12126 -1219.6 1217.8 -121.9 1531.6 749.6 12144 -1222.7 1220.9 -134.9 1533.6 749.3

8 1213.2  -1220.0 1217.7 -118.1 1532.1 749.9 1214.2 -1222.5 1220.9 -135.5 1533.6 749.2

9 1211.5 -1219.5 12184 -127.6 1531.3 750.2 12143 -1222.5 1220.7 -135.7 1533.6 749.2

10 12119 -1220.7 1216.5 -127.8 1531.2 749.5 12143 -1222.7 1220.7 -135.8 1533.6 749.2
FME Average value 1212.6 -1219.5 1218.0 -124.1 1531.8 750.1 12143 -12225 1220.8 -135.5 1533.6 749.2

Djy~ Dy Dy 2432.1 1342.1 1531.8 2436.8 1356.3 1533.6
1% 272 10.53 4.26 2.53 9.58 415

T Ximax 5 Ximins Vemax 3 Vimins Zkmax 43 Zimin PN TAES A M ATE X, YR Z 7 EBKAE . e/ME, mm; Dy D D NFESH S TAEERITE X, Y.
Z 7RIS, mm; e fA AR TR 2 A S AR AR A TR R 22

Note: Xgmax and Xgmin, Vimax a0 Vimins Zkmax a1d Zgmin are the maximum and minimum values of the workspace point cloud in X, Y and Z directions, respectively, mm; Dy,

Dy, and Dy are the distances from the platform reference point to the workspace in the X, Y, and Z directions, mm; » describes the error between the reachable workspace

and the ideal workspace.

WRIER 2 B A & 275 m AR AR a3

HZERR, SEFEsHEL X Y. Z =D RS
8] 2 53 28050 BN 2.53 % 9.58 % 4.15 %, BSR4
WIFEAK T 6.92 % 8.99 %. 2.64 %, TN G4 T
2% 8] B I AR A2 1)

3 LK
IR &
S AR A SR B VR LT & 5 BEAT B B i B R
5 AR it & DS sl 0, %

3.1
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W] 40 us) BREFFE 5% A E; KA BEE)IHETR
FABRAR ) ZCT230M i1 CHEREE 0.05°, #dimid
RS485 #Esm ) M E M EL e M KA HZA Panasonic
2Ad HG-C1100 BOGA B AL RIS Sl Aife &, K5RE
0.01 mm; M4h, BEFERHER LB FREAR AR
VC-400HSS BEidffss)] (400 Ws) . ZARHY JK-100F &
FIEHK M (DR 01 %) « BR. BR%,

x3 REMELTFEEERASY

Table 3 Main parameters of orchard platform

2% Parameters 15 Values
it #2) 77 Supporting power /kW 17
RENNUHE % Rated rotary speed of tractor /(rmin™) 2200
H /NG5 Y442 Minimum turning radius /m 1.6
T K TFF% 1 Maximum lifting height /m 1.5
f KR # 0 it Maximum bearing mass /kg 150
WL & Total mass /kg 1360

3.2 MEABRKGE
3.2.1 B4 AHE S ERIZKE

Ml CRolUA =88 J77%)  (GB/T 5667—2008) 1
BT P E 5% A BRI, WiFFGiash =Bl
HERATE . BT R R R A PR, = AL
AR 6 5% 55w Biash, HITE Rl kK
SRR S0 vl A T TR, i 9 Bl
1 B EREARIGIS, RIGHS R 2019 45 10 H .

2 3

LREEFE 280800 3. Mgl 4. A
1.Orchard platform  2.Camera lamp 3.High speed camera  4.Computer

B9 fxERIZRLIY
Fig.9 Position tracking test site
DRIRERLVE [0 B A R S 2 BRI RS g 4l
(e e SRR Pl L ORA5 T 87, NS P Yo 4 R %

b. Xgmin

C. Vsmax

LIAE 200 RG 3HLAE AR SIRE SR GBI

a. Xsmax

I A A AR e (0, AR S TAEG Z 1A
s f (0s) , R EEBEHURES T 655 A, ihdE
5681 M1, LAEIRE 1 136 g &g, Wk 10 Fis.

1

a. 1M

a. Frame 1

b. %5 1137 W
b. Frame 1 137

c. 5227310
c. Frame 2 273

d. £ 3409 i
d. Frame 3 409

f. 55 5681 i
f. Frame 5 681

LGS 2 THREINGT 3 HHEEFIGT 4P 62% 5 S/l 6. TIEE 7.
AR AR 8 A T i

e. #4545
e. Frame 4 545

1.Beam 2.Lifting cylinder 3.Longitudinal leveling cylinder 4.Platform reference point
5.High speed camera lamp 6.Platform 7.Inclinometer 8.Cross slope leveling cylinder

B 10 FHeEgEg
Fig.10 High-speed camera image

3.2.2 FEAEE TR RE

FIRTG- 6 275 miAE L br A 1) TAEZS 18], 2020 4
6 HAE L ZR A MY R 2 el 25 556 kb S el 1E AT I3 156« 1%
R BRI, TeRbE A, WS 8a, MIENE M
PRI, MRATEEN 2 mx3 m, “FXHE AN 3.5 m, P
7R 2.4 mo WRIGRTIASEIRE R 32 °C, @t py N
PR, )R IR IKELN 18.7 %.

PL D-H AFRJE N SERRARBR R 55, 1 % [m] 5 <2 AR
FHELRES, 2Rl EF 6 5% S TAEZTHE XL Y.
Z =N AFTRER B B B Be/ME, W 11 Fios.

€. Zymax £ Zmin

d. Ysmin

1.Vertical column 2.Dynamic system 3.Frame 4.Solenoid valve 5.Slewing bearing 6.Tracked chassis
T Xomax T Xomins Vomax T Vomins Zmax 3 Zomin 7 HASEBR TAEZSGLE X 7). Y 7 AN Z J7 100 e R MBS/ ME
Note: Xsmax and Xsmin, Vsmax a0d Vemin, Zsmax a0d Zgmin are the maximum and minimum values of the actual workspace in X direction, Y direction and Z direction respectively.

B 1l F&AHEE T ARBILE

Fig.11 Limit position of platform reference point workspace
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3.3 MEHERSH
3.3.1 FEAHEELLEHH

MR R BHEALIF R 1°F & 55 fis 2R EUE A5
FACAFR R, 520K 10 s RS EG R 6 5%

RY R Z J7 R AARE RO 6,5 05, [RIRIEE S0k
ARG AR R AL, HeF &S5 0500 X J7 R B AR
o HHFENLSERNALS 2541 d)=0 mm. 6,=90°. 6;=90°,
RNEBEERG V-GS S Y Z 7R T RAE, Wk 4.

F4 SWMMEHMTESES Y ZAELRENESITEE

Table 4 Measured and calculated values of ¥ and Z coordinates of platform reference points corresponding to each frame

KM Joint angle

Y 44%5% Y coordinate /mm

Z M:bR Z coordinate /mm

Wi 5

N \ Y i \ Yoxi2

Frame number 0. /(° o SEPIE A okl SEME T ok

4 /(°) 05 /(°) Absolute Absolute

Measured value Calculated value difference Measured value Calculated value difference
1 -75.0 -120.0 714.0 714.1 0.1 1428.0 1429.4 14
1137 -78.0 -116.1 735.0 734.2 0.8 1380.1 1381.2 1.1
2273 -80.9 -112.1 753.2 753.7 0.5 13282 1333.7 5.5
3409 -85.2 -106.9 770.3 771.1 0.8 1262.4 1264.6 2.2
4545 -89.4 -101.9 783.0 782.4 0.6 1194.8 1197.1 2.3
5681 -95.0 -95.0 792.4 792.4 0.0 11159 1116.7 0.8

FHER 4 A1, BT ixt SifR Y 5 AL Z 7 1 ek
ZEE 598 0.8 F1 5.5 mm.

RNHER TR IR BB K SRR & 5% AiE s,
FIH Tema AT ARG 1 6255 Sl B AR, LA
U JE SRR RIS T SRR Hia sh 2 IR AT IR, R
MATLAB Z:Hil]*1- & 2% sig sk, Wk 12 fis.
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12900 e /
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13001
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1

11315
1200f e N

\ 1310 /
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7

N
~

1150} ~— -
e o o o llffiMeasured value
15 {f Calculated value Y/mm
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B 12 F& A% ESEaE Lt
Fig.12 Measured value and calculated value track of platform
reference point

M 12 7751, P65 s SEME S TR A
&, MZAN13144 mm i, YEZEMEEKAN 1.2 mm; X4
Y 4 763.6 mm I}, Z{EZEEKR AN 6.2 mm, KIizzh:
R SRAFE TV 1R
3.2 FEAE ERRIAEEE A

65 22 bR TAEZ AN

sz = Xsmax — Xsmin

Dsy:ysmax_ysmin (15)

D = Z smax

5z

A Dyr Dy Dy PGS A 3Lbr TAEE T X, Y.
Z E/I\jj @EE%’ mm; Xgmax ‘—5 Xsmin > ysmax 5 ysmin‘ Zgmax

5 Zonin S BIASERR TAEZSIATE X J7 10, Y J7 AN Z J5 1)
10 KB Se/MERFIME, mm.

VAR B 8 SORFI S EDIRAS HET 10 GRSE, W&
BB SR TAES AL Xy Yy Z =D R Al
B/ME, FEREURKE SMERPFEARANRK (15,
#3: Dy=2430.2 mm. D,=1346.0 mm. D=1 533.7 mm.

R 237 2 5 250 7' =(| Dy - Dy| 1 Dy)*x100% (j = x
ys 2o FIRED A r"=(| Dy- Dy| | Dy )x100%753 5 i3k 52 b
TAEZ ) 5 B AR TAE A7 A FIAT ik TAEZS (a2, ISP
62 2% 552 A 2 1) 5 AR T4 2 () AR Ik A 23 1)
[RIXF LN 5 B o

x5 ZIHRIEFESEETIEEEFALETETEA L

Table 5 Actual workspace compared with ideal workspace and
reachable workspace

77 1] T{E75 8] Workspace /mm 75 R4 Coefficient /%
Direction D, D Dy r' "
X 2430.2 2 500 2 436.8 2.79 0.27
Y 1346.0 1500 1356.3 10.27 0.76
V4 1533.7 1 600 1533.6 4.15 0.01

e Dyv Dy Dy 53 BIFOR bR TARZS ], BRAR AR 25 (Al ROl ok AR 22 0A]; »
5 oy IR S bR TAE S 8] 5 AR AR 25 1) S bR AR 25 8] 5 A0k AR =% 8]
IR ZE o

Note: Dy, Dy, and Dy, represent actual workspace, ideal workspace and reachable
workspace, respectively; ' and " respectively represent the error of actual
workspace and ideal workspace, actual workspace and reachable workspace.

MR 5 oI5, 655 stbr LIRS )5 AR TAE
T ZEFRK, YRR, &5 10.27 %, FEFERHRAE
TRV FENLR U EAT FEAIAR =, ARPE S EERIED, HEE Y
JiFCARTEETT ), X SEBRPENLEEIA K 5 AA TAE =S
B ZESSBN, Xy Yy Z =R EZES R oy
N 027 Y% 0.76 %A1 0.01 %, 2B k5 F
W& ITIE AT TAE 25 181 3K

FAMRIE R, RS HIIS AL, BH 5
HELRSEIER, TR E B SRR I
FHEERE; FhEEs LR, AEMF & m T = AR 3R ) .

4 4 &

1) ASCELRTHmH R EE (-7 GO TEXT R, A
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Workspace analysis and experiments of orchard platform based on
D-H method

Li Zhao'?, Fan Guiju'”*, Liang Zhao'?, Niu Chenggiang®
(1. College of Mechanical and Electrical Engineering, Shandong Agricultural University, Tai'an, 271018, China; 2. Shandong Provincial

Key Laboratory of Horticultural Machinery and Equipment, Tai'an, 271018, China; 3. Shandong Provincial Engineering Laboratory of
Agricultural Equipment Intelligence, Tai'an, 271018, China)

Abstract: In recent years, due to the transfer of rural labor and the increase of labor cost, there have be more and more
researches and applications on the orchard platform which was used for assisting artificial works. The workspace is an
important index to measure the organic integration of orchard platform and orchard planting mode. The researcher about
kinematics and workspace analysis of agricultural machinery or agricultural robots was few. The values of the samples with
the traditional Monte Carlo method are evenly distributed. In the course of the mapping process, the non-linear equation
‘stretches’ or ‘compresses’ the uniformly distributed intervals, which results in uneven distribution of the boundary position of
platform reference point. The sparse point cloud and large ‘noise’ makes the workspace boundary inaccurate and thereby
affects the optimization of mechanical parameters of orchard platform and other follow-up researches. In order to improve the
utilization rate of orchard platform’s workspace and make the operators more comfort, a kinematic model of orchard platform
based on the D-H method was established to deduce the positive solution of the platform reference point kinematics of orchard
platform and analyze the workspace. In view of the problems, such as workspace boundary fuzziness of orchard platform and
point waste etc, an improved Monte Carlo method in which the domain of definition was of the U-shaped arcsine distribution
was proposed, and a gridding algorithm was used to analyze the workspace generated by the ones before and after improved,
then a cuboid was constructed which was divided into several subspaces along the direction of axis Z-Y-X contained all
simulation points. The boundary definition therein was obviously improved, the number of boundary distribution points of
workspace was increased by 23.74 %, and the area of the bottom and the top boundary layer was increased by 180.70 % and
102.69 % respectively. By taking the mean value of the workspace generated multiple times as the reachable workspace of
orchard platform, the spatial difference coefficients in three directions were reduced 6.92 %, 8.99 % and 2.64 % respectively
compareed with those before improved, which indicated that the workspace after improved was closer to the ideal workspace.
Through the platform reference point position tracking test, the measured value of platform reference point basically agreed
with the calculated value. When Z was 1 314.4 mm, the maximum difference of Y direction was 1.2 mm; when Y was 763.6
mm, the maximum difference of Z direction was 6.2 mm. The results showed that the kinematic model and the solution method
were correct. On the actual workspace test of platform reference point, there was larger difference between the actual
workspace and the ideal workspace of platform reference point, which was maximum in the direction Y and it was 10.27 %,
but which between actual workspace and reachable workspace was less and they were respectively 0.27 %, 0.76 % and 0.01 %
in three directions, indicating the one of analyzing workspace by improving the Monte Carlo method was effective. The
research can provide the theoretical reference for orchard operation platform’s structural parameter optimization, smart control
and workspace analysis of similar type of agricultural machinery.

Keywords: agricultural machinery; kinematics; workspace; Monte Carlo method; D-H method
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