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Abstract

Free-obstacle motion planning of a tomato harvesting manipulator was studied based on a pseudo-
distance approach. An optimization technique and alternative approach using a forward kinematics was
applied to solve the path planning, which was modeled with consideration of manipulability measure
maximization and obstacle avoidance for links of the manipulator. The simulation results show that the
tomato harvesting manipulator can avoid obstacles successfully and reach the objective position along a
specified geometric trajectory with optimal manipulability. The joints displacement varies smoothly
within theirs limits. The position absolute error and moving rate of the end-effector are 0.87 mm and
0.18 m/s respectively. the harvesting manipulators can fulfill the accuracy of tomato picking with well

working efficiency.
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Fig.1 Mechanism and links coordinates of a tomato

harvesting manipulator

2 BRI TR AR R

2.1 fHEEES kR R

PRI R PP L T FAT R — s S e
Z AN B R FEAS AR F A BT R BIOR 3 i i
(E271E IO W LK NE AT 8 Sk T
), SRR A I 3] A 2 T S AL T B OC R R
HEREOE I SRy i Tl o A AR 1] A 5
e, P 52 Z IR ) 40 AR A 4%, B A 1K
AL, et PR R Ak A 1 R Z M AR
NN DT R/ R R L7 b & i NN LY i
Oxyz H, B9 S5 UM TF EFT ¢ 7 Oxy 1 %
AN 2 Fis o

74 BUBRTHE i
L] 28 MR
0 3
&2 HUMTERT i SRR B &
TP ERR B

Fig.2 Pseudo-distance between link i of manipulator and

an obstacle with ellipsoidal shape

BRI R BRI N S(X) =0, % F=5
A B — A X, WG R PR T 27 S (X)) <0, M A3
Xo TEMRERIAIER ;45 S(Xo) =0, M5 X fEMBRAAR
M A S(X) >0, X, FEMERIRSM

B, S(Xo) f5AR T FEfg ¥ 5 U T Z 18] 1) 4%
IEFERE , HBRIE S(X,) >0 R a] SEElbefs
2.2 EEfERERIENT

WAL A R ER PR 2 1 AN

(x ;gco)z . (y—bzyo)z (= _CZZ())Z 1
X 20 3020 BRI DT 20y 2 AeFR
a.b.c WHERIRR 2y =
MmEIEAFRR A
X'gx+B'X+C=0 (2)
Hor X=[x, y, =]"

Q =diag[1/a*,1/b%,1/c%]
B=[—2x¢/a*, —2yy/b*, —2z/c*]1"
C=23/a+ /b2 + 23 /c*—1

=0 (2) I, Q B A C ¥IhH &,

UM & ¢ AR — S X AT RR A

M=N+ AU (3)
A M—O0 # X wyHE
N—10 2| O; Iy &
U—0O0,; 3| O;, i
A—H RE(0<A<1)

MU TFEAT LR — S X SREAYZE

PR

S(X0)=Xi0Xo+B' X+ C (4)
FHmEIEAFR, X () EERTRR N 2
HIEELV(A), B
VA =(N+AU)TQ(N+AU) + B"(N+AU) + C=
AHAUTA + W, (5)
Hrp A =20N+B
W,=NQON+ BN+ C
RGN 2 (S) X A KT I I
FTE A

d‘ég’” —2AUTQU + UTA, =0 (6)
ZH o o 1 UTAI
: A=k 7
¥ A=Ay 2 UTQU (7)

WE 2 P, B 5 X, LA T8 41 I 5 b
HIBGE A, T X, FR A e
X, =N+2a,U (8)
£ X,—0 FH X, i
M A, <OBF, A2, =0,80 X, AT O; kb
ML A AL =1,80 X, AT O Ak



BH11H

BEE RS B T3k b 12 3l L) 91

W X, B NPT E g RS T2
PUBT-EFT @ 5 RS9 Z 8] 09 e/ MAEE 254
Hy(q)=5S(X,(q))=
X1(q)0X,,(q) + B'X,,(¢) + C (9)
Shy I 2 R R SR de VDR R B K T R
A XS R E] A 1R BE B L, K2 (9) 3
TN A ANEE I X B 2 o5, Ry
- S(X,,(g))+d*><0 (10)
3 EEIEZHK
3.1 EBEHFEERFEE
WRPLAE T 0 B A n, TAEZS W 4500
m,H rER™,qER", 4 HINAT 55 75 [A] A8 & AT
23 (AR, WIAE ¢ B ZIMLAR T 1532 8h24 05 Fi ] #6oR
H

ri(t) filqi(e),  qa(1), v ()
)] ARG, (), e g, (1)

r()=| " |= .
r(d LuCqi()y qa(e), =y (1))

(11)

KADR—ALL () A LL 7 (0) Jki i

MZMAZHIM ARG, 47 ¢ () FE ¢ + A BEZIH G
AR N

qi(t ¥ A1) = q; (1) +Aq; (1) (12)
W 2+ Az B 20038 sl fE N
ri(t+Az)
ro(t +At)
r(t+At)= . =
r,(t+At)
Flg () +8q1(),  qa(0) +0ga(2), (1) +4,(2))
LA ()+8q1(),  qa(0) +0go(2), (1) +Ag,(2))
Tulqi()+8q1(2),  g(0) +Aga(2), g, (1) +Aq,(2))
(13)

W ¢ B 2T ARSI T2 28 AL B AR RR
FRRPFRIRHA () (2=1,2,,N) , KT
WIUG L VAT, 38 Bl R0 K00 B A 2R 11 S [ 81 J2 oK fi
Agi (1) A r (2 + Az )T 2 TR I A ST T 287
B ore(t+A0) o ARERGHATIRAE ¢ BIZIWE
IR E , BRAE £ OG0T Ag; (1) I R ARTE L, TR
FE AR Ui AT i A LR 15 2 ARV I [ e R IE 455G
WHEH RS E Nz 3l KA EiR B 32K R
AR S RALAHZE & W 073, $EAT B AR LR T
PTP(A B 5z s Rk

3.2 iRz

R BEAR LT AR A5 A BIR A , ol ) B 0 0 %o LA T
RIGESFE TAEPERE Y52 0, 358 DA T A 48 4F B 4
B A iz sh LRI DL AL A5 7Y 1) E A ok %k, 8 57 bk e iz
SRRy

rg;(a{))( O=H,_(q)=+det(J(q)J"(q))
r(t+Ae)=f(q;(t +A2)) = f(q;(2) + Aq;i(2))
lre(t+A2) —r(t+A1)[<p
S(X.(q)) +d2<0
|Ag; (£)|<<M;
Li<<q;(¢) +Aq;(1)<U;

A

(14)
K o—— WU T AT HRAESE
J Cq)— DB T-HE AT FO SRR
oAUt AT A% 15 SR
L, U—%&X1izsh £ TR
WLAEREE A — B, FH BRI 2%,
Kl 3 fis o TAE R b, BT T8 5 R o hAT %
Pyt SRR, A SCAAIUAR T3 AT 5 A 9] 158 ) sl it iz
SRR
3.3 (hERAK
FAEWOCRALIE T AR, 3 5 1 o F 2T
PEIX, A 550, 98 IR R i, OO 05 08
{8, HA AR AU T BT 10 P A9 I8 S, A R o
PATEOIE RN 1.2.4.5.6 MRE (DLW T T
JLSTTT T XL E TCR ) o AR T 52 bR RS 5
WFRALE, v 5 = J7 a4 523 8] 30 500 0 B E
(0,1.505)H1(0,1.385), WKT 0;=n/2,0;,=0,
HR4E Denavit — Hartenberg A b5 £ , 38 15 55 I AL e ik
LT A R AR T 1Rz 322 0  f
ri(t)=2=0
ro(t)=y=—(lg+h)cos(O,+ 05+ 0¢) —
[ssin( @4+ 0s) + lusin O, + ds + 5
r3(t)=2=(lg+ h)sin(,+ 05+ 0g) +
Lscos( 04+ 0s) + Lycos 04+ I35+ d,
BRI AT 2 IR OB ro = [ 20, y0, 20 =
[0, 0.70339,0.87248], HFp i &N rq=L24, ya>
2¢]=10,0.5,0.7]c UNRBCEARGINAT 4318 S B
H—HL TEVIIR AL E 2 B E W I8 3 2%
Bk N, WIS TE E A AR F BB Sk
ref(t)=ro+k(rq—ro)/N (k=1,2,--,N)
ia SRR (X (14)) T BRI U6 S 8050E
W FJABORI T X IGRE R [ dy, da, 05,
04,05,06,0,1=10.1,0.1,7/2, n/3, — /2, n/4+




92 & Ak MO ¥

20084

7/2,0],p=10.002,0.002], 8 d,=0.44 m, FEi54)
B E (20, vo) = (0.45,0.65) , B 54 40,45 W
[5] F)F B A B3 @« =0.05 m, 5=0.04 m,
3.4 FEERSH
TEMIREIRI IR ZOE TR, T O LA T3k s A1 G
i SR B4 R 3 R 4 FoR, REpEis
G AT B SiEghR 2z E 5 FE 6
Fis
0.9
0.8
0.7
;f_ 0.6 €E
& 05
=04
§ 0.3
0.2
0.1

(0,0.5,0.7)

001 02 03 04 05 06 07 08 09
27 A7 Em
B3 MU i s sl R o 48 15
Fig.3 Successive configurations of motion

planning with obstacles

(0,0.5,0.7)

0 01 02 03 04 05 06 07 08 09
Z 37 A7 /m
Bl 4 HUARTTCRE G-Iz S AL A 25 1
Fig.4  Successive configurations of motion

planning without obstacles

B 3 FHIEL 4 A1, DL BSOS FLAR T w] 454 B
I KA BAR R E, SR FH DR BE 2 dht i 1 1 732 2l B
R, BEAE S AL T R 00 2 o7 2 0 0 %452 1 2y )
Hbrfr g, BT T s RERE , (0 B T R
FETE , TORERG 5 it iz sh R v 4% e 15 AR fb i AR Tl

L S 0, BT 25 DG 19 (i B AR ST, R
BT BRBLS . I 6 F, 3B SRR de R 4
XFERZENL TR A 13 4L, 24 2. 18 mm, J2& H T It
AT 2 BN BRA7 B A R FH AR R AL
DT AT E B S UL E AR, TR G 7 27 5 o7 5 B AN

RIS AR IR BB AR R IS 1% 7 x4
m AR R B AR AE . PLMT 215k B hr &
B, AR A T 25 400 1R 22 0. 87 mim, 177 7 /i AL S5 4
INTEA (AR D B ) AR A 2 32~ 37 mm A
25~ 29 mm O R T T iR S T iR 22 BN, A
DLAZ TG 00 SR AT T B 005 1l Kt 2% 700 SR 47 P R B 2
Ko HEREZ S B RIEFE R ¢ = 1.496 s, B R v
PATEIB S N 0.18 m/s, WU T A 5 i A=

=
0257 125
R 2.0
g 020 115 3
b= r1.0 HE
2015 105 =
B —— X o= X2 10 2
Z 0107 —A— K14 —e— s | —0s
X ::h@:;;,mﬁﬁfmm
0.05F {-15 K
2.0

8 12 16 20 2
Ry

5 FACRHUBE T 25 015 3% I 26

Fig.5 Joints position of the manipulator in motion
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