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Obstacle-avoidance Path Planning of Robot Arm for Tomato-picking Robot
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Abstract

It is chosen as research object that joint robot arm avoids erect stem or strut to pick tomatoes, and a
kind of obstacle-avoidance path planning method based on configuration space of joint robot arm was
presented. Space mapping principle was used to transform obstacle-avoidance problem of joint robot arm
in 3-D workspace into avoiding obstacle circle problem of planar R — R robot arm. Critical collision joint
angle was used to build up mapping computation models of configuration obstacle space of planar R — R
robot arm, and obstacle-avoidance position computation of joint robot arm in 3-D workspace was
transformed into joint angles computation of linkages in configuration space. After terminal joint angles of
obstacle-avoidance path planning were optimized according to optimal energy function, the obstacle-
avoidance joint angle path of planar R — R robot arm based on A" arithmetic was computed. A series of
intersectant erect planes described space link position were obtained and the planning of other joint was
carried out in the intersectant erect planes. The test of avoiding erect obstacle to pick tomatoes showed
that joint robot arm carried with the gripper can move round linear obstacle and guide the gripper to reach
object position. The test proved that mapping computation models of configuration obstacle space of planar
R — R robot arm were correct. It validated that the obstacle-avoidance path planning method was feasible
and may be applied into automatic harvesting of tomato.
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Fig. 1 Coordinate system of joint robot arm

and its simplified model
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Tab.1 Link parameters of Motoman SV3X robot arm

A fifA B B 0./(°)
i /() a/mm o d/mme g e
1 90 150 300 0 -170 ~170
2 0 260 0 90 -45 ~ 150
3 90 60 0 0 -70 ~190
4 -90 0 260 0 - 180 ~ 180
5 90 0 0 0 -135 ~135
6 0 0 380 0 -350 ~350
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Fig.2 Obstacle-avoidance model of planar R — R robot arm
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Fig.3  C-obstacle space of planar R — R robot arm

2 EREREAL

s 3] 1) A 55 2 A sl o A R ) 29 SRR, SR
SBCHTUAURE 25 1 FF MAA0) 3 5 45 A 74 1 31 2% a5 51 #f
(1 — Z B P IR 1Y £
2.1 MELERXTHA

C AHLBRE 7290 5h 0 LI I 45 61 (3R 1) A
Hbras B RS LR (xy vy, 2)  BEE S5 2 1 U]
PRE NP R BT o, 58 2 5 7E ( -30°,30°)
i % , LA S © 1) B A AN i) I R S 8 4 o W A e R A
FIIA B AR AL B HUARE 1928 6 A, i LR L



174 VA A I O 4

2012 4

5%&

(1) HHs H br s B4 = 6] B MR E 1 e FF
o B A R 22 56 Y 18 Bl 2 a0t i AR A A% Y
2 IR 2

(2) 1 1.2 79 ft 2 ) R R, 358 AT AL AR
H R C —Refiras ) (18 3) .

(3) HEATZ R R M A S, 25 BR AE T 56 A
TR Z SN AE AN (O, , 05) FE C —FRific =3 18] A B A

(4) & IRAE B PG pR K0, BB J b Y A A
B ikl i M3 ) e O SR A o

BsA K AT, 6" 4% FF 26 8 61
,0." K& HEARFRIIR S Lo, A 3 AT LB LK
S API G SR L SCRE R R LR R T N

J=minJ, (k=1,2,- K)

Her o Jo= Y ol -0"1 Yo =1
w, M }0.4.0.2.0.1.01.0101(i=1,2,-,
6).
2.2 EREHK

MR POS E bR A B ¥R T R LG S R
A GELR O, K 4 fros, 2 C 5 =3 ] n &
3R BAFE 2 FEFAT 1 A 3 T S8 ik B A R A
JE L EI AR PRI E R PR RA HAR A B, W
Kl 4 Frs o

ook AR
’ ~ N,
P 4 '\“\ ,
- ~ )
300 AL ‘*Q\Q,:ﬁ‘\\
! Y -~
£l N

200 7

Bl 4TI R— R AURRE 1 sk B R R
Fig.4 Obstacle-avoidance path planning of planar

R — R robot arm
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Tab.2 Terminal joint angles of robot

arm and its value of J rad
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Fig.6  Extraction of tomato centroid position
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