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Trajectory planning of table tennis serving
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manipulators based on improved Particle Swarm Optimization
WANG Cheng', WANG Chaoli' , ZHAO Yiwen’

(1 School of Optical-Electrical and Computer Engineering, University of Shanghai for Science and Technology,
Shanghai 200093, China; 2 Shenyang Institute of Automation, Chinese Academy of Sciences, Shenyang 110016, China)

[ Abstract] In order to achieve fast, continuous and high—precision serving motion of the table tennis serving manipulator under
kinematic constraints, a polynomial interpolation trajectory planning method based on improved Particle Swarm Optimization is
proposed based on polynomial interpolation trajectory planning method. By analyzing the kinematics of the five—degree—of—freedom
ping—pong ball serving manipulator, after obtaining the high—-precision positions of the path points in the joint space, the motion
trajectory of the manipulator is planned by the polynomial interpolation method, and the inertia weight and learning factor of the
nonlinear transformation are used, the search ability of the particle swarm optimization algorithm are enhanced, thereby optimizing
the running time of the trajectory, finally obtains a continuous, smooth and time-optimized trajectory. By comparing the Matlab
simulation results, the feasibility and effectiveness of the proposed method for trajectory planning of the table tennis manipulator are
verified.

[ Key words] table tennis serving manipulator; trajectory planning; improved Particle Swarm Optimization algorithm; polynomial
interpolation trajectory planning method; optimal time
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Fig. 1 5-DOF table tennis serving manipulator
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Tab. 1 D-H parameter table of 5—-DOF table tennis serving
manipulator
*9i a/em «/(°) d/em  0./(°) ST AT
1 0 90 d, 0, [-180°,180°]
2 0 -90 0 0, [-180°,90°]
3 0 90 dy 0 [-180°,180°]
4 0 -90 0 0, [0°,90°]
5 0 0 ds 05 [-180°,180°]




5 4 1]

EA, A BT R TR S S ER A ER PR T B MK 3

e 1R D-H ZHARA LKD), iTRUfE
SR 5 A SR 2 ] AR I

g 0 s OH gcz 0 -, OH
gs. 0 -c¢ ol s 0 c ou
T= ¢ ou, =g P
s0 10 dyy 0 -1 0 0y
€0 o o 1# o o o 1f
803 0 s OH 8c4 0 =8, OH
s, 0 —-¢, OU s 0 ]
=g CoiLir=g o
60 1 ds g0 -1 0 0y
€0 o 1f o o o 1
8(:5 -ss 0 O H
s ¢ 0 Oou
T=e i (2)
g0 0 1 dyy
€0 o o 1H

Fh 2 (2) oA S 1 E T, 78 Lo i
HAETR8 P00 5B 3 5AF  T 4 A  3R 0 2
H:

gn. o, a pj

én Or av pwu
I =TT TT-T=¢" " 7 "74(3)
e OZ (LZ pzu

en
g0 0o o 14
1.2 FiEshEKE
BEXF A SO 98 T A fR EE e B BRALR T, 24 AL
WA I AT % O S B SRS E A B T B
HARAE (4) SRIFSTTFATE 6, .
gn. o a. b
én, o, a, pl

ZT = é ) ) ’ l] =
énZ OZ aZ le’J
§o o o 1
(I)T(Hl) '?T(ez) ';T<03) -‘3‘T(04) 'ZT(QS) (4)

H R A 5 S AR 07 5 P AA-H

01 = atanz(p} - dsa},,px - dsax) (5)
0, = atan2(ds(c,a, +s,a,) = (e;p, +5,p,),p. =
d, - dsa,) (6)

0, = atan2(N./s,, (c,N, +s,a.)/(=5,)) (7)

0, = atan2( =./(c,N, +s,a.)> + N.” ,c,a. — s,N,)

(8)

05 = atan2( (s,M, = c,0,)/s,,(cyn, = s,L,)/s,)
(9)
Hedr N =ca, + s,a,, N, =sa, —ca, M =

co0, + slo),,Lx =cn, +sn .,

S L SR S SR, T DL SRR

JEME—1Y o FTRL, AR SO AR B8 BRI 55 DL AL
KT PR PR A TE MUK T2 LS,

ARICH T TP T o8 B B R BR L R, 7E
WIS X, AR A E X, Z 8 T 2 AN ERAR
X, X, R SERGIEA T R BRI e 45 b B FR AT R L 5
FAE R, AT (75 & BRAT FR SN, 4 A B AR A
fHEREIER 2,

F2 AMBEANCESESRER

Tab. 2 Position and attitude information of four waypoints

AR A (VATESE Ay )
Xy (13.081, - 11.221,18.008,158.481°,9.392° ,172.448°)
X, (34.693,1.136,25.425,164.679°,23.821°, — 172.696°)

X, (54.243,36.587,58.416,138.428° ,36.856°, — 128.512°)

X (18.791,67.665,87.145,134.200°, — 1.141°, - 94.401°)
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Tab. 3 Joint angles corresponding to the four path points (°)

KA 0, 0, 0, 05
1 -43.6 -16.2 14.4 45.1
2 ~165.0 -145.3 -110.2 -92.4
3 -160.5 -135.0 -115.0 -93.8
4 3.2 18.5 30.3 46.0
5 94.9 109.0 124.1 135.2
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Fig. 9 The angular position curves of the first five joints
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Fig. 11 The angular acceleration curves of the first five joints
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Tab. 4 The efficiency comparison results of five algorithms to solve

the optimal time of joint 1 s

ik SPSO PSO-1 GA DE NPSO

5 ) 5.145 4.289 4.052 4.516 3.886
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SGEE L DE %P, DE SPSO . GA  PSO-1 43 HI7E
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Tab. 5 Optimal running time of each joint while the velocity is

between [ —80,80] (°/s) s
KA ta b b3

1 0.634 9 0.618 0 0.695 6

2 0.5357 0.478 4 0.518 4

3 0.683 1 0.605 7 0.650 7

4 0.537 5 0.348 4 0.671 8

5 0.542 3 0.514 8 0.485 4
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Fig. 13  The angular position curve of the five joints after
optimization
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Fig. 14  The angular velocity curves of the five joints after

optimization
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optimization
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Fig. 16 End motion trajectory of table tennis serving manipulator
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