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Striking position selection based on two-step multi-purpose fuzzy
decision method for robotic table tennis
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Chinese Academy of Sciences, Beijing 100190, China;
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Abstract: For robotic table tennis, selecting the optimal striking position in the returning process according to the ball’s
trajectory, not only reduces the difficulties in returning the coming ball, but also increases the returnable success rate. A
two-step multi-purpose fuzzy decision making method is proposed for striking-position selection. Firstly, according to
robot’s optimum range of motion and the coming ball’s velocity, the searching region containing the striking position is
determined. Then, the positions of the ball in the searching region are regarded as decision-making universe. In the universe,
the desired outgoing velocity is respectively calculated with the target returning parameters. Three energy functions are
defined based on the parameters of racket, representing energetic and momentum changes of the ping-pong ball in the
striking process. The functions are used as index functions for striking point selection in the searching region. Finally,
comparison experiments of the proposed method with conventional ones are well conducted under different experimental
conditions, demonstrating effectiveness of the proposed method.
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Fig. 1 The factors that affect striking point selection
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Fig. 2 Table tennis player robot system
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sion method)
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Fig. 3 Flow chart of the striking position selection algorithm
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Fig. 4 Robotic table tennis with five degrees of freedom
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Table 1 Parameters of the robot’s joints

PELY N

EHEHE/Mm  BKIEFHEE (m-s™)

X —800 ~ 800 3.5
Y 0 ~ 1500 4
Z 200 ~ 400 1

6.1 =K f# 3 32 H BR 3 ¥ (Computation of desired
outgoing velocity)

T AR G54 175 5t A K A HE TR 2 S Y
AR, BE R T 2 HNFTERIN = 3R AT
T, AT FLSEG. RS ANAT BRI B ik il 4T )5
T LCER (1) 7 iR BRI L, R 254, 19 b S 5
T FCBRAE T BR AU HH BRGE JE, JF 5 0 ] S P ek
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Table 2 Comparison of the actual outgoing velocity

and the velocity computed with the
proposed method

St o

LSRR AR S

No.

(Vie, Vg, Vi)lm - s~ 1) (Vi Vg, Vy)(m - s 1)
1 7.35,0.23, — 0.66 7.27,0.21, — 0.79
2 7.25,-0.04,-067  7.25, —0.05 —0.64
3 6.93,0.07, — 0.60 7.10,0.03, — 0.76
4 696,—022,—054  6.84, —0.15, —0.49
5 6.96, 0.07, — 0.63 6.94, 0.06, — 0.74
6  6.67,—0.10,—0.58  6.67, —0.06, —0.57

HR2nF H, A 254175 b S SR 15 21 10 HY
BRI 72 nT IR0 1 m/sLL Y, AT F T H ST A 3
(10 LB Tt 58 AR S ot RO aZE R T K AL
6.2 AL EK L ERE(Optimal striking position se-

lection)
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0.243) m. 1% & S F R B E R Viin = 1.90 m/s,
Vimin = —0.14m/s, Vi = 0.30m/s, Vipax =
2.30m/s, Vimax = 0.30m/s, V,pax = 1.7m/s, HPHy
SEFEH (Viavgs Viaves Viawg) = (2.10,0.08, 1.00) ms.
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0D i ELY Z v > N 7 S o (I AR e = & VA BT Y53
MK WU HA7m.

Ul = {psand + 0.07, Pxiana + 0.14, pxaana + 0.21,
Pxtand + 0.28, Dygana + 0.35, Dygana + 0.42}.
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(¥ A7 B S PT 7R, AE BT, S BRI ok 3R T A
AAFR R (1610.5, 325.7, 20) mm, 82 X I54 ([1899.2,
2123.1],[350.3, 370.4], [97.8, 180.0]) mm, ¥k 5 £3 ¥
(it Bk A AA ARl (2050.9, 363.5, 156.3) mm. Hi K|S T]
A, R ASCEE P AT 2 10 BR SRS
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Table 3 Striking parameters computed with the proposed method and
the method in [8-9] in the case of small V,

AR R SCHR[8-915 145
No. _ N " e i "
i TE2 JRRALY 7N iz THER AR R ESEIEE 21
(z,y, z)/mm (Vy, s, 0p)/((m-s~ 1), (°), (°)) (z,y, z)/mm (Vy, B, 0p)/((m - s~ 1), (°), (°)
1 2050.9, 363.5, 156.3 0.99, 7.61, — 2.06 2290.9, 381.3,220.0 1.42,7.36,—7.35
2 2030.9,151.4,1234 098, —2.27, —0.22 22717.5,99.4, 220.9 1.43, —3.55,5.06
3 20394, 350.1, 196.9 1.13,7.83, — 3.87 2153.4, 360.5, 220.0 1.30,7.73, — 6.24
4 2002.0,315.2,159.2 1.06, 6.83, — 1.75 2220.3, 330.3, 220.2 1.43,6.67, — 6.74
5 2000.5,329.9,173.0 1.15,7.08, —2.02 2155.7, 340.0, 220.3 1.31, 6.69,— 4.67
R4 VIR AL H RS Lak[8-9)1 A ik oy HIR A%
Table 4 Striking parameters computed with the proposed method and
the method in [8-9] in the case of large V,
AR SCHR [8-91502: 45 R
NO' - NG S, - N, N
ik R AR bR BinzH iR R AR bR HinsH
(z,y, z)/mm (Vy, 05, Gp)/((m~sfl), °), (°) (z,y, z)/mm (Vy, bs, 0p)/((m-s~1), (°), (°)
1 1905.5,368.4,317.9 2.11,9.23, —2.97 1756.1, 360.2, 220.0 1.93, 9.64, 2.08
2 1979.7,334.8, 368.2 2.14,7.98, —2.55 1784.0, 326.8, 220.9 1.88, 8.54, 3.99
3 1955.8,507.2,314.0 2.18, 14.28, 0.50 1862.2, 486.9, 220.1 2.03, 14.30, 3.47
4 1811.2,161.1,287.2 2.00, 1.42,0.67 1732.5, 173.6, 220.5 1.90, 1.85, 3.09
5 1917.3,45.4,304.3 2.01, —2.63,2.32 1789.4,74.1, 220.1 1.86, — 1.95, — 1.51
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Table 5 Striking parameters computed with the proposed method and the method in [8-9] in the normal case

AL R

SCHR[8-91 5145 R

No. - B
T ER KA AR

(z,y, z)/mm

ESEEE S

(Vy, 05, 0p)/((m-s™ 1), (°), (°))

HTER AR R

(z,y, z)/mm

BRI B
(Vy, 0s,0p)((m s 1), (), ()

2001.4, 152.5, 186.7
2007.2, 99.2, 215.8

1 0.90, 3.84, —0.09
2

3 2010.2,290.6, 188.0

4

5

0.95,2.74, — 0.82
0.84,6.81, — 1.75
0.96, 4.00, 0.26
0.76, 1.52, 0.35

1894.8, 136.4, 227.3
1957.4,61.8,185.2

2093.2, 159.1, 220.3
2022.2, 100.0, 220.5
2131.5, 302.5, 220.4
1876.0, 134.9, 220.8
2058.2, 67.5, 220.6

1.03,4.14, — 1.62
0.97,2.78, — 1.118
0.99, 6.76, —3.83
0.94, 3.96, 0.61
0.88, 1.72, — 1.06

I b 9 o Bk a3 9 BV R AT A IR BR
SN, SRR, B P e e RV, b LYY
SO ATAENL S N — TR b, Gt HLas A ko)
[T ERVKEL. AESOUR oM IR Bk SE R, AN SRR RGN
[ET R399, [ 5 i 2~V T s Dl [ BR27 UK. i SE 5
g LR, ARSI o BR TR B SV B T BRI
BRAESE, FEmbLas A RlERR.

7 458 (Conclusions)

AR T PP 2 B bR AR e ok i o
BRI, B A, AR HLAS A S o 4T DX TR R
SR BRI A T A RS A9 R X, ok, A
FH o BR AUR R R H A 2 BOR 8 07 28 H BRd I
RIGERIN S H0E T RE AL o AR I ek
Wi TR G e = A s AR L. LARE &= R B I
R bREAE R IX I WS A3 BT BR AL B, EA
[ () S 15 L, %o Ll AR S8 92 5 [ s v B 1A T
S, KR T AR SCRVE A 2 k. SR B, AL
VL RE NS T Y A5 PO [ () SR BRI, 3% 45 38 (1)
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