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ABSTRACT

Based on the table tennis robot strike table tennis as the research object, has carried on the
force analysis of the physical, and it is concluded that the physical stress model has
disadvantages, in order to further optimize model, put forward the movement trajectory of
the least squares model, identification and prediction of the trend of table tennis sports.
Finally through the table tennis the impact process, and out of the ball speed, speed and so

on between the relationship, for the development of table tennis robot has played a
positive role.
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PREFACE

For several years, with the development of table tennis career, the intelligent robot, multi-level
information network gradually into the cause of sports, such as table tennis robot belongs to one of
these, which it through a long course of development, and it towards machine turns to heavy structure
and modularization in the direction of the exhibition, the virtual robot strike table tennis as well. There
are many scholars are studied, including AnDanYang was used for about table tennis ball machine
structure and key technology are analyzed, and finally it is concluded that in the face of different size
and power consumption using one-way or two-way rotation of requirements, the size of the code and the
trigger for testing through cooperate with light, so as to realize the closed loop control system.

This article is based on the above narrative, in view of the strategy and the table tennis table
tennis hitting racket trajectory prediction analysis, time budget to speed and related analysis, so as to
contribute to the development of table tennis robot.

TABLE TENNIS MOTIONS” MECHANICAL ANALYSIS

Predict trajectory

In order to let table tennis robot to be able to stroke table tennis, robot needs to move in advance
and predict table tennis movement direction before it arriving at racket.

If table tennis during motion process, it conforms to air resistance and gravity influence, three
directions in coordinate axis are mutual independent from each other, and table tennis speed and
resistance are in direct proportion, then table tennis motion force is as following Figure 1 show:

y Mg

Figure 1: Table Tennis force analysis process diagram

By above Figure 1table tennis force, we can analyze it, in plumbed direction, it suffers air
resistance and gravity that:

av. F, u
= z = _z = —V —_ 1
In horizontal plane, it still suffers resistance effects, we take x as an example, that:
dv,. F u
= X = X = —V 2

Table tennis mass is using m to express, and viscous resistance coefficient is using x to express.
Make analysis of table tennis motion process in horizontal plane:
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In speed:

V (t)=Ve™
Vv, (t)=V,e™ 3)

v+ w9
V() =V, + k)e k

In displacement:

S,(0)= [V, ()dr == 1-e ™)

s ()= ['V ()dr = ek 4

y()—J.0 y(f)f—k(—e ) (4)
t Vz+g iy 9

Sz(t)=J0Vz(r)dr=T(1—e )=t

In above formula, k needs to meetk = £
m
Table tennis motion prediction is carrying on speed and displacement in the direction ofx,y, z,
but for practical status, considered speed and displacement effects on prediction are not quite obvious.

Apply least square method identifying table tennis operation status prediction research
By above force analysis model, we can see that due to model self constraints, it cannot correctly

predict table tennis trajectory, so we introduces least square system identifying prediction model.
For observed value as{u(k),y(k)},k:1,2,---,N+n output and inputN pieces of values,

corresponding system can be expressed as:
Y =no+e (5)
In above formula, each parameter should meet:
0=[a,a, --,a,;b,b, b (6)
Y =[y(n+1), y(n+2), -, y(n+ N)T (7)
e=[e(n+1),e(n+2),---,e(n+N)J (8)
-y(n) -y(n-1y - —-y@ um - u@)
_ —y(ﬁ +1) —y'(n) —yﬁ(2) u(n.+1) U(_Z) )
—y(n‘+ N) —y(n+'N+1) —YkN) u(n;LN) U(N)

After that, according to least square method principle, we take positives, and then corresponding

function is:
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20)= Y0V =n0) (¥ ~n) (10
S:cl) as to let J @) appear minimum value, then:

P 2L —0) (Y ~16)]= 24" (Y ~n) =0 (11)

00 00
And corresponding estimated value is:

0=n"Y)n'y 12
Now table tennis motion trajectory that needs to meet is:

p=6-t (13)

In above formula, & is parameter, and is also identified.
If regard coordinates axis direction as time function relative curve, then it has:

x| [a v p ]t
y|=|a, vy bt (14)
z a Vv, p, |1

In above formula, a,, v,, p,, a,,v,, p,, &,, V,, P, property is the same as 6.
For randomly collected one point, we can express it as:

b; =[Xi Yi Zi ti] (15)

In formula, time for the first measurement point timet, is using t. to express, and measurement
point position is using (x;,Y; ,z;) to express.
In the following, collect two samples, and then matrix form is:

t t 1 0 0 0 0 0 Ofa | [x |

0000 € t 1 0 0 Ofv||y

0 000 00 ¢ t 1|p|z

2 t, 1 0 0 0 0 0 0|la||x,

0O 0 O0¢t, t, 1 0 0 O Vv, =] Via (16)
00000 0 0¢ t, 1lp] |z,

,t, 1 0 0 0 0 0 0 X,

0 0 0, t,1 0 0 oy ||y,

0 000 0 0, t, 1]|p | |z,

By utilizing Ax=Db form to solve, but it has larger errors, to reduce the errors, we optimize
them, increase selected point’s number 3 j, then it can get:
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Ax=Db (17)
Among them, A, x. b can be expressed as:
2t 0 0 0 0 0 0 0 O]
0 0 t? ot 0 0o 0 O 0 0
0 0 0 0 O 0 0O 0 O 0 0
A=
0O 0 00 0 O 0 0O 0 O 0 0
0 00 0 0 0 - t,, t,, 1 0 0
0 0 0 00 0 - 0 0 0 t,, t.. |

X=[a, V, Py iiViejs Pyojal’
b=[X ¥ Z i Vieja Zeja 1’

And after solving identification parameter x, itis 3jx1, A, bisalso 3jx3]j matrix.
Ball landing model

If ball after falling is a kind of elastic collision process, regarding energy loss, we can define z
to be speed reverse direction lose, x, y positive direction lose, then total direction lose can be

expressed as:
k=[k, k, K] (18)

Corresponding table tennis landing process is as following Figure 2 show:

Vin (Vx,* Ve, ";(V,, :V(r)

Figure 2 : Schematic collision course with the desktop

In t, moment, predict ball release positions that can be expressed as p,, p;, p,forms, then after
colliding matrix can be expressed as:

a, kv, p
o'=la, kv, p, (19)
_kzvz p;

yA
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Among them, t, solving is using following formula:
p,=at’+vt+p,=0 (20)

In above formula, energy lose can be solved according to experiment.
TABLE TENNIS SPEED CONTROL MODEL

If table tennis robot under cooperating of robotic arms, during table tennis and racket colliding
process, speed is V, , projectile speed isv, , and incident speed is V,, as following Figure 3 show:

Figure 3: The impact of table tennis ball and racket

According to above figure, it can solve that on racket tangent line, it has:

var = TVT + (TVhT - Tvr)a (21)

And friction coefficient is using « to express, inelastic collision process condition that needs to
meet is:

van = thn - Tvnﬂ (22)

Rebound coefficient is using A to express, using' R to represent transformation matrix, then it
has:

'v="R- v (23)

From the perspective of racket, under its coordinate system, normal direction and collision
direction are different, then it has:

(TRVf)x = (TRV )x +(TRVh - TRV )xa
("Rv¢), =("Rv,), ~("Rv ), B (24)
(TRVf)z = (TRV )z +(TRVh _TRV )Za

After sorting above formula, it can get:

("Rv,),=("Rv,) 0+('Rv) (1-a)

("Rv;), =("Rv,), —("Rv), 8 (25)
(TRVf )z = (TRVh)za+(TRV )z(l_a)
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If'TR=(r, r, r,)" ,then it can write as:

rV, =r[v,a+v(l-a)]
rVv; =rv, —ryvpg (26)
rv, =r[va+v(l-a)]

By simplifying, it can get:

v, —-l-a)v-av,]=0
ry(vf +ﬂv_vh):0 (27)
rvi -Q-a)v-av,]=0

Matrix after rotating, it can get three coordinate systems projection as r., r,, r,, by above

formula, we can get racket motion form. In practical sports process, plumbed direction doesn’t affect
racket stroking ball, if it has z coordinate projected racket, then corresponding formula is:

_ (an Vny Vi ) _

r'=v = =(V_V_V 28
y n |(an Vny v, )| ( nx Vny Vnz ) ( )
001 -(v, v, vV
rz, = (0 0 1)_( ) ( T ) (an Viy Viz ):(_anvnz —Viy Vi, :l'_vnz2 ) (29)
| (an Vny Vi, ) | ’ ’
i i Kk
re=R), x(R;), =] Vy Vi Ve |=(Vy =V 0) (30)
ViV _Vnyvnz 1- an2

We make normalization processing with r, ry' , ', and then it can get:

Vny _ an 0
2 2 2 2
AV, +V AV, +V
nx n nx n
TR= ’ ’ (31)
_ anvnz _ VnyVnZ Vnz
2 2 2
1- Ve \/1_ Ve \/l_ Ve
Vny anVnz
[, 2 2 Vi T [ 2
Vi T Vny 1- Vo
Vv V_V
_(Tp\T _ ny 'nz
R=(R) =| —=2— v, —2 (32)
Vi +Vy J1-v,
2
0 v, 1-v,
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By R, it deduces reference coordinate system RPY angle contained relation is:

p=atan2(-r,,\r’ +r,’)=atan 20, v, +v,*) =0
v

a=atan2(r,,r,)=atan2(—— Vo : Y ) (33)
\/vnxz +V,,° \/vnxz +V,,°
y=atan2(r,,r;) =atan 2(v,,,41-v,.?)
So, ball and racket can be solved according to above formula.
From the perspective of racket, its force has:
V.=V, + 0V -V, (34)
v, andv_ are a kind of orthogonal way, then;
v, 'v.=0 (35)

Expand above formula, speed relationship has:

v ! 'Vr = [fo - (1—0!)VX _avhx](vfx + Py _th) +[ny - (1_a)vy —thy](ny +ﬂvy _Vhy) +

[sz - (1_a)vz _avhz](vfz + Pu _th)
=0

By above formula, we can get table tennis robot relative stroking process each kind of
parameters.

ROBOT STROKING PLANNING

In table tennis motion process, it should meet that robot works in the space, and no collision
happens, by practical investigating and measuring, we regulate robot motion system coordinate range is
nearly:

—400 < x < 400
~1470< y <1570 (36)
110 < z <450

In robot table tennis playing process, if table tennis within above motion ranges, then it is safety
region. Respectively input x, y. z into above formula, then it has:

—400 < x < 400
~1470< y <1570 (37)
110 < 7 < 450

By calculating, it has:
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tx € [tx1 7tx2]
t, elt, .t ] (38)
tZ € [tzl ’tz2 ]

By above formula solved union set, after that select intermediate point t =t1;t2 , it can get

speed v=(v,,v,v,,t) and trajectory coordinate p (x,y,z,t), racket stroking speed is using
A (th,Vhy1th) to express and self posture is using («,f,7) to express, t represents stroking time,
Vi (Vi Vi, Vv, ) represents racket stroking speed.

CONCLUSIONS

The paper uses kinematics to analyze table tennis stroking process, it solves which speed and
what kind of postures that robot strokes table tennis should have and makes analysis, uses system
trajectory and physical trajectory model to predict, in addition, it also researches on robot stroking table
tennis collision model, therefore it fulfills table tennis trajectory planning problems, and the model has
widely utilities.
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