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ABSTRACT

Table tennisis always Chinese sports meetings’ strong event, all previous
Olympic Gamestabletennisgold, silver and bronze medalsare nearly taken
by Chinese athletes. Chinese scholars’ researches on tabletennistheoretical
basis also lead the world, which provides good theoretical basis for
developing table tennis robots. By simplifying physical model, the paper
proposes methods relative to robot return speed cal culation; meanwhile it
makes prediction on table tennis trgjectory. By ignoring table tennis
movement suffered Magnus force, it uses iterative fitting to predict table
tennis movement trajectory, and uses simplified physical model to solve
return speed. Meanwhile according to experience data calculation by
computer, it gets table tennis movement trajectory and return speed based
on experiences data. Based on weighted theoretical model and experience
model, it gets new weight valuesto adjust cal cul ation return speed method.
It provides simple ways for table tennis robot hitting returning speed
calculation geometric theoretical advantages and practical experience
advantages. © 2014 Trade Sciencelnc. - INDIA
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Though Chinesetabletennisisnumber oneinthe
world, it remainsrelatively underdevel oped intableten-
nisrobot devel opment aspect; in 1980sworld made
proposa sof organizing tabletennisrobotscompetitions,
after that al countriesin theworld started tabletennis
robots devel opment, tabl etennisrobots devel opment
was akind of very complicated task. It included ma-
chine automation, computer, mathematicd modd, phys-
ca model aswell ascontrol volumeequation and oth-
ersmultipledisciplinesthat wasinterdisciplinary research
field. Tabletennisrobotshavevarietiesof forms, itmainly

dividesinto humanoid robot and singlearm multi-de-
gree of freedom tabletennisrobot, by far world table
tennisdevel opment achievementsalready can let ro-
bots and peoplefight each other. Formers have made
lots of researchesin the aspect of table tennis robot
devel opment, especidly in mathematica model aspect,
it hasresearchesonthebas sof smplified physicd modd
cd culation control equation and other mathematicd d-
gorithms, meanwhile based on experiencedata, it lets
tabletennisrobot have sdlf- learning and adjustment
abilities. By far tabletennisrobot researchisevery coun-
try relative hot research; dueto automation, machine,
computer and other techniques backwardness, China
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also falls behind European and American devel oped
countriesintabletennisrobot devel opment aspect.

The paper sartsfrom smplified physical modd and
experience datato research tabletennisreturn speed
calculation, it abandonstheoretica perspectivecalcu-
lations’ shortcomings, and makes supplementswith ex-
perience actual data. Thetwo common decidereturn
speed sizes by setting weight values, improve weight
vauesdistribution re aionsby comparing actua vaue
with predicted vaue, and constantly perfect weight val-
ues proportions by updating experience data. By algo-
rithmsimprovement, it providesagorithmstheoretica
basisfor tabletennisrobot return speed precise con-
tralling.

TABLETENNISROBOT WEIGHTED CAL-
CULATE RETURN SPEED

By far, more established technique is German
Darmstadt University of technology researchersdevel -
oping tabletennisrobot by singlearm and video. Re-
searchersfirstly gave therobot somehandled tableten-
nistechniques, and then set robot akind of technique
that names“*kinesthesiasdf-learning” by complicated
algorithms and computer technol ogy that robot con-
stantly learned techniques during processfightingwith
human raceand recorded thesetechniques’ rd aivetech-
niques. Initidly, robotscannot fulfill hitting; even oppo-
nent servetabletenniswasrelative stable. But based
onrobot “kinesthesiasdf-learning” system, it will learn
to adjust and make combination move, and it can hit
7% tabletennisafter learning for awhile.

Physical model-based retur n speed calculation

(1) Tabletennistrajectory prediction

In case ignoring Magnus force, table tennis air
movement state approximates to oblique projectile
movement, tabletennissuffersair resistanceand grav-
ity, and movesunder thesetwo resultant effects, which
isphysical modd analyzesforceinfluenceson trajec-
tory. TabletennisforceanaysisisasFigure 1 show.

According to momentumtheorem, it gets:

mAV= 6 +F) At

Amongthem, F; representstabletennissuffered
air resistance, it dways oppositesto speed direction.
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Figurel: Tabletennismovement forceanalysis

F, istabletennissuffered gravity, itisalwaysvertical

and downward. m Representstabletennismass. Ay
representstabl e tennis speed variable quantity in some
timeframe, itischanging al thetime. At represents
tabletennismovement ingtant onetimeframe.

Formula(1) iscontinuousequation, inorder toessier
to computer operate, expressit asdiscreteform, and
cary outiteration solution and predict tabletennismove-
ment trgjectory, according to tabletennistable, it es-
tablished three-dimensiond rectangular coordinatesys-
tem, decompose tabl e tennis speed into three direc-
tionsand table tennis position isdefined by three-di-
mensiond coordinates. Tabletennisspeed, positionin
three-dimengond coordinatesysemisasFgure2 show,
illustration three-dimensional rectangular coordinate
system’stabletennis speed and itsposition, aswell as
next timeframetabl etennis movement state and posi-
tiondescription.

Table tennis at t-1 time position coordinate is

(X, Y. Z,),andafter At time, t table tennis
positionisgot by followingiterativeformulaca culating:

Xt X1 X1
Yi [=]| Yia |+A Vv,
Zy Zig Vz.,

Amongthem, At representsiterativecyclehere.

Tabletennisat t-1 time speed componentsin each
direction is as above figure show, and then speed
changessolutioniterativeformulais:

Vit Vi1 K"Vt—l"th—l
Voo [=] Ve |~ A K]vea]vye,
Va K"Vt—lnvzt—l

Inaboveformula, K represents coefficient, itsex-
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Figure 2 : Table tennis three-dimensional coordinate
system’sspeed, position
pressonis.

=%mpsu

Among them, m representstabletennismass, p
representsair density, Srepresentstabletenniseffec-
tivearea u representsair resistance coefficient, At
still representsiterativecycle.
(2) Simplified physical mode return speed calcu-
lation

Totabletennis, it giveshitting point A(x,, ¥y, Z, ),
after hitting table tennis expected landing in table
isB(x,,Y,,2), z, representstabletennisradius here.

In plane, expected tabletennishorizontal speedisv,, .

Actual table tennis drop point and speed cannot be
completely thesame as predi cted valuethat isexpected
value, it has errors. Actual table tennis drop
pointR(x., Y.,z ). Incaseignoring air resistanceand

Magnusforce, caculatetimethat tabletennis moves
from hitting point to predicted drop pointis:

_ \/(Xo - X1)2 +(Yo - )’1)2

Vyy
Tabletennisall takes constant movementsin hori-
zontal direction, itstrgjectory equationissinglelinear.
Inthedirection of initid val ue, tabletennistakesaccd -
erated movements, itstrgectory isquadraticform. Then

fit equation and get tabletennistrgectory equationis:

X(t)
y(t) |=
Z(t)
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at+b,
a,t+b,
a,t?+b,t+c,

Byinitid conditiont = 0 istabletennishitting point,
it can get:
bx Xo
by = yO

C; Zg

Whent =t,;, table tennis arrives at predicted drop
point, it getsby caculating:

X1
Yi[=
Z;

Cdculateand get:

a,tag +Xg
aytag +Yo
a,t a2 +b,t g +2g

X1 = Xq
x =
thas

Y1—Yo

a, =———

Y thas

Whentimet =t , tabletennisvertical direction speed
IS
v,=2a,t+b,

Beforeand after At time, tabletennisverticd speed
IS
v, =2a,(t-At)+b,

Accordingto tabletennisflight speed iterativefor-
mula, it can get:
v, =V, —k; “v'HAt - gAt

Among them, ' speed that tablet tennisat t — At
time, isaquantity.

By aboveequationscaculating, it gets:

aztiB +btag +2Z0=2

keyfal +a2 +[2a, (tpp - A)+ b, [ * [23,(t g — At)+D, ]+ 22, =g
Solve aboveequation, it can get smplified physica
model tabletennisreturn speedis:
\7b=[ax a, bz]T
Experiencedata-based return speed calculation
(1) Experiencedata storage
When tabletennisrobot hits, the pointsisuncer-
tain, hitting point position existsin athree-dimensional
spaceregion, theregion can beexpressed as:

Hn Tudian Jounual
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X€ [Xmin 1Xmax]
ye [ymin ’Ymax]
Ze [zmin ’ Zmax]

Dividehitting sectioninto educationd severd smal
regions, every small region correspondsto astorage
space, it stores about return experience data, stored
dataconstantly updates with new incoming dataso as
to get better return speed experience values. Experi-
encedata’sformin storage sectionisasfollowing:

v
1x
E=[1 Vi, == V12 X2 Y2 Voxy s 1121514
Viy

Thefirst element is1thenit showstheregion has
experiencedataand it hasbeen stored. If thefirst ele-
ment iszero, then it showstheregion return speed has

no experiencedatastoragenow. ¥, = (v, Voy Vo, )
represents robot hitting speed. Among

them:v,, = Vo, + Vo, (X,,Y,) representstabletennis
drop point coordinatein plane. V,,, isspeed at table

tennisactua drop point. |, isused to measure matcher
actual drop point and expected drop point errors. The
expressonisasFigure3.R,, P, , P, respectively rep-
resents hitting point, actua drop point, predicted drop
point.

According to vison computer measurement, it gets
new experiencedata, if somestorage Spacehasno data,
how to storethedataintoit, if some storage space has
experience data, then compare new experience data
and previousexperiencedata, which onegetscloser to
expected drop point, select smaller deviation datastor-

k
X

>

0
\.
Figure3: Drop point deviation schematic

age, congtantly carry out updated learning, and let table
tennisrobot preciseto be higher.

(2) Return speed calculation

According existing experience dataparameters, it
calculates v,, and v,
lowing:
Vix = |sin 9||V1xy|39n(xs —X1)
Viy =|0059||V1xy|39n(Y3 -Y1)

Amongthem:

computational methodisasfol-

y

v
tan@=—%
Vi

Inasmaller fixed tabletennishitting region, it can
approximately regard tabletennisball speed asvari-
ableslinear function relation to make solution and cal -
culation, thenit has:

AX =Xz =X,
Ay=y;-y;
Az=7,-12,
Then, ball speedin X direction can be expressed
&
BXO
P
VEix :(1 AX Ay Az Voxy Bx2
Pxs
Bx4
Amongthem, g isfitted equation coefficient. Let

RY

W, represents stored experience dataweight. To

stored all experiencedata, al multiply by correspond-
ing weights, and can construct linear equation asfol-
lowingformula

Ve =KB
Amongthem
\ —(W v W,V W,V - WLV )T
E ™ 1V EIx1 2V E1Ix2 3V EIx3 n Y Elxn
Wi W AX; Wi Ay, WiAZ WV,

Wy WoAX, WHAY, WyAZ, Wy,

W, WLAX, W,Ay, w,Az, Wi Vaxyn
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Makeuse of mathematica computationa method
least squaremethod to calcul ate, it can get fitted equa:
tion coefficient 3
B= KTK) KTV

Andcdculate X direction speed fitted equation lin-
ear coefficient. Similarly, it can get speedinY and Z
directions speed fitted equation linear coefficients, and
furthermoreit can cdculaerdativeexperiencecdcula

tion return speed expression:
1
VEx B Bxi Bxz Bxs Bxa) AX
Ve =|Vey |=|Byo Byr By2 Byz Bya | AY
VEL, Bo B B Bz Bu) AZ
V2xy

Return speed weighted calculation

Dueto simplified physical model and experience
datamodel ’sca culation on return speed havetheir own
drawbacks, in order to make up for the two methods
deficiency, combinewith thetwo advantages, adopt
dynamic weight method to proceed with return speed
cdculaion, redizedynamicweighted return speed com-
putationa methodisasfollowing:

Vi =MpVp +NeVe
Mp+Me =1
Amongthem, v, representsafter weighting fina

return speed calculated value, 7, , 77 respectively rep-
resent two computational methods’ weightssizes. And
weight valueischanging, it needstogiveinitia condi-
tions’ weight valuein the beginning, and then anayze
actual drop point and expected drop point errorssizes
and self adjustment weights val ues sizesby robot ac-
tual combatsexperiencesdataaccumulation, sothat let
return speed more correct.

CONCLUSIONS

The paper on the basis of physical model and ex-
perience model, it proposes akind of new dynamic
weight value return speed computational method,
wei ghted combinessimplified physica modd compu-
tational method with experience datacomputational
method to cal cul ate tablet tennis robot return speed.

And by analyzing drop point and predicted point fall
values, adjust thetwo methodswel ghtsva uesin cal cu-
lating return speed. It realizesweightsdynamicforms
and ensuresreturn speed accuracy.
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