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ABSTRACT

This paper analyzes the movement condition of each object in the Volley-
ball robot competition process, and finds that the core part of volleyball
robot simulation system is the movement model of individual object and
the model of interaction between objects. If the model selected in the
simulation systemisgood, it will hel p the efficient operation of the system.
This paper mainly studies the static models and dynamic models of the
system, by analyzing the motion condition of volleyball players to estab-
lish atwo-wheel-style car motion model, analyzesthe volleyball movement
to establish a projectile model of the simulation ball, and analyzes the
collision situation between objects to establish the collision model be-
tween car and small ball. This paper analyzesand buildsthe system model,
at the same time; it uses the model and algorithm to simulate the moving
trajectory of the system ball with Matlab software, and providesatheoreti-
cal basis for the development of robots and volleyball career.
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INTRODUCTION

Intheresearch of artificial intelligence, asearly as
inthe 1940sthe goa was suggested to use acomputer
to chesswith human; after 50 yearsof efforts, research
onlogical thinking and game and the devel opment of
high-performance computershasachieved aleap. In
May 1996, IBM computer Deep Bluebesat world chess
champion KashiaPa ou Fu, and realized the dream of
researchers for 50 years. It can be seen that the ma-
chinecan overcomehuman geniusin certain aress, then
asanother challengingtopicinartificia intelligencero-
bot hasrapid progress with the devel opment of tech-

nology.
Currently, theinternational robot soccer hasbeen

very good devel opment. Robot s mulation system based
on many kinds of ball games have emerged, many
peoplehave madeeffortson theresearch of bal games’
robot smulation technology, and theresultsof their re-
search provideagood theoretical basisfor the devel-
opment of roboticsand sports analysistechnol ogy.

In recent years, multi-agent system (Multi-Agent
System) risesinthefield of intelligent robots, themain
content of the study isthat how amulti-robot can co-
operate with each other and co-operationto achievea
god inavariety of adverseenvironmental conditions.
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Robot soccer strategy smulationisrelatively mature,
and getsagood application. Thispaper anayzesthe
processof actua volleyball game, respectively setsup
dtatic and dynamic mode sfor individua object’smove-
ment conditionsinthe game, and usesthemodel algo-
rithm of robotsvolleyball sysem softwares mulatevol-
leybdl trgjectory in Matlab in order to promotethe de-
velopment of roboticsand volleyball career.

THEMATHEMATICAL MODEL IN
THESIMULATION SYSTEM

For thesimulation of volleyball robot system, on
the one hand need simulation for each object’sstatic
model, wherestatic model includesthesize, shape, mass
and other physical properties; on the other hand also
need to smulatethe dynamicmode of the object, start-
ing thedynamicmodd indudesspeed, accd erdtion, col-
lisonand other sportsattributes. Thefollowingthestatic
mode will be summearized asgeometry mode, because
geometry isrelatively smple, thisarticletakesthebrief
form and focuses on the dynamic mode of thevolley-
ball robot system.

Geometricmodd

Involleybal robot simulation system therobot car
will bedefined asatwo-dimensional square, mark out
theteam member on the surface of the square; volley-
bdl isdefined asacircle, and the centroid of car body
andthebdl isitsgeometric center; Stedesignisplanned
in accordance with the proportion of the actual venue
showninFigurel.
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Figurel: Thesmulation system geometric model of volley-
ball robot

Thecar body motion model of volleyball robot

Themovement of thevolleyball robot body isdi-
videdinto two steps, oneisjudgment, twoisthemove-
ment. Throughtheba’slanded zoneto determinewhich
car body movesand how the body moves, then move
according tothejudgment result. Themotion of volley-
ball robot car isbased on the speed control of the left
and right two whedl s of the vehiclebody, by transmit-
ting the speed control command to therobot |eft and
right wheels to adjust the speed and direction of its
movement, so that it can move according to the estab-
lished target point. Thevehicle’smotion mode isshown
inFigure2.

InFigure2, Rmeansrotationradius, Aa meansthe
central angleof thevehiclebody rotationintimeAt, the
point O meanstheinitid position of thevehiclebody at
timet, the point O” meansthe position of thevehicle
body at timet + At.
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Figure2: Themovement model schematicdiagram of volley-
ball robot body

Assuming thereisno dip between thewhed and
the ground and the car body movesin the horizontal
plane, then the vehicle centroid movesfrom point Oto
point O’ at timeAt shown in Figure 2. Assuming that
theposition of the vehiclebody isrepresented by (x, y,
o) a timet, the position at timet + At can represented
by (X + AX, y + Ay, a + Aa), AS, AS respectively
represent the movement distance of the two wheels
during the movement process, L meansthe distance
between thetwo wheel s of the vehicle body.

Therotation radius can be cal cul ated by thefor-
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mula(l):

AS
= Aa @

Thecar centroid movement distance can becalcu-
lated by theformula(2):

_AS +AS,

AS 5 @)
Therotation central angle of the car body can be
caculated by theformula(3):

Thedisplacement of the car centroid inthex axial
direction and they axia direction can beobtained by
theformula(4):

tood @s A%) = 2reinf A% Aa
Ax—|OO|cos(a+ > )—ZRsm( > )cos(a+ 5 )
Ay=|oo’|sin(a+ﬂ)=2Rsin(A—“)sin(a+ﬂ) @
2 2 2
Whenthecar body isin linear motion, thereisthe
relaionintheformula(s):

Aa=o,gn(ﬁ) &
{ 2) 2 ©

Ax=AScosa,Ay = ASsina.

Inthe datacollection processof thecar, if thesam-
pling timeisset short enough, you can draw themove-
ment very Smilar totheideal model. Through the posi-
tion change of the car body intimeAt, and then accu-
mulatesit, theposition of thebody inthegloba coordi-
nates can be obtai ned.

Simulation model of volleyball movement

Thevolleybal movement with no collisonsisgen-
eraly approximate projectilemotion. Inthesmulation
system assumethe ball only suffers gravity, and the
motion model isshownin Figure3.

Figure3: Schematic model of the ball’smovement
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Whentheball only suffersthegravity and thebal
hastheinitial velocity V, shownin Figure 3, thenthe
movement of the ball isaprojectile motion, and the
centroid coordinate (x(t), y(t)) of theball changeswith
timeshowninformula(6):

x(t)=V, cosp -t
y(t):h0+VosinB-t—%gtz ©

In Formula(6), h, representsthe height from the
initid pogtionof thesmdl bdl tothegroundin Fgure3,
whenthesamplinginterva of theball’sposition datais
At, the centroid coordinate of thesmall ball at timet +
Atisshownintheformula(7):

x(t+At)=V, cosB- (t +At)
y(t+At)=ho+Vosin|3‘(t+At)—%g(t+At)2 @)

Combineformula(6) and (7) we havetherelation
informula(8):

x(t + At)— x(t)
At
y(t+at)-y(t)
At

When the At — 0 in the formula (8), there is

y(t+AAtt)_y(t)—)(VosinB—gt); use the x(t+AAtt)—x(t)

=V, cosf

8
:VosinB—gt—%gAt ®)

y(t+At)-y(t)
and T
ball’svelocity inthex axial direction and they axial
direction.
Through thesamples of thebalI’scentroid coordi-
nates, according to theformula(8) the speed of thebal
can be obtained at any time.

intheformula(8) to represent the

Collison modd

Inthissystem, thecollision conditionisdividedinto
four categories. Thefirst oneisthesmall bal collides
with thenet or pillar, the second oneissmall ball col-
lideswith therobot car, thethird oneissmall ball col-
lideswith the ground, and thefourth oneisthe colli-
sions between robot cars. Sincethefirst oneand the
third onebel ongsto the collisions between the small
ballsand the static things, whichissimpleand thistext
does not repeat, this paper focuses on collisions be-
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tween theball and theraobot car and collisionsbetween
therobot trolleys.

The collision process between the robot and the
small ball meets the momentum conservation of col-
lision system, and the collide situationis shownin
Figure4.

4

-

Figure4: Thecollision schematic diagram between thetrol-
ley and small ball

According to the momentum conservationinthe
horizontal and vertical directions, we can draw sepa-
rate momentary speed of thetwo; formula(9) shows
the component speed both in the horizontal direction
and theverticd direction beforethe collision:

{Vu =V,C0s0,,V, =V, sind,

V,,=V,C080,v, =V,sing, ©)

InFormula(9), v, ,, v, | respectively meansthe
component speed bothin the horizontal directionand
thevertical direction of thebal beforethecollision, v,
Y | respectively means the component speed both
in the horizonta direction and thevertica direction of
the robot car before the collision. In the case of no
energy lossit satisfiestheformula(10):

IleZ,ll
Mv,
MV:+mvi =MV} + mmv??

-mv,,= M Vlz,// + mV'l,//

-mv, =MV, +mv}

(10)
VI =V VLV =V V)

InFormula(10), v;,,v,, respectively meansthe

component speed both inthe horizontal directionand
the vertical direction of the ball after the collision,

v, Vv, respectively meansthe component speed both
inthehorizonta direction and thevertical direction of

therobot car after thecollison, and v, v, respectively
means the speed of the ball and therobot car after the
collison.

The collision between robot carsinthesmulation
system meansthe collision condition between volley-
ball players, they aregeneraly not concerned about the
collisonintensgity between thestaff, but only interested
inwhether thereare collisonsbetween players. Inprac-
tical systemsthe car body isawheel cubewith rela-
tively heavy mass. After the collision situation of two
cubesitismore complex and has greater randomness,
sothiswill besmplified tojudgewhether therearetwo
objectsoverlapped in onecycle. Theoverlapping part
isthecollision point. According to experiencetwo ro-
botscollisoninthesmulation playingfieldissumma:
rized asthedtuationin Figure>b.

Figure5: Schematic diagram of collisionsbetween robots

VOLLEYBALL MOVEMENT TRAJECTORY
SIMULATION

Wheninitid velocity of thebadl is30m/ s theinitid
heightis1.8m, andtheelevation angleis15 degrees,in
the casethat the ball doesnot collidewith any object,
thesmulationtrg ectory isshowninFigure6:
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Figure6: Trajectory simulation schematic diagram of vol-
leyball serveprocess
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CONCLUSIONS

1) Thispaper conducted research onthemode for the
volleyball robot system, put forward the concept of
the geometric model and the dynamic model ; the
analysisof themodel showstheargumentsinthis
articleare operable;

2) Themodel inthis paper well reflectsthe scene of
actua volleybal competition, isinstructivefor vol-
leybdl training;

3) themovement modd of thevolleybal carisnot only
easy toimplement in observation and control tech-
nology, isalsorelatively easy toimplement inthe
computer operation;

4) themovement of thevolleyball isseen asprojectile
motionwhichonly suffersgravity; athoughnot con-
sidering air resistance and other factors, but it can
asoreflect there atively complete movement of vol-
leyball, and has areduced effect on the complexity
and operand of the modd;

5) Inthecollision model study, inorder to approach
actud movement, it built momentum and energy con-
servation equationsof thecollison system, and used
Matlab softwareto simulate the moving trgectory
of thevolleyball serveprocess.
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