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ABSTRACT

The paper puts emphasis research on basketball competition athlete
behaviors predicting, makes analysis of holding athletes’ behaviors and
shooting as well as other processes, proposes on-line RBF neural network
model to predict basketball video’s athlete behaviors, putsforward artificial
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potential fields to playersin field position influence model, input athlete
shooting, passing, dribbling and other motionsinto the model, and makes
prediction by adjusting parameters, its result proves high precise of

prediction.

INTRODUCTION

In recent years, with high technological develop-
ment, obtaininformation ability by video hasalsobeing
constantly improving; it makes contributionstorelaive
fieldsdevel opment. Theexpertsmention that it should
bringvideoindustry into sportsfield that will drive sports
development, domestic scholarshave ever proposed
tointroducevideo relative techniquesin sportstraining
field, continuoudy shooting competition processwill play
positiverolesin athletesand coaches’ training, it not
only helpsthem moreintuitional understand shortcom-
ings, but a so pointsout direction toimprovetechnical
levd abilities.

The paper just based on previousresearches, it fur-
ther makesanalysis, theresearch will haveimportant
guiding s gnificanceinimproving basketbd| players’ com-
petitive and technicd levelsaspects, and themode has
widely prospectsin sportsvideo aspect.

BASKETBALL VIDEO’SATHLETE PREDIC-
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TIONMODEL ESTABLISHMENT

Two different coor dinates’ transfor mation
Playersmovement imagesin basketball field and

P=(Xy Yy Zg)

A

Figure1: Schematicimage coordinatesrelationswith the
wor ld coor dinatesystem
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imagesin videos are not completely the same dueto
perspective projection and other problems’ existing,
thereforeto solvethe problem, it needsto establishtrue
coordinate and video images’ coordinate transforma-
tion model, two kinds of coordinatesisasfollowing
Figure 1 show.

We let true coordinate system to be defined as
world coordinate system, it has some connectionswith
schematic image coordinate system, the connections
totally include eight unknowns, in Figure 1 weassume

(x,y,1)is p coordinate, the corresponding point
is(Xy, Yy, ,andthenit has:

X nor |l Xy
Y= s Tl Y 1)
1 r,org Il
Letr,=0, andthenit has:
% Yy, 1.0 0 0 xX, VXu]
0O 0 0 x vy 1 ) A
% ¥, 1 0 0 0 XX, YX,
0 0O X Y 1 X2sz yzYw2
X ¥; 1 0 0 0 XX, VX,
0 0 0 x v 1 XY, VY
X ¥, 1 0 0 0 xX, XX,
0 0 0 x vy, 0 XY, VY%,
X, ]
r, W
r, Yoy
[ XWZ
r, Yo,
f5 xw3
g | 7] Yo @
r Xy,
L 15 ] YW4

From abovedescription, wecan get e ght unknowns
should have corresponding four pointsso that can get

mapping process, and cansolver, (i =1,---,8).

Proposition and application based on artificial po-
tential

Inthelater period of last century, foreign scholars
put forward artificid potentid fields, themethodissm-
ply convertingtarget, barrier and robot and other people
into one point, abstract artificial forcesisproceeding
with abstract by robot sportschanges. Artificia poten-
tia fieldin moving objects positionsfunction equation
IS
Woer (@)= W, () +erep (a) (€)

Inaboveformula, attractive potential energy inthe

positionof g isusing W, (q) toexpress, and rejec-
tive potential energy isexpressed by W, (d) , moving
object positionisusing g to express, and target position
isusing q,,, toexpress, definition about attractive po-
tentid energyis.

Wy, (@) =5 K P () @

In aboveformula, target Euclidean distance and
moving object are expressed by, positively attractive
gain coefficientisusing k_, to express, besides, we
can defineattractive potentia energy as.

Fa =-VW,, (q) = _kattpgoal (q)vpgoal (@) =-k, (- Ogoal ) (9
And then corresponding repulsive potential energy is:

Wo@=12"%p@ o
0,02 p,

In aboveformul a, when moving obj ects suffered
barriers resistance, the maximum influence degree

threshold valueisusing p, to express, repulsivegain

coefficientisusingK ., to express, and corresponding
repulsiveforceformulais:

1 11 9Oy 3
Fo=-VW, (@) =1 " 5@ po P plq) P(A) < p,
0 P2 Py
Thereforeobject suffered forceis:
F () = F (0) + Fep (0) @

Research on artificial field application in basket-
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ball players’ information quantity

By former introduction, we can know that in com-
petition, it isone guard and multiple chasing players
playing together, then we can assumethat basketball
fiddpositionisy, let present timeto bet , and thenits
atificid potentid informationformulais:

WAtPF—i (X) = Wattt—i (X) +ertep—i (¥) ©
1 1
W, (X)==k, ———
att—i (X) 2 att pgoa] (X) (]_0)

Actud distance between opponent rim and player

isusing p,,, (X) to express, when distance between

rim and player isfurther, attractive potentia will dimin-
ish, such positionisbad for ace, on the contrary, it will

morebeneficid toace. Andto k, , whenthevaueisa

negativevalue, it representsdefensive ability, and when

thevalueisapogtivevalue, it representsace ability.
Atfirgtinitializewith player stealing and shooting

abilitiesthat area , S , Sowhenoneparty ball isstolen

by another party, it will updateaccording tofollowing
equation, itsequationisasfollowing:

krep—& = krep—a Ty g S krep—a < 6, (1)
If aboveequationisfase, andthenit has:
Keos =Keps =7 (12)

S0, we can regulate whether equation istrue or
false so that decide whether it stealsball or not, and
cangpply fallowingformula
krep—/-\ = krepfl-\ +7 ' My < krep—/—\ = Hd

krep—A = krep—A AR krep—A < 6, (14)
If player shotsand it can accord following formula:

(13)

katt—carrier = katt—carrier +7, na < katt—carrier < ga (15)
Andif itfallsinshooting, andit can have:
katt—carrier = katt—carrier -7, (16)

Among them, player every timeability decreasing
valueorincreasingvaueisy andr , player shooting
ability upper limit valueand lower limit valuearere-
spectively usingd, andr,, to express, lower limit value
and upper limit valueof players’ abilitiestofight for ball
lower limit valueand upper limit valuearerespectively

BioTechnology —

nyandé, .

APPLY NEURAL NETWORK TO PREDICT
BASKETBALL PLAYERS BEHAVIORS

Inbasketba |l competition process, every athleterun-
ning trajectory isakind of very complicated process,
therefore the paper selects akind of specia way to
make predictionthat ison-line RBF neurd network.

RBF neural network theory composition

Inpredictionfied, neurd network isakind of higher
gpplication, fromwhichthemost important onebeongs
to forward neural network and that RBF neural net-
work belongsto it, the model is composed of three
formsthat areoutput layer, input layer and hidden layer
thesethreeforms, itsstructureisasFigure 2 show:

The input layer

Hidden layer

The output layer

Figure2: Thebasicstructureof RBF neural network

Though they haveno connections, their nervecells
aremutual correlated. Frominput to output, it experi-
enced non-linear and linear two processes, and thefunc-
tion of hidden layer isthetotal sum of linear weighting
forms. In RBF neural network model, thereare many
kindsof hidden layer forms, fromwhichthemgor ones
havethreekinds, that:

2

r
o(r)=exp ey ,oc>0reR

a7

1
¢(r)=m,b20,reR (18)
p(r) = (1 +b7)2, (19)

Abovearerespectivdy Gaussan, inversequadratic
and multiquadricsthesethreekind of functionsforms,
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but exactly applying to the paper can select to usethe
first type, and then thetype exact expressionis.

o(r) =exp(-0x-c /o?),k=12--,K

xandc, radia distance can use above formula

(20)

[1x—c, [l toexpress, hiddennervecd| radia basisfunc-

tionwidthisusing k piecesof o, toexpress, | dimen-
sionsinput vector isrepresented by x, andthenit has
x same dimension vector ¢, . Corresponding output
form can beexpressed as.
~ K
y=f(X) =W+ W exp(-0x—¢, [ /oy) (21)
k=1

Output layer and hidden layer weight valuescan be

expressedas w, (k =1,---, K) , andthedeviationis w, .

Minimum resour ces allocation networ k model’s
prediction model tobasketball player behaviors

Minimum resources alocation neura network isa
kind of agorithm that proceeding with hidden layer de-
leting, parameters adjustment and introducing new hid-
denlayer, basic stepsare:

@ Forinputlayer, after inputting x , thenit has:

< L, Oe

érms_ j_i_(ZM_l) M (22)

A K

Y= f()g):WO-i_ZWk(ok()ﬂ) (23)
k=1

d=mintx -c. on

1<k<K
é‘i = ma>({7i§max’§min} (25)
€=V _9i (26)
1
?(x) = ep(-—1x—g, F)k=12K (o

k

In aboveformula, damping coefficient 0< y <1to
express, and input data minimum and maximum dis-

tancearerespectively usingo, , , andd, , toexpress, let
hidden layer center closest distancex tobed..

————, FyurL PAPER

@ Ife_>sd >o0;,/8]> ¢, adthenitcanaddanew
hidden layer in neurd network and get correspond-

ing parametersare:
W, =€ (28)
Ceir =X (29)
oy.. = Kd (30)

Theaboveconditionisk = k +1, andthen hidden
layer corresponding width can beexpressed ask .
® If aboveassumptionisfase, then we can change
parameters, that:

V=V, +Ke (31)
-1

Ki(zxn ) R.C [R + ClT R—lci] (32)

R:[ zxz_KCT]R—l+qO|zxz (30)

Inaboveformula, after thej samplesenteringinto
network, parametersstate measuring parameter canuse

v =[wWW.d,ol - W.Gor]  to  repre-
sent. Ki(zxny) Corresponding gain matrix is.

-1
Ki(zxny) =R.C [R +C|T R—lci] (31)

By aboveformula, measuring parametersvariance

matrix can use R to express, and can let number of
parameters use z=n, +Kx(l+n, +1)to express,
number of nerve cell output nodes can usen, to ex-
press, parameter vectorv, f(x) can also

beC =V, f(x) formor other one, theform has:

C =[x aXx)@w/od)x-c)] @2
e (x)(2w /o) 1% —¢ L7, (33)
P ()1, @ (%) (2w 1o )% = ¢, )T (32)
0 ()W 1 o) 0% ¢ P 33)

And updated matrix isusing output error covari-
ancematrix P toexpress, asfollowing formulashow:

P=[l,,-KC'IP.

I [ ZxZ

+ qO I ZXZ (34)
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Random steps are using ¢, to express, and unit

matrix isusing | ,_, to express, and then newly added
columnandlinearerespectively:

5
| O polzlle

By aboveformulafunction relationship, wecan get:

(39)

initid estimationissampledatax, and y, covariancecor-
responded parameter that uses p, to express, newly
added hidden layer nodeintroduction and newly added
number of parameters z =1 +n, +1isusing z to ex-
press.

Regarding basketball player catching prediction
model

MODEL APPLICATIONANDANALYSIS

To verify the paper athlete prediction behaviors,
we collect recent years’ basketbal| competition videos
highlights, according to thesevideosasinput data, meke
Stati sticsof thesevideos stealing and shooting numbers
sothat to definebasketbd | players’ stealing and shoot-
ing abilities, weassumehere stealing ability set as 3,
and shooting ability set as5, corresponding upper limit
vauesarerespectively 4 and 24, both lower limit val-
uesarel, and randy setvaluesarealso 1yinexperi-

ment, wedefined weight o, @, valuesare 0.26and

0.74, intesting phase, we select 20 competitions, we
make changing by akind of artificia way, after chang-

TABLE 2: Traditional predication result table

If predicted that it is passing, then carry out next Session Shooting Passing Dribbling
predictionthat : catching people, ingenerd, hewill s gesgon 1 88 76 95
lect nearest player, butit should also consider whether g0 2 89 79 91
|t|sber'1ef|C|aI to aceor not, soin certain rar]ge, ifit segons 86 7 86
hfask plepgsof basketball players, thentothej player, o .4 o1 24 88
hisbeneficial degreecan beexpressed as: Sesson’5 92 81 o4

1 Session 6 70 83 92
o =W, xU +W, Xx—. —
i 1 XY apF, 2 dZ W W, =1 (36) Session 7 82 75 96

In above formula, factor weight is respectively ~ Session8 86 71 o1
w, andw, , representative actual distance between ~ >*9on9 87 s 93

_ o Session 10 88 82 95
teemmate j andholding playerc isusing d., i 10 Average accuracy
86.1 74.8 92.4
express. rate
TABLE 1: Experiment datatable TABLE 3: On-lineneural network prediction
Session Number of Number of Number of Session Shooting Passing Dribbling
shooting scenes passing scenes dribbling scenes Session 1 80 73 88
Session 1 42 51 54 Session 2 79 66 85
Session 2 43 48 33 Session 3 85 71 84
Session 3 40 49 4 Session 4 77 69 82
Session 4 46 50 38 Sess!on 5 84 67 91
Session' 5 38 a 31 Session 6 82 77 93

. Session 7 78 71 86
Session 6 49 a7 40 .

; Session 8 71 75 87
Session 7 4 59 30 Session 9 82 79 85
Sesson 8 16 61 35 Session 10 84 72 83
Session 9 50 45 37 Average accuracy

. 82.3 70.6 86.4
Session 10 52 54 40 rate
ng'ogecézzofog T
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ing, makeconcreteandyss, theandyssisasfollowing
TABLE 1show:

According to above TABLE 1, we can predict
above salected 20 competition videosclips’ basketball
players’ holding staff movement process, prediction
resultisasfollowing TABLE 2 show:

By above TABLE 3, wecan seeon-lineneurd net-
work predictionismore accuratethantraditiona one,
average accurate prediction all are above 85%, but in
view of another aspect, passing accuracy rateisnot so
high, it mainly becausethe paper researcheson holding
movement form, and to passing, it still needstolearn
catching players’ running status.

CONCLUSIONS

By the paper final result, we can concludethat on-
line neural network prediction mode relativeto tradi-
tiond one, it hashigher accuracy in each aspect predic-
tion, which mainly because on-linetyped neura net-
work prediction constant adjusswholedgorithm struc-
turewith competition players’ sports status, and com-
putational speedisfadt, efficiency ishigh, theagorithm
istill effectiveto footbal and other sportsevents, soit
hashigher widely abilities, and can better fit for erade-
velopment.
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