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ABSTRACT

The paper researches on football game football goal dangerous regions,
utilizes known football knowledge, it establishes football goal dangerous
regions one dimension normal and two dimensional normal distribution
model, and uses MATLAB software to solve and simulate established
model. Calculate goal different positions’ threat level, and draws most
dangerous region. Firstly, in case no goalkeepers here let same player
shoot in different regions of field, and research field’s different points’
threat level to goal. By statistical researching, shooting success pointsin
thewholefootball fieldisin normal distribution, and finally usessMATLAB
to simulate. Secondly, in case it has goalkeeper, research same player
shooting probabilities in different points of field and goalkeeper success
save odds, finally use Matlab to simulate. By calculation, it proves when
player quality strengthened, threaten to goal is obvious increasing, and
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dangerous region expands.

INTRODUCTION

Dueto Chinesefootball development level isrela
tive backward, researchesand ana yzes shooting best
region, attack cooperation structure and technical and
tactics ways have very important significances. Our
country football expertsuse researchesand compara-
tiveandysesto anayzefootba| shootingtechnica ways
and goal, shooting region and assisting region status.
They thought domesticfootbd| playersinshooting pro-
cess such attack key linkage; they have obvious gap
and shortcomingshby comparingwith world power team
athletes, if noimprovementsaremade, and it will re-
grict Chinesefootbdl atackinglevdsimprovement. The
final purpose of football competitionisgoa and inter-
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fering goal. In 2003, Yuan Yeresearched different of-
fengvetacticswaysimpactson highleve footbal com-
petition shooting and goal™. Zou Qiu-Hua, HuHong-
Quan made statistical analysis of the 17" world cup
footbd| gameshooting god statistica andysis, they re-
veded highleve footbal gamegod rulesand features,
and made clear current technical and tactics devel op-
ment trend, tidesand orientations, discussed shooting
effectsimproving methodsand ways?Z. In 2009, Yu Ji-
Cheng, Xiao Jin-Yong researched on world cup foot-
ball gamegoa spacefeatures, by statistical analyzing
the 14" to 17" world cup footbal| gameswhole goals,
explored and found that football goal time and space
basi cfeaturesand rules, aswell asmadeactual combat
applied suggestions®.
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Thepaper focuseson modding smulaionfromtwo
aspects. (1)For player different positions shooting threat
level togod, it makesanaysisand gets dangerousre-
gion; (2) Incasethereisagod keeper to defense, makes
further research on player threat level ongoa and dan-
gerousregion.

MODEL ANALYSES

To definegoa dangerousregions, whichisasoto
define player shooting’seasiest goa region. No matter
fromwhich point player shootsinthefield, thereare
two possibilities, god or not, itisarandom event, from
which some places have biggest possibility togoa that
aredangerousregions. Lotsof factorswill impact on
player shooting percentage, most important one point
of themisplayer’sbasic quality (technica level) and
god site. Toevery player basic qudity, itisimpossible
to changein ashort time, thereforewe mainly under
some circumstances, make research on how to select
most dangerous shooting region. That isto say, we
mainly targeted same quality playersshoot in any point
of field such moment, research histhrest level togod.

When aplayer locatesin onesite beforegoa and
shootsto someplacesinfront of god, player basic qud-
ity and theball arriving at target point distance decide
target shot probability. Infact, when thetwo factors
aredefined, bal’sdrop point in goa will show certain
probability distribution. By andysis, itisclear that the
distribution should beatwo-dimensiona normal distri-
bution, itisthekey point.

When player inthefield shoots, the player should
define atarget point in some place of goal, ball will
drop in onepoint of goa with certain probability dis-
tribution. Weregard goal asaplaneregion, solvethe
distribution’sdistribution function with theregion, and
thenit can get ball shooting goal’s probability. How-
ever, shooting target point israndomly selected by
players, target point selection have strong dependency
on goal probability. In thisway, we see through all
pointsintarget region, makeintegral on shooting prob-
ability, the paper will defineit asfield one point threat
level to goal, and we useit to define goal dangerous
region.

MODEL ESTABLISHMENT IN CASE NO

————, FyurL PAPER
GOALKEEPER

Firstly establish as Figure 1 showed space rectan-
gular coordinate system, that istakesgoa bottom mid-

pointasoriginQ, ground as xOy plane, goal located
plane 7 asyOzplane.

Figurel: Goal schematic diagram
Accordingtoaboveanadysis, hereassumethat when
basic quality ask player shootsfrom A(X,, Y,) point

to distance as ¢ goal target point B(y,,z), ball in
target planer drop point showstwo-dimensiona nor-
mal distribution, and random variable y, z are mutual
independent from each other. Its probability density
functionis

(y-V.)° +(z—z1)2},

202

1
f(y,2 = WGXP{—

(y,2)eQ @)
Among them, variances and player quality k are
ininverse proportion, whileitisin direct proportion
with shooting point A(x,,y,) and target
point B(y,, z,) distance d , and deflectionangleg gets

bigger, thevariance o will get smaller. Whent = %
(that directly faceto goal center), o ANonly isrelated

to k, d . Therefore, wecan define o expression as.

o :%(cot 0+1)

cot O = _|y1 ~ Yo
Xy ’

s LBioTechnology
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d :\/X§+(yl_yo)2+212 .
It notesthat informula(1)density function, relative
variable y, z aresymmetric, but actudly ball only drop

onthegroundthat it only has z > 0. In order to bal-
ancethedengty function, welet:

Po (Xos Yoi Y1, 21) = J-'[ f(y, 2)dydz

Po (Xos Yoi Y1, 2) = 'U f(y, 2)dydz
Q

Then takethetwo ratiosasthe shooting god prob-
ability:
Pp(Xo.Yo0iY1:21) )
Pa(Xo.Yo0iY1:21) @

Makeintegral on goal probability (2) ingoal re-
gionp , defineit tobefield onepoint A(X,, Y,) threat
level to goal, that:

D(XO’ YO) = 'U p(XO’ Yo1 Y1 Z1)dy1d21
D

P(X0:Y0:Y1:21) =

Based onaboveandysis, tofiddany point A(x, ),
itsthreat level togod is:

D(x,Y) = [[ P(x,¥; Y., 2,)dy,dz,
D
Amongthem:

Py (X, Y ¥1,2,)
Po (X% Y; ¥1,2)

P(X, Vs ¥1,2) =

d=\x2+(y,-y)2+2%,

To solvetheproblem, itisgeneraly quitedifficult;
only adopt numerical integral method to solve. Firstly
define player basic qudity representative parameter k ,
concretemethodisasfollowing

According to generd professiona players status,
wethought that aplayer makes power shot to god tar-
get point from ten metersdistance (d =10)fromgod in

the goal front(6 = %), standard deviation should be

within one metersthat takes 5 = 1, byo = %(Cot 0+1,

it can get kK =10. So, when player basic quality
k =10, solvethemode and can get field any point to
goadl thresat level, partial specid pointsresult canrefer
tofollowing TABLE 1. According to each point threat
leve vaue, it canmakefidd equivaent thregt leve curve.

MODEL ESTABLISHMENTSAND MATLAB
SIMULATIONINCASEIT HASA GOAL-
KEEPER

Assume goal keeper standsin theangul ar bisector
between shooting point and two goal barsthat goal -
keeper standing positioningoal vertical plane projec-
tion region centra isthe best defense position. Player
starts shooting in field one point to goal any point

(y,2) € D,itarrivesat god planeafter time t, when
ball arrivesat the point, goalkeeper will haveacapture

probability p,(t,y, z) tobdl, inthefollowing analyze

thefunction p, (t, y, z) form.
At first, it should note that when t is certain,

cote =" 0, (1, , 2) should beadegenerativetwo-dimensiona
TABLE 1: Field somepoints’threat levelsto goal
Position (0,1 (0,5) (0,100 (0,20) (0,30) (0,50) (3,1) (3,5 (3,100 (3,20)
With defense 14.46 1454 1269 864 571 281 11.56 13.48 11.76 7.95
Without defense 12.94 12.01 8.97 4.80 2.76 1.10 10.07 10.93 8.38 4.57
Position (3,500 (51 (55 (5100 (520 (530 (550 (10,1) (10,5 (10, 10)
With defense 2.67 6.30 1141 10.36 7.16 4.87 251 0.89 533 6.47
Without defense 1.08 5.90 8.95 7.23 4.12 2.45 1.01 0.82 3.92 431
Position (10,30) (10,50) (20,1) (20,5) (20,10) (20,20) (20,30) (20,50) (3,30) (10,20)
With defense 3.82 212 006 0.88 1.85 2.43 2.19 1.48 5.32 5.24
Without defense 1.93 0.86 004 059 1.16 134 1.08 0.59 2.66 3.01
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function that radiates around with goal keeper as cen- 00
ter, asFigure2 and Figure 3:

Figure2: Capture probability curved surface simulation

figurein case tiscertain Figure4: Capture probability curved surface simulation

figurein case t getssmaller

m

Figure3: Captureprobability contour linesmulation fig-
urein case tiscertain

Whent getssmaller, curved surface peak should
increase, and areareduces, asFigure4 and Figure5:

From Figure4, we can seethat the curved surface
gtuationissimilar totwo-dimensiona normd distribu-
tion density function images, so we can use two-di-
mensiona norma digtribution probability density tode-
scribethe changetrend. Parameter t representstime
from ball shootingto god arriving, whichisa soreac-
tiontimefor goa keeper, thetime getslonger, curved
surface will become more smooth, based on above,
weget:

ct
Among them ¢ isgoakeeper reaction coefficient,

P, (t, Y, 2) = exp{— (y—a) +(z-1.25) }

y
=

i} 20 40 60 80 100

Figure5: Captureprobability contour linesimulation fig-
urein case t getssmaller

according to expert prediction, common peopl e reac-
tiontimeisnearly 0.12~0.15 seconds. According to
Figure 6, we establish equationsasfollowing:

CA_CE CA _ CE
AD+CA ED+CE

AD ED
CA(ED +CE)
AD+CA
According tofamous “strip test”, it can get com-
mon peoplereectiontimeisnearly ,/2 /10 Seconds(that
IS proposing to put a strip between two fingers of
people, when strip freefalsunder gravity effects, by

b=CE-OC= -0C

s=0.5gt?, it can calculate people reaction time).
Therefore, herecantake ¢ =1/7 (experimental vaue),

s, BioTechnology
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Figure6: Shooting forceanalysis

goalkeeper defendsinstant, deflection distancefrom
god centeris:

_ 7.32/(y, +3.66)2 + xZ
(Yo +3.66)2 + X2 +/(y, —3.66)% + X
Onthebasisof no goa keepers, to player fidld any

point A(x,, Y,) shooting goal probability, it should
amendasfollowing:
Po (%, Yo ¥1,2) = [[ T (¥, 2)[1- o (t, v, 2)]dydz

—-3.66

That p,(t, Y, z) representsgoalkeeper capturing
probability, 1- p, (t, y, ) representsprobability fail in
capturing. Sosimilarly, it getsfidld any point A(x, y)
threatlevel togod is.

D(x,Y) = [[ p(x,¥; Y1, 2,)dy,dz,
D

Amongthem:
Po (X, Y; Y1, 2,)

Po (X Y: ¥1,2)
P, (% Y; ¥;,2,) hasno goalkeepers, and:

P(X%, Y ¥1,2) =

o :%(cot 6+1),

Vi

.
d=x*+(y,-y)*+2
o4

v, V, isconstant

Here, attack player cantakebasic qualityk =10,
goalkeeper reaction coefficient ¢=1/7, ball speed
Vv, =10 meter/second, Smilar towithout defenseingtant

solution, and it can get field any point to goal threat

BioTechnologqy —
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level. According to each point threat level value, Smi-
larly it can makefield equivaent threet level curve.

CONCLUSION

Therearegreat differencesbetween stuationswith
and without defense, and when it has a goa keeper,
mainly relieson goa keeper tolet dangerousregionto
beobvioudy diminished. Thelargest threet level region
isnearby god especiadly inthedirect front. Thereforeit
aso showsfidd penaty and foul areasetting rationali-
ties.

Inthemodd, k vaueisestimated, serioudy spesk-
ing, it might aswell definethrough lots of experiments
with gatistica rules. We provesby cd culating when k
increases (that player quality increases), histhreatento
god isobvioudy increas ng, and dangerousregion ex-
pands. Regarding goal keeper quality, it isneglectedin
themodefor smplifying problems. Regarding correla-
tion problemsof multiple playersattacking and defend-
ing Stuations, itismore complicated.
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