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ABSTRACT KEYWORDS
This paper studies the threat degree of shot goal in different locations for Hazardous areas,
the football game players and maps out the dangerous zone of the goal. MATLAB;
Under certain conditions, for the same quality players shooting at any Football;

point on the field, we mainly study the goal threat degree and define the Mathematical model.
threat degree as the successful goal probability. This paper studies the
hazardous area problem in both cases with goalkeepers and without
goalkeepersinfootball door, establishes a one-dimensional normal model
and two-dimensional normal distribution model using football rules and
carries through model simulation and analysis with MATLAB software.
Studies have shown that the successful shot goal position on the pitch of
the playersisnormally distributed. The shot path of any point on the pitch
of the players is decomposed into horizontal and vertical direction. The
angle alpha and beta are introduced to build two one-dimensional normal
distribution models. In the defense case with a goalkeeper, we further
study the players’ shot threat degree and dangerous zone to re-establish
the two-dimensional normal distribution model of the alpha and beta.
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INTRODUCTION

Theultimategoal of thefootball matchisto goal
and win. The pros and cons of the shot quality of a
football team and the ability to grasp the scoring op-
portunitieswill directly affect theteam scores. With the
scholars’ in-depth exploration onthefootbdl field, there
isagrowing emphasis on the exploration of football
door hazardous area, and peopleonthisguidancear-
rangefootbdl training content, sothat thefootbd| training
methods and means can be more scientific and reason-
able. Infootball, offensiveand defensiveform acon-

tradiction. Theoffensivesdeawaysusesavariety of
tacticsto break through the other side’sdefense, cre-
ate scoring chancesto achievethe purposeof field god.
Whilethedefensvesideformsadefensesysemwitha
different tacticsinfront of thisside, set up obstaclesto
the offensive players, strangle other side’s scoring
chancesto ensurethe safety of thedoor.

Chen Ruining (2010) pointed out: the penalty area
isgoal-pronearess, followed by the cutting-edge area
of the penalty area, indicating that the goal areaand
shot areaisclosely related, thelarger the number of
shotsis, thegreater thegoasincrease, whichisinline
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withthebasicrulesof thegame. ZHONG Jun*2 pointed
out: theshot effect of different regionsisdifferent; the
front shot isthe main means of scoring. Wang Xin®
pointed out: the best shot areaincludes: 20-25 meters
fromthegod, the anglewith the god is40-45 degrees,
taking the midpoint of thegoa line asthe center, the
shot effectivenessof thisareaisabout 65%. Wang Da-
chuan®® pointed out: from the perspective of shot re-
gion, thependty areaisthecentral areaof thegod, in
the penalty areait is not the closer from the goal the
higher the score becomes, but itiseasier to break near
the penalty spot. Becausea thistimetheshootingangle
isbigger, the goa keeper isdifficult to control, defen-
svedensty isrelatively smal infront of thegoal area,
andthereforethereislessinterference. Yao Ka (2007)
pointed out that the god ishigher shot from theleft half
court thantheright half court of thetotd field area; the
smdl restricted areaisnearest tothegod, and the shoot-
ingangleisthebiggest; but a thesametimeitisnearest
from thegoal keeper, and the defenseisover-intensve,
sothegod isnot much; theshot angleof largerestricted
areaislarge, theshot distanceismoderate, sothelarge
restricted areaisthe areaof most goals. Shi Zhi-she
and Cao Wei-min (2000) pointed out that among the
high level football game of theworld today, the most
threatening shot areaistheareawithin 30 metersof the
front goal ; especialy shot in therestricted areafaced to
thegod, the scoring rateisthe highest.

This paper uses MATLAB software to conduct
simulation and analysisto the model, and establisha
one-dimensiona norma mode and two-dimensional
normal distribution modd using footbal rules.

PROBLEM ANALYSIS

To determinethe danger zone of thefootball gate,
that isto determinetheareafor playersto shot theeasi -
est goal. Wemust first study thelikelihood of goal suc-
cesswhen the player is shooting at any position. Re-
gardlessof the position from which playersshot, there
aretwopossbilitiesinor notin, anditself isarandom
event. Thereare many factorsthat affect the player’s
success goad rate, themost important of which isthe
basic quality of the playersand the shot | ocation. For
each player, thebas ¢ quality cannot bechanged inthe
short-term, so wethink thebasic quality of theplayers

iIsthesame or doesn’t differ much. Therefore, under
certain conditions, we conduct analysisontheplayers’
shot | ocation; research the rel ationship between play-
ers’ shot location and successgod rate, i.e., thethreat
degree of theplayersonthegoal.

Inthe casewithout goal keeper, whenthe player is
to shoot the ball to thegoal inalocation, thisplayer;
basic quaity and the distancefromthe player’ location
tothegod determinethe successgod probability. When
the players scoresuccessfully on thepitch, thebal lo-
cation when shooting hasafixed probability distribu-
tion; after abrief andyssitiseasy tojudgethedistribu-
tionisnormal. Herethe shot path of the playersonthe
pitch at any positionisdecomposed into horizonta and
verticd direction. Simply multiplied by thehit god prob-
ability of both directions, you can get thegod probabil-
ity of theplayersat certain point on the pitch. Thisprob-
ability can be used to define the threat degree to the
goal of thispoint.

Inthe case of having god keeper, inadditiontothe
aboveanays's, we need to analyze the successful shot
god probability of the goa keeper. Thefootbal fliesto
thegod after theplayersshot from theother sde. When
the goa keeper isin defense, one needsacertain reac-
tiontime. So we establish atwo-dimensiona normal
distribution model on thebasis of no goalkeeper.

BASICASSUMPTIONSAND SYMBOL DE-
SCRIPTION

Assumptions:

(1) Intheided situation, thebasc qudity of theplayers
isthesameor not very different;

(2) Does not consider the impact of the air and the
groundto theball speed after the shot, theba | speed
issettol0m/s,

(3) The playersonly shot in the front court, assume
that thefront court istheeffective shooting areg;

(4) consider only the standard course (104 x 69)m? and
god (7.32x 2.44)n7;

(5) Thebdl shootingtowardthegod isin straight path,
and it does not consider the case of aparabola.

Symbol description:
7 —Theplaneof thegod;
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a —Theshot angleof theplayersat apoint onthe
courtinhorizontal direction;

B —Theshot angleof the playersa apoint onthe
courtinverticd direction;

A(x, y)—Theshot point onthecourt;

B(X, y)—Thepaintwithinthegod;

f,—Theshot goa probability of theplayersat a
point onthecourt in horizonta direction;
f,—Theshot goal probability of theplayersat a
point onthecourtinvertical direction;

f —Theshot goal probability of the playersat a
point onthecourt;

k,—The coefficient to measure the goal keeper’s
angecontral abilityinhorizonta direction;
k,—Thecoefficient to measure the goal keeper’s
angecontral ahilityinvertica direction;
t—Goalkeeper’sreactiontime.

THE MODEL BUILDINGAND SOLVING
WITHOUT GOALKEEPER

Herethe shot path of the playersat any positionon
thepitchisdecomposedinto horizontal and vertical di-
rection. In the horizonta direction, the god that the
player actually seesisthe projection region of theorigi-
na goa onthevertica plane of theplayers. Therefore
theplayer will try to shot thebal | towards the midpoint
of theprojected god to ensurethehit rate, whichwould
form the probability distributionin thevicinity of the
point. After abrief anaysisitiseasy to concludethat
thedistribution should benormal, whichisthekey to
solvetheproblem. Intheverticd direction, theplayers
will try todrivedown theball’s shot height to ensurethe
hit rate, whichwill asoform aprobehility distributionin
theverticd direction. Similarly, thedistributionisanor-
mal distribution. Particular noteisthat theplayerscan
actudly kick the upper part of theground; thereforethe
normal distribution only takestheupper half part.

Wesimply multiply thegoa hitting probability of
both directions, and can get theshot goal probability of
theplayersat apoint on the court, thisprobability can
be used to define thethreat degree of thispoint.

The probability density function of the continuous
randomvaiaey is:

_(x-p)?
e ¥ _o<X<w

f(x)=
X~ oo
Whenu=0,0 =1, X complieswith the standard nor-
mal distribution:
=1 gvn
¢(X) - \/Z €
Modéd building

Frst establish the space Cartesian coordinate sys-
tem shownin Figure, takethecorner ball pointinthe
right-sideof thecourt astheoriginal point O. Theground
isthe xoy surface; the planer of the god isthexoz

surface.
AU

Figurel: Theschematicdiagram of thegoal

According to theaboveanaysis, thehitting goal
probability of theplayersinthehorizonta direction sat-
isfiesx ~ N(90,5):

Expectation of playersisshooting facingthegoa
and the shooting areaangleisyy ; assumethat the stan-
dard deviation of playersshootinginthehorizonta di-
rectioniss- . Whenthe shooting angleof playersinthe
horizontd directionise , thehitting goal probabilityis

a 21 a

P90-7 <X <90+ 7} =g{-2 <X <%} =1—2x[1—¢(%)]

Transfer theshooting angle of the playersinto the
standard norma, then use Matlab to cad culate the god
probability f, of each pointinthehorizonta direction
of the court. Accordingly, the goa probability inthe
vertical directionmeetsx ~ N(0,2.5%)

Theplayerswill try tokick thebdl low andflatin
order toincreasethegoa probability. Itisassumed thet
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the standard deviation of theplayersshotinthevertica
directionis2 5 . Playerscan actudly kick thebdl above
the ground, after making acorrection, when the shot
angleof theplayerinvertical directionis 3, thehit god
probabilityis

_ix <Ly gl
PIX < B} =X <} =42

Transformtheplayers’ shot angleinto stlandard nor-

mal, and then cal cul ate the shot goal probability f, of

the playersat apoint onthecourt invertical direction
using Matlab. So we can get on the threat degree of
each pointonthecourtisf = f,x f,.

Model solving

Through V C program, you can respectively draw
thehitting probability of thegod in horizonta and verti-
cd directions:

Multiplied by two shot god probabilitiesin thehori-
zontal and vertical direction, we can get the hit goal
probability of each point, i.e., thethreat degree of each
point, so that we can draw theequal threat degreecurve
of thecourt, asshowninFigure2:

Figure2: Equal threat degreecurveof thecourt

THE MODEL BUILDINGAND SOLVING
WITH GOALKEEPER

Assumethat the goal keeper stands on the bi sector
line of the angle between the shot point and the two
goaposts, i.e., godkeeper standsintheprojection plane
of thegoal and vertical shot line; the center of thearea
isthebest defensve position. Playersshot at apoint on

the pitch to any point (X, z) e = within thegoal, and
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after theelgpsedtimet it reachestheplaneof thegoal.

Whentheball arrivesat thepoint, thegod keeper hasa

divingbdl probability q(t, «, ) , thefollowingandyzes
theformof thisfunctionq(t, «, 3) .

First we notice that when tis constant,

q(t, «, ) should betwo-dimensiond functionwithra:

diation attenuation toward the surrounding taking god -
keeper asthe center, asFigure 3 and Figure4 show the
corresponding contour map.

__;‘?'..

Figure 3 : The contour linethree-dimensional map of the
radiation attenuation two-dimensional function whent is
constant
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Figure4: Thetwo-dimensional function contour lineplan of
radiation attenuation when t isconstant

Whent becomes smaller, the peak of the curve
should beincreased, whilethe areashould bereduced,
asshowninFigure5and Figure®6.

Ascan beseenfromFigure5, theform of thissur-
faceisvery similar to thedensity function of thetwo-
dimensiona norma distribution; therefore, weusethis
function formto describethistrend. Parameter means
thetimefrom shooting ball toreachingthegod, i.E. the
god keeper’sreactiontime. Thelonger thetimeis, the
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smoother the surface becomes. The successful diving

bal| probability for goakeeper is:

a2 B 2
_(2><k1) +(2><k2)
2,2
(\/x +y )

q(t,a,p) =€ w0

Figure5: The contour linethree-dimensional map of the
radiation attenuation two-dimensional function when t be-
comes smaller
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Figure6: Thecontour lineaveragemap of theradiation at-

tenuation two-dimensional function when t becomessmaller
Among them eisthereaction coefficient of goal-

keeper. According to experts’ prediction, thereaction

speed of normal peopleisabout 0.12-0.15s. Based on

thefamous‘‘driptest” thereaction timeof norma people

isabout /2 /10s (that isenvisaged that apieceof pa-

per isbetween thetwo fingers. When the piece of pa-
per falsfreely under theaction of gravity, thereaction

. 1
time can be calculated out froms= 3 at*). Therefore,

wemay taket = 1/7 (experimental value).

k, meansthe coefficient to measurethe
god keeper’sanglecontrol ability in horizonta
direction; k, meansthe coefficient to measurethe
goa keeper’sanglecontrol ability invertica direction.
Weget thevaluesof k; 0k, based onalarge number
of statistics, herewetakek, =20, k,=10.
M odel building

(1) Onthebasisof question (1), thegoa probabil-
ity of the playersin every point of the pitch should be
amended asf x(1-q(t.«, ) . This q(t,«, ) means the
probability goalkeeper spring at the ball,
1-q(t, «, ) meanstheprobability of not springing at
theball.
M odel solving

Similarly tothemode solving without goa keeper,
we can get the threat degree of any point onthe pitch.
Accordingtothevaueof threat degree, theequd threat
degree curve on the pitch can a so bemade, as shown
inFigure?.

Figure7: Theequal threat degreecurvewith goalkeeper

CONCLUSIONS

Comparethetwo situationswe can seethat defen-
siveunguarded and defensive arevery different. The
defensive stuationismainly theroleof thegoal keeper
meaking thedanger zone significantly reduced. Thelarg-
est threat regiond istheareanear thegod, especialy in
theright ahead, which a so explainstherationality of
largeand small restricted areaset on the pitch.

TheK vaueof themodd isestimated, Strictly spesk-
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ing, it might be better to determinethrough alot of ex-
periments according to the statisticslaw. We prove by
caculaingtha whenK increases(i.e. thequality of the
players enhances), thethreat to thegoa markedly in-
creases and the danger zone becomes larger. Con-
versely, when K isreduced, the threat degree to the
goal isalso reduced, i.e. the danger zoneissmaller.
About thequality of the goal keeper, itisnot considered
inthemodd inorder tosmplify theproblem. Thesend-
ing troop to embattled problem with several offensive
and defensive playersiseven more complicated.

Duetoalot of assumptionsand ssmplified, there
may bealittledeviationwithactud stuation. Thereare
avariety of different solutionsto the problem, for ex-
ample, we can make use of elementary algebraand
elementary geometry method. Carrying through sto-
chastic smulationin different shot point and defining
thethreat degreefunction through thegoal probability
can dso givethe corresponding results.
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