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Abstract

This project contains an implementation of a Hole Creatameg simulation, and
3D engine. It was inspired by years of ideas directed towardslf game bet-
ter than any other. Three very important elements for anfyggohe are physics,
usability, and graphics. The Hole Creator allows anybodgreate golf holes
quickly and accurately. Multiple golf holes will be impontto allow for a large
variety of testing. Also, the ability to create holes is aglpe to users who want

to create their own holes and play them.

This project also includes 2D and 3D game engines. The diyresed engine
is the 2D engine. This engine shows the hole as a top viewy@tpthe user to
see the ball location and height as it flies. The 3D engine i®dified surface
graphing project, which plots surface functions. It pldts terrain in 3D and will
be used in the future as the primary game view. Major imprammto the 3D
engine are still under way. They will allow faster and clearendering. Until
these improvements are made the 3D engine takes too longwotkk holes and

thus greatly increases the testing time.

The physics of the four main forces acting on a ball whilstrityithrough air
are gravity, velocity, drag, and magnus. These forces areusted for as well as
the forces behind the ball landing and rolling. By using acef functions, these

calculations are handled with very high precision.
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1 Introduction

In the beginning, golf games such as PC-Golf that ran on aélB8yed the player
to input their club and hit the ball by striking enter. Golingas have come a long
way since that time and now allow for input such as power,reamd spin. Wind
is now also taken into consideration, as well as complexiterrSome modern
golf games even allow users to play different types of shath @s a low punch

shot, or high flop shot.

The purpose of this project is to create a foundation for arufull-fledged on-
line golf game. The design of the model is very important ie goject because
it is the model, which will determine the running time of |aagl holes and cal-
culating shots. This project will contain a Hole Creatorparfhole game, and a
preliminary 3D engine. The game will be fully functional tvithe exception of

the database and everything that relies on the database.

1.1 Game Advantages

This game will eventually include everything other golf gesyoffer and much
more. For example, different shots are carried out throwdjuséments of the
stance, grip, and ball position. This game will contain ehHayel of detail, which

will allow the experienced player to customize their shatkgreat accuracy. The
inexperienced player may use pre-programmed shots andtleaproper stance
and grip. This game is designed not only to be fun, but as amratzgolf sim-

ulation which will teach people how to play golf, how diffetegparameters affect

every shot, and allow people to practice golf without legwineir home.



Another advantage to this game will be its ability to stof@imation on a server.
Golf realism can be further extended in many ways. For examiplother games
when you lose a ball it does not matter because you have gifimitany balls. In

this game when you lose a ball, a ball can be subtracted frenddtabase. As
in real golf, it will be possible for a player to run out of b&llIThough the game
will most likely allow unlimited access to inferior ballsigyers can still suffer the
disappointment as found in real golf, when losing a brand togmof the line ball.

The database will also allow players to get golf clubs. Byrtgkhese clubs to the
driving range, the players can not only get a sense of howhfaclub goes, but
the average yardage for a club can be stored in the databade sé€lection can

then be used based on the average distance of the club.

This game will be divided into two modes. One mode of the garilealow
people to practice using their equipment and play onliné Wiends. This mode
will be low security and may allow cheating. The databasé stdre minimal
information in this mode, such as the final score of a round@oss$ibly a few
terrific golf shots that they made. The second mode is thentounent mode. Se-
curity in this mode will be strictly enforced. Cheating wilbt be permitted. Some
tournaments may cost money to enter. However, each shotrnament mode
will be saved for logging purposes as well as giving the usemnething back in
return. The player will be able to reload any hole and view ey played it.
As a direct consequence, the player need not save any gaattht they made

because they will be saved automatically.

The currency in this game will be a point system similar to e Miles, or
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Petro Points. Points will allow the user to buy new clubs atietogolf equip-
ment. They will also be able to trade in their old clubs formisj which they can
put towards a new set. In order to get users playing this gpoiets will be given
away for free. If the game generates a lot of traffic, servelisneed to be up-
graded and the game may start charging people for pointatdRwill be awarded
to new accounts in a controlled way. This way shall not upsistiag members
and minimize their motivation to create a new account. Ong twamplement
this is to change the new account bonus regularly and whewgdai, give all ex-

isting members every new account bonus automatically.

With the help of sponsors, this web site will be able to renfeae. However,
since the oldest accounts will be awarded the most point®tred benefits, new
users who wish to catch up will be able to buy their way intodbhe line status.
For example, before a user can play in a tournament they naystywenty rounds
of golf. After twenty rounds of golf, the player will be awad a handicap. If
they wish to enter tournaments without playing twenty rautieén they will have
the option of buying a handicap. Also, if they do not have gtopoints to get
the best set of clubs and they want the best set, they coul@ddiyional points

and upgrade their clubs.

Prizes will be awarded to those who enter tournaments. Thelpavho play
the best will be awarded the most points, or possibly theooptf selecting their
prize from a list. The point system works very well in thisusition because many
golf tournaments award players gift certificates to the praps Essentially, this

is the same as awarding points, which can be used in the gaml@ige pro shop.
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Tournaments will range in difficulty as well as the type of gar®nly users with
lower handicaps may register for more difficult tournameritise more difficult
the tournaments are, the better the prizes will be for thenanig. This will give
users incentive to become better. There will be many diffetgpes of tourna-
ments such as team scramble or match play. Some tournamantssh several

rounds and eliminate players each round.

This game will allow players to create golf holes. Pointd W awarded to play-
ers who create good golf holes. If users are looking to olstaire points without
paying, it will be possible to sign them up for maintenanckay®&rs may be as-
signed jobs such as, cutting fairways, setting the pin, gmggarbages, or filling
water coolers. They will be awarded points like a pay cheduhgs will ensure
that the game can stay free to people who really do not wanayp ut would
like to maintain their status with the best clubs. Anothesgibility to obtain free
points is by creating a caddy. Caddy creation would allowsus® submit audio
clips that their caddy would say. For example, if the ballla in the water, the

caddy might say "tough break” or "looks wet to me”.

A free online game controlled by a database will give this ganore original-

ity, realism, and user control than any other game.
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2 The Model

The model for this project is broken down into the mathenahtand physical
components. The most complex areas for the model are thacsuahd golf shot

implementations.

2.1 Surfaces

In computer graphics, to render properly you must have poirat can be plotted.
Many terrain generators maintain an object mesh for eaatoin the game. This
requires memory to keep track of plottable points and a lef/detail algorithm

to reduce superfluous calculations.

2.1.1 Height Function

The golf holes rely on a different structure to represenstivéace terrain. Though,
it is impossible to avoid a level of detail algorithm for callation reduction, it is
possible to reduce the memory storage for the object me$heésis an advantage
for an online game that is downloaded by many people, bedbtwilereduce the

amount of data transferred.

The terrain on a Surface is represented by a two-variabghhéinction in the
form

z=f(xy): x>0,y>0,xyeR (1)

The advantage to storing terrain in this way is that thereiseed for an object
mesh. Points can be calculated with extremely high pratisichis function of

two variables is very useful but only maintains the heighthefobject.
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Line Quadratic curve Cubic curve

Figure 1: Lines and Curves with their Corresponding Poirgresentation

2.1.2 Surface Border

To maintain the border of the Surface, points are used. Thegare somewhat
minimized though by using curves. A line requires two pqiatgjuadratic curve
requires three points, and a cubic curve requires four pofgure 1 shows the
three different types of lines used to create the SurfacddsorBy connecting
these curves or lines into a shape, the outline of the Sudanebe drawn. The
points not only keep track of the shape of the Surface but altey keep track of

the Surface location on the map of the hole. [5]

2.2 The Magnitudes for a Flying Golf Ball

The forces exerted on the ball whilst flying through the aér thre velocity of the

ball, acceleration due to gravity, drag, and the magnusforc
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2.2.1 Initial Velocity

The force vector behind the initial velocity of the golf balproportional to the
product of the mass of the ball and the acceleration of thelohad. The direction
is perpendicular to the face of the club (assuming the badliwproperly). From

Newton’s second law of motion:

F=mxa (2)

. dv

F= —
mx (3)
F xdt=mxdv 4)

t2 V2
Fdt = mdv (5)
1 V1

F is the force vectomis the mass of the ball, arads the acceleration of the club.

Timet; can represent the beginning of the shot, therefore we thav®. We get,

t2 V2
/ Fdt= [ madv (6)
0 Vi

Fxto=mxVo—mxVvy (7)

The clubs acceleration through the ball is not importantatWéimportant is the
instant of acceleration when the club meets the ball. Thilsgivie us our initial
velocity. However, there is an easier way to calculate peeriitial velocity. For
this game, backward substitution into the position functizas used to find ap-
propriate initial velocities. That is, by inserting difét initial velocities into the
position equation (taking into consideration all forces)l ase the initial velocity
corresponding to how far the ball should to go. For exampie,restriction in
which the ball may not fly any longer than is 320 yards off theeda flat elevation

and with no wind. So if an initial velocity is used that allot® driver to go 320

15



yards, this is the correct initial velocity. Consequenby, using that same ini-
tial velocity for every club, the yardage decreases for ehah giving the correct

yardage.

According to Newton’s first law of motion, a body will remain @st, or con-
tinue in rectilinear motion unless an external force is isgmbon it. Assuming
no force is imposed on the golf ball, it should continue in @ih@ear direction
perpendicular to the face of the club. However, other fomeshe ball such as

gravity will alter the balls position.

2.2.2 Gravity

Letgrepresent the accelerative force due to gravity which is@pmately 9.8 nf
? towards the earth. Ld% be the acceleration vector with respect to gra\xjfy)
be the velocity function, anrft) be the position function with respect to gravity.
Since velocity is the derivative of position with respectitoe, and acceleration
is the derivative of velocity with respect to time, it folleswhat velocity is the
integral of acceleration with respect to time and positstie integral of velocity
with respect to time. Letbe the unit vector along the horizontal anbe the unit
vector along the vertical.
We get,

F=mxa (8)

wherea= —gx |, then

—

v(t)= —gxmxj+C (9)

andC is equal to our initial velocity vectory. Therefore,

— —

r'(t) = v(t) = —gmj x t+ Vo (10)
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Thus,
r(t) = —gmj x t?+vp x t (11)

This means that the position of the ball will follow a pardbaurve with respect
to time. Since gravity is a force towards the centre of théhgarg), the resulting

curve is an upside down parabola which is no surprise.

By applying this force to the initial velocityy = |Vp|, and using
Vo = VoCOSO X [ 4 VosSinat X | (12)

we can arrive at a distance functid(t) and height functiom(t) such that

d(t) = vocosa x i (13)
h(t):[voxsin(u)xt—%;xtz] xJ (14)

wherea is the loft of the club. [6]

2.2.3 Drag

Newton’s third law states that for every action, there is qnat and opposing re-
action. An opposing reaction to the ball flying through thresathe air resistance.
As the ball pushes through the air, the air pushes back stpsamn the ball. The
effect of drag on the golf ball will change the trajectory bétball such that it
no longer follows the path of a negated parabola, but ratis&keaed parabola as

shown in Figure 2.

If F is the force vector acting on the ball with respect to initiglbcity and gravity,

then the force of drag is
—cx F, for some scalac such that0<c< 1 (15)
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projectile with no air resistance

projectile with air resistance

Figure 2: Trajectory of Ball With Drag

Notice that since drag is a force against the projectiledwilays a major factor.
The affect of drag is heightened when the direction of winagainst the ball. As
well the affect of drag is reduced when the wind is in the samection of the

ball. Consequently, the force of wind imposed on the balllmamplemented via

the force of drag. [4]

2.2.4 Magnus

A not so obvious force imposed on the ball is the magnus fovgben the golf
ball is stricken, spin is placed on the ball. If the ball is prfectly square and
the path of the club head travels perpendicular to the chayfthe imposed spin
is backspin. It is possible to put topspin on the ball, howethes would require
hitting the upper half of the ball. A direct consequence g thould be the ball
hitting the ground soon after the club has made contact. Her¢ason, there is
no topspin in the game. If the club is square but makes coiriaanh out to in

motion (for a right-handed player) the imposed spin is bagttr If the motion of
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the club through the ball is in to out, the spin is back left. iByerting the club,
the forces imposed on the ball remains the same for a lefidplayer. How-
ever, the swing patterns are inverted. That is, in to out faglat-handed player is
out to in for a left-handed player. A fade for a right-handé&ypr is a draw for a

left-handed player. The same inversion occurs with a rigirtded draw.[2]

Figure 3 illustrates the three different ways to hit the chgjuare and impose a
different spin on the ball. The first case is when the balliscit square and the
club comes through the ball straight. Assuming they hit thkkib the middle of
the face of the club, the imposed spin will be backspin cngadi lifting effect
on the ball. The second case is when the club is square to theubaomes in-
ward towards the body in the follow through. The imposed $mim right-handed
player would be back right. The result will send the ball te téft initially and
curve the ball to the right due to the magnus effect. The kst ¢s opposite to the
second case. If the club is square when hitting the ball bading away from the
body in the follow through, then the resulting spin is badk #ad will start the
ball out to the right curving it to the left due to magnus. Fmgd illustrates the
effect of backspin on the wind flow around the dimpled goli.bas the air flows
over the top of the ball, the direction of the spin is with thdl@aw. This speeds
up the airflow over the top of the ball. However, on the bottdrthe ball the spin
is against the airflow that slows down the air under the bdle flesulting airflow
pushes the ball up. Though it is hard to see in the diagram h@could be so,
think of the ball like a boat propeller and the red arrows taHeedirection which
the propeller pushes the water. The boat would go in the dfgpdisection of the

force on the water. That is why the ball goes in the opposiection of the red
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top view

straiht through outtoin - in to out

view from behind the ball

back spin back right spin back left spin

magnus force imposed

lift right-handed draw right-handed fade
leftt-handed fade left-handed draw

Figure 3: Spin Imposed Due to Club Contact
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Figure 4: Motion of Ball Through the Air

arrows.[4]

A perfect fade or draw will land at the target.[2] This is howetgame imple-
ments draw and fade. The amount of right or left spin imposethe ball will
determine how much the ball fades or draws. To ensure thaé thieots are not
trivial, the player must aim the target precisely where takéwill land. Failure to
do so will result in an imperfect shot. If the player aims tagget short of where
the ball will land, the spin on the ball will be too much and tyedl will end up
right of the target on a fade or left of the target on a draw. l&@nather hand, if the
target is placed too far for the shot, the ball will land befidrs done curving and
the result will be left on a fade and right on a draw. This isiasgg the player is

right-handed.

The amount of backspin imposed on the ball will also deteeniow far the ball
goes. The more backspin the further the ball will go. In tgatiis possible to
inflict too much spin on the ball, however modern clubs areghesl not to do

this so the game will not handle such a scenario. This gamkmgnts the mag-
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right handed player

draw

fade

Figure 5: Implementation of Fade and Draw

nus force of backspin as a scalar vector upwards. The impittien of sidespin
is shown in figure 5. This figure shows four cases of golf shwie, fades and
two draws. The shots which surpass the target line (12 andri8aused by the
target being chosen too closely to the origin (t1). The cadesre the ball does
not curve to the target line (I1 and 14) are a result from thigebeing selected
beyond the distance of where the ball will land(t2). The whiibe to the target
represents the correct distance for the shot. Had this lbeeselected target, the

ball would have curved and landed exactly at that point.
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2.3 Direction for a Flying Ball

An easy way to visualize the position of the golf ball is tolass time as the x-
axis and height as the y-axis. Thus, the ball position is ip@réunction of height
over timeh(t). This is essentially what is happening, however, the posibif the
ball on the map of the hole must change with respegtdndy. If © is the angle
made between the ball and the target, then the ball will chamghex direction
by the function

Vo X €0S(O) x t x drag (16)

and the ball will change in thgdirection by the function
Vo X Sin(®) x t x drag a7

Figure 6 shows the triangle used to calculate the directfdheball. By sub-
tracting the origin point from the destination point, thdwes forx andy can
be obtained. With these values, the an@lean be found and the ratiGn©
andcos© can be used to project theposition andy position with respect to the

horizontali.

2.4 Ball Landing and Bounce Calculation

Letr(t) =< f(t),g(t),h(t) > be the vector function of the ball. The vector func-
tion will intersect with the terraiz = k(x,y) at timet; because

oy >0 (18)
That is, as the height position in the vector function apphea the height of
the terrain they will eventually arrive at an intersectiohieh will occur at time

t;. The point of intersection then B(f(t1),9(t1),h(t1)). To find the tangent
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Figure 6: Triangulation Between Ball and Target

vector to the vector function(t) =< f(t),g(t),h(t) > at timet; we user’(t) =<

f'(t),d(t),h'(t) > and substitute ity. Thus, our tangent vector is

< f'(t2),d'(ta), W (t2) > . (19)
Given the point of intersection of the terrain to Péx,y1,z;) we can use the
formula
z— 71 = fx(X1, Y1) (X—x1) + fy(x2,y1) (Y — y1) (20)
to find our tangent plane, whefgis the partiak derivative of the surface function,
or rather the derivative of the surface function with resgdecx, and fy is the

derivative of the surface function with respect to y. Wheraaging the tangent

plane equation into the form
Ax+By+Cz+D=0 (21)
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Figure 7: Normal Vector

we can obtain the normal vector simply by using the veetd, B,C >. Thus,

(X1, y1) X+ fy(X1,y1) —2— fx(X1,y1) %1 — fy(X1,y1)y1+21=0 (22)

and we get

< fu(x1,y1), fy(Xe,y1), —1> (23)

as our tangent plane.[6] Figure 7 shows that the angle alémde to the normal is
eqgual to the angle of reflection. The tangent plane to thesanill likely be on
an angle, so in order to calculate the angle of incidence yaplg calculate the
angle(a) between the tangent vector of the golf shot at the point @frggction

with the surface to the normal vector.

2.4.1 Absorption

When the ball strikes the ground on a hard terrain, the badllheive a greater
bounce than if it bounced off a soft terrain. This reactionniplemented by

absor ption such that G< absor ption < 1. Asabsor ption — 1 the ball will bounce
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with a greater magnitude. Aabsor ption — 0, the ball will bounce with a less

magnitude.

2.5 Putting and Rolling

2.5.1 Directional Surface Vector

To find the direction of the surface= f(x,y) at any given point, we take the
partial derivatives of the surface function. For instari€éhe given values for

(x,y) are(x1,y1), then the partial derivatives are

fx(X1,y1) = dixf(x,y), and substitute in(x,y1) (24)
fy(Xe,y1) = O%/f(x,y), and substitute in(x,y1) (25)

These partial derivatives give the rates of change iofthe x- andy-directions.
Let us denote the gradient vec®f to be< fy, fy >. The gradient vector repre-
sents the greatest rate of change for the terrain. Thatttsg iball is hit along the
gradient it will not stray from it's path. However, any puthigh is not hit along
the gradient vector will tend to break towards the gradié&@ep in mind this is
only for a small change in value, an entire putt will break snaames along many

gradient vectors.[6]

The slope of the terrain can be calculated as
slope= |Af| (26)
Recall from equation (22) that the normal vectoPét;,y1,2)) is

< fx(Xl,Y1), fY(leyl)? -1> (27)
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Let S, represent the slope of the normal vector. The rise of the abwvettor is 1

and the run is,/ fx(x1,y1)2+ fy(x1,y1)2 thus the slope of the normal vector is:

1
— 28
= V Ex(xa,y1)2 + fy(xa, y1)? (8)
1
—_ = 2
S ar (29)

However, since the tangent plane is perpendicular the riareator, the slope is

1
sope= — 30
pe=o (30)
slope= } (31)
&f]
slope= |Af| (32)

As the ball rolls along the ground, it gradually slows dowrhéti the force behind
the ball is less than the force of gravity, the ball will rematationary. If the slope
of the tangent plane to the terrainRts an incline, the ball will slow quicker. If
the slope is a decline, the ball will slow down less quickihus, if the ball is
rolling along the gradient, then the ball will be rolling ordacline. Similarly, if

the ball is rolling against the gradient it will be on an im&li

2.5.2 Friction

Let o denote the slope of the tangent plane which will cause thietbadiavel
at a constant speed. Thus, if the angle of the tangent plasieeeper tham,
the ball will accelerate down hill. Another force involvea surface rolling is
friction. If the ground imposes a lot of friction on the balch as tall grass, then
o will be increased (steeper). If the ground does not imposehniiiction, o is

decreased (flattened). The friction of a Surface is impldeteas a value such
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that O< friction < 1. As friction — 1, the Surface will slow the ball down more

and asfriction — 0, the ball will slow down less.
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3 Design and Implementation

The objects in this game that are instantiated will evehtuat loaded from a
database. For this reason, equipment objects contain aaitilgvariable so that
the player can obtain an object by sending a request to tkiersgith the object’s
ID.

Until the database is operational, the objects will be |odem selection classes.
For example, GolfClub objects are loaded from the ClubSeleclass, GolfBall

objects from the BallSelection class, etc.

3.1 Equipment Objects

This game implements two main equipment classes, GolfGidbGolfBall. The
GolfClub class maintains the characteristics of the cluthsas ID, name, length
of shatft, lie of the clubface, loft of the clubface, and dmsta which is a variable
represented by the magnitude of the force vector imposedpanfact golf shot.
The force vector would then laistance x cosa x i, anddistance x sina x i, where

o represents the loft of the club.

The GolfBall class maintains characteristics such as Ipeyaas well as vari-
ables representing how well the ball performs. The vargbf@n, distance, and
control are such that@ distance, spin, control < 1. This will allow the abil-
ity to make different golf balls each having different indival performances. For
example, the game will be able to make a distance ball, whiltlgavfurther than

a spin ball, or a spin ball that will spin better than a distahall.
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3.2 Game Objects

Viewing the file game.html as an applet runs the game. TheGaotfePanel con-
tains a HolePanel, SwingPanel, ClubPanel, and LiePane HidlePanel loads a
golf hole through a class called ShapeCreator. ShapeCisaiscussed further
in section 4.1.4. The HolePanel graphically maintains th&ton of the ball as
well as the physical target. The HolePanel zooms in on thé&&amvhich cur-
rently contains the ball, unless the ball is on the greerhdfldall is on the green,
the view will be zoomed in further to ensure a good view of tbkeh The Club-
Panel is used to select the club as well as the speed of the.swime type of
shot selection which is also on the ClubPanel will be impleted later to allow
the user to select different shots. The LiePanel uses thelasgs to get the cur-
rent ground position of the ball and display the lie. For eglanthe LiePanel will

show a picture of the ball on the fairway if the lie of the balsides on the fairway.

The purpose of the SwingPanel is to get the user input for tifespot. When

the player is swinging any club other than a putter, it wilgay a curved swing
path. When the user clicks on the swing button, the swingrtstaats and draws
the position of the club head based on time. The putt timetdwstart if the player

is putting and it would draw the position of the putter basadime. When the
player selects the power and accuracy of their shot, a golf abject is created
with the input of the golfer, golf club, ball, power, errorjnd, spin, origin, and
target. The golf game class keeps track of which player igipiaso that in the

future, multiplayer functionality can be added.
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3.3 Graphics Objects

Thanks to the code of Yanto Suryono(3], the 3D engine is una@grand without

much effort, already draws holes in 3D. When the Surfacégtiotass is run, the
SurfaceFrame parses a surface function from a string. it ¢theates an array of
SurfaceVertex objects by calculating the heights of pamtde surface function
using x- and y- regions. The SurfaceCanvas paint methodledoahich uses a

projector to project all the points in the array of surfaceices and draws it.

In order for the SurfacePlotter to plot golf holes, the wawimich the surface ver-
tices are obtained has been overwritten. The SurfaceFramealculates which
Surface is at the point before finding the height at that p&@ntface vertices also
keep track of the colour of the Surface so that when drawinggeéd not look it
up. The paint method is pretty much the same except thatairmbthe colour for

the SurfaceVertex instead of using a function of height dglibefore.

3.4 Physics Objects

A VectorFunction is like a vector except that its quantiaes functions rather than
constants. In this game, the functions within the Vectodtion class are based
on time. For this reason, VectorFunction contains a getPoathod which takes
in time and calculates their x-, y-, and z-positions. A Nolsiet is a regular golf

shot which takes into account initial velocity, gravityadr and magnus forces.
The sidespin for magnus force is represented in the Spis,casl the backspin
is maintained in NormalShot. When the swing input is gattiexresolfShot is

created which in turn creates a CalculatedShot. The job efClculatedShot

is to keep the ball moving as long as it is in motion. It stastschlculating the
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angles from the origin of the ball to the target. It then aeeat NormalShot. The
CalculatedShot keeps track of the height of the ball at ewdgrval and checks
to see whether the ball has come in contact with the grouncen/itie ball makes
contact with the ground, the CalculatedShot computes thkan incidence and
reflection. As well, the CalculatedShot computes the fobedween the ball and
the ground and decides how much absorption the ground hasedoatl. If the

force of the ball is great enough to bounce, it will createtheapNormalShot based
on new values. Eventually, the ball’s force will not be greabugh to bounce in
which time it will begin to roll. The CalculatedShot then ates a Roll that will

compute the forces of the ball with respect to ground fritod gravity.

3.5 Hole Creator Objects

Creating a hole begins by making a new hole and inputting #menand par of
the hole. The surfaces can then be drawn using differenesuiSubsurfaces can
be added to a Surface which will have their own image texaleorption, height
function, and name. The undo option so far allows the usentlines which
they created by accident. This is kept track of in a Job stack that whenever a

new line is created, a corresponding Job is created and gpushine stack.

The GolfHole is made up of Surface object, and keeps trackefpbsition of

the pin, and tee decks. Surface uses a string to represdreitite function. Once
this string is parsed, the height at any point can be readilgined. The structure
of the hole is aVector tree starting with the out of boundd&a. Each Surface
contains a Vector of subsurfaces, so that each point of @a&urhay exist only if

it is contained in it's parent’s Surface.
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Once all the Surface objects are created the user can seintheng tees. This
feature is realistic because pin and tee placements on aguiée are changed
on a daily basis. By changing the position of the hole on tleegy (resetting the
pin) the hole can play very differently. The pin could be gldat the back of the
green allowing for an extra club to be used, or at the frontenelone less club
would be used. Also, depending on the difficulty of the greka,hole could be
placed on a plateau or along a break. Tee decks do not havechsaffiect on the
play of the hole. However, it does add realism to the gamelbyaig them to be

reset easily.

3.6 Object Interaction

3.6.1 Game Object Interaction

If p1 and p2 represent the two points, ball position and targggpectively, then in
the case of a perfect shot with no sidespin, the ball shodloviche path along
a line created by p1 and p2 towards the direction of p2. Thygetaepresents the
line of the ball, not how far the ball is hit. For a straight shbe ball will follow

a more accurate path if the target is further away than thimditistance of the
club. However, for a shot with sidespin, draw or fade, thé \Wwal follow a more
accurate path if the target is placed where the ball should. I4n the case of a
right-handed fade, if the target is short of where the bailtitg the ball will have
too much spin and end up right of the target. If the target edsd¢he distance of
the ball, the ball will not have enough spin and fall left oéttarget. This is the
same for a left-handed draw and opposite for a right-handaa dr left-handed

fade.
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The backspin on the ball creates lift. As a ball spins in tnethé dimples create
turbulent airflow that moves the ball up or down, for backsgnd topspin respec-

tively.

The shot begins by interpreting which type of shot was madethé case of a
putt, only the Roll need be calculated. Other shots createrenBllShot which is
a ball path through the air. The input for the shot that is gagti from the Swing-
Panel is the sidespin on the ball, force, and error. The ifiput the ClubPanel
will determine the type of shot and which club is used. Thegiarand target are
obtained from the HolePanel. With all this information, dd@&atedShot is cre-
ated. In the case of a NormalShot, VectorFunctions for thend¢Shot and Spin
are created. As the ball flies through the air the Calculdteti8hecks whether
the ball has fallen below the terrain. When this happens tlumte is calculated,
force and direction are updated, and a new NormalShot igextesith the up-

dated values. The ball will continue to bounce off the grountil its vertical

force vector is less than the force of gravity. At this poiftall shot begins. The
CalculatedShot continues to update time and get the posifithe ball with re-

spect to ground slope. Eventually, the horizontal forcé suibside and the ball

stops.

By clicking on the SwingPanel, the shot is reset. The plajileukl then choose
their next club, spin, and go again. If the player selectspiliger, the putt shot
is used as default. The SwingPanel also changes to a puttoigesather than a

swing. Figure 8 shows the class diagram for the golf game.
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3.6.2 Hole Creator Object Interactions

Creating holes are described in appendix A.2. The HoleGreeses a LineSelec-
tor panel to control which tool the user is using. The Shapator handles all the
events of creating segments. The add menu in the menubaddaselect which
Surface they can edit, or which Surface to add a subsurfa¢ggaore 9 shows the

class diagram for the HoleCreator.

3.6.3 3D Object Interactions

The surface vertices are created in the main class. The afnagrtices is then
passed to the SurfaceCanvas to be painted. The SurfaceClaaneles all the
rotation events and the SettingPanel handles all the ingnainpeters. Figure 10
shows the changes made to the SurfacePlotter project im tvdgdisplay golf

holes. Figure 11 illustrates a hole projected into 3D udihegSurfacePlotter.
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Figure 9: Class Diagram for HoleCreator
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Figure 11: 2D Map Rendered in the 3D Engine
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4 Results

The golf shot relies on many parameters including, poweoyespin, wind, and
club. The shot may also be altered depending on the typerairtesn which the
ball lands. The parameters embedded into the terrain tloat &dr different shots
are absorption and friction. By altering these parametaespall will fly, land,

and roll differently.

4.1 Flying Golf Ball

For a flying golf ball, all of the above mentioned variabledl @&ffect the shot.
Since, the shot will become increasingly complex with déf& variable input,
some default values have been chosen for each shot in orddrote how the
specific variables change the golf shot. Table 1 illustrétesdefault variables

selected for they flying shot tests.

Default Parameters
Variable | Value
Club Driver
wind 0 mph
Power 100%
Error 0
Absorption 0.5
Friction 0.1
Backspin | 25 revolutiongsec

Table 1: Default Values for Shot Input

4.1.1 Force

Every club has a default force vector. When this force veistosed at 100% the

ball will fly further than if hit with less force. The realisrhat this imposes on a
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golf game is that the user may také43or 1/2 swings thus, obtaining less distance
on their shot. In golf, it is recommended for high Iron and \§eglay to develop
your 3/4 and /2 swings in order to get precise shots around the green. Pable

illustrates the distances obtained through each club leyiadf the force imposed

on the ball.
Distance (yards)
Club || 100% Power | 75% Power | 50% Power
Driver 282.68 170.26 77.17
3-Wood 271.99 164.29 74.67
5-Wood 259.16 157.04 71.41
3-Iron 233.14 141.99 64.78
5-lron 219.77 127.59 58.28
7-Iron 176.47 102.58 60.65
9-lron 132.88 72.32 48.12
P-Wedge 107.20 62.41 40.14
S-Wedge 74.76 43.57 29.36

Table 2: Display of Distance with Variable Power and Club

4.1.2 Backspin

The magnus force imposed on a ball will create greater lifithenball if backspin
is increased. By increasing the backspin on the ball, tHesballd go further, and
thus decreasing the backspin will force the ball to go a shatistance. Recall
from section 2.2.4 that topspin has not been implementedaliteproducing a

poor shot. Table 3 illustrates the effects of backspin orbtie

4.1.3 Absorption

When the ball hits the ground, the impact reduces the forg@gad on the ball.

For a very hard terrain such as a cart path or rock, the albsom the ball is not
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Distance
Club || 50rpm Backspin | 25rpm Backspin | Orpm Backspin
Driver 304.97 282.68 239.0
3-Wood 295.67 271.99 230.0
5-Wood 283.84 259.16 218.32
3-lron 258.57 233.14 195.4
5-lron 244.5 219.77 185.59
7-lron 198.9 176.47 148.43
9-lron 151.66 132.88 111.48
P-Wedge 123.23 107.20 89.72
S-Wedge 86.81 74.76 62.44

Table 3: Display of Distance with Variable Spin and Club

as great as it is for a soft fairway. Each Surface is assignegbaorption level.
The absorption level can change under different conditiéios example, if the
terrain is wet, the absorption is heightened. Since thelsmsaan be arbitrarily
assigned, the general practice is to assign water and outwfdoregions to 0
absorption. That is, they completely absorb the ball upgoeich Surfaces such
as bunkers and tall grass are given absorption rates of @ppately 0.2. Fairway,
greens, and tees are given an absorption of approximatlgr@l hard surfaces
such as rocks are given an absorption rate of 0.6. Tablestréiies the effect of a

ball landing on a Surface with different absorption levels.

4.1.4 Friction

As the ball rolls along the ground the ball will slow down éiféntly under sur-
faces with different friction levels. The ball tends to rdlither on pavement in
comparison to a fairway. Also, the friction of the rough igater than that of
the fairway and will tend to slow the ball down more. The foct level in this

game corresponds directly to how much force will be removedfthe ball at
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Distance

Club | 0.2 Absorption | 0.4 Absorption | 0.6 Absorption

Driver 229.62 255.91 336.31
3-Wood 222.57 247.01 322.24
5-Wood 214.21 136.48 305.51
3-Iron 196.96 214.69 271.53

5-lron 180.41 194.1 240.03

7-lron 150.75 158.1 187.79
9-lron 119.02 121.2 150.64
P-Wedge 99.17 98.95 119.65
S-Wedge 72.45 70.34 81.58

Table 4: Display of Distance with Variable Landing SurfadesArption

every interval. A fast Surface will remove 0.1 friction aeey interval and a slow
Surface will remove 0.5. Table 5 illustrates the effect @& thstance of the ball

landing on surfaces with different friction levels.

Distance

Club 0.2 Friction | 0.4 Friction | 1.0 Friction
Driver 278.65 276.66 275.45
3-Wood 268.23 266.36 265.27

5-Wood 255.79 254.11 253.1
3-Iron 230.43 229.07 228.29
5-lron 208.68 203.13 199.8

7-Iron 168.58 164.61 162.24
9-lron 127.88 125.38 129.93
P-Wedge|| 103.73 102.03 101.01
S-Wedge 72.95 72.05 71.52

Table 5: Display of Distance with Variable Landing Surfacefon
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4.1.5 Wind

The distance of the ball can be heightened when the wind istd¢he ball. Wind

could also push against the ball, forcing it to lose distamcé could push the
ball from the side altering its direction. Table 6 displalys tlistance of the driver
with variable winds. Figure 12 illustrates the resultingion of the ball under

these wind conditions. The numbers in the figure refer to tteesponding tests

in table 6.
| Wind | Magnitude | Direction | Distance |
#1 Omph - 282.31
#2 | 8.5mph N 310.44
#3 8.75mph S 253.92
#4 9.75mph w 285.07
#5 9.75mph E 285.57
#6 | 14.95mph SE 2594
#7 | 17.85mph NW 327.92

Table 6: Display of Distance with Wind Speed and Direction

4.1.6 Error

In golf, every shot is a potentially good or bad. In order ttaiiba good golf shot,
the player must hit the ball the way they want to. The inputef$wingPanel for
this parameter is taken in as the error. As the club makescowith the ball, the
club could be square or facing left or right. If the ball is sdgfuare to the target,

it is considered a good shot. However, when it is not squardotl will tend to

go left or right according to the direction of the clubfacegufe 13 illustrates the
position of the ball when struck with different error rat@$ie balls on the left are
caused by a-15° error rate. The balls down the centre have no error and tie bal

on the right are due to a 1®rror rate.
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Figure 12: Display of Wind Displacement for each Wind Trial
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Figure 13: Display of Position with Variable Error and Club




4.1.7 Randomness

The ball bounces at the first point when its height falls befbevterrain height.
Randomness in the game can be implemented by changing teeitiorement
from its regular 0L second interval to update based on real time. Withla O
time interval, the ball will land in the same place becauseall will always fall
below the terrain at the exact same time. With a random titeeval the ball will
fall below the terrain at a different time because the tinterirals are no longer
uniform. If this time is slightly different when the ball falbelow the terrain, the
ball will land on a different point and bounce on a differeamigent plane. Table

7 shows the drive values with random time intervals.

| Trial || Distance |
#1 283.96
#H2 282.59
#3 287.36
#H4 283.07
#5 283.15
#6 283.19
#7 284.4
#8 283.92
#9 285.14
#10 284.52

Table 7: Drive Values with Randomness

4.1.8 Fade and Draw

As mentioned before the sidespin on the ball will cause tiiedaurve towards
the target. Figure 14 illustrates three different pos#iohthe target. Figure 14.a

represents a perfect draw or fade which occurs when thettargelected to be
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Figure 14: Draw and Fade with Different Target Locations

the point where the ball first lands. This target is ideal bseat allows your ball
to come in and roll to the side rather than straight. Figure 1i4es a target that is
positioned far beyond where the ball would first land. Whes tidrget is chosen,
the ball will not be able to completely fade to the target befid bounces. A
scenario such as 14.c will occur when the target is seleotedlbse to the origin.
The ball will fade to this target too quickly and end up beydine target before

the ball even lands. The result in golf terminology is a sbcéook.

4.2 Rolling Golf Ball

Swing speed is used in putting to control the distance of & paitreal golf this
is called weight. The game implements the fastest swingdsfebe 0 and the
slowest swing speed to be 100. The faster the swing speedijrther the ball

will roll. Table 8 shows the default values for the rollingldast.
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Default Parameters
Variable | Value

Club Putter
Wind 0 mph
Power 100%
Error 0

Fastest Swing O
Slowest Swing 100
Distance Yards

Table 8: Default Values for Putt Input

4.2.1 Friction

As the ball rolls along the ground it will slow down differéytipon surfaces with
different friction levels. The ball tends to roll further pavement in comparison
to a fairway. Also, the friction of the rough is greater thhattof the fairway and
will tend to slow the ball down faster . Table 9 illustrates #ffect of the distance
of a putt when the ball rolls on surfaces with different fioct levels and variable
swing speeds. Figure 15 shows the difference between desaor a Surface
with 0.1 friction(left) and with 0.8 friction(right).

Distance(yards)
SwingSpeed || 0.1 Friction | 0.2 Friction | 0.4 Friction | 0.8 Friction
10 165.06 83.05 42.05 21.51
25 137.56 69.23 35.06 17.94
50 91.74 46.18 23.4 11.99
75 45.92 23.14 11.75 6.04
90 18.42 9.31 4.76 2.47

Table 9: Display of Distance with Variable Surface Fricteomd Swing Speed
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Figure 15: Result of Applying Different Friction When Puii
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5 Conclusion
5.1 Summary

It is apparent that through the results, the largest affet¢he distance of the ball
can be attributed to power. Backspin also plays a major rokhé distance of
the ball. Since power and spin are input from the user, theegataws the user
to have most of the control for distance. Another signifigafitence on the dis-
tance is the terrain absorption. Since the ball will be absdmore in sand or
tall grass it is common to see the ball not make it much furthan their original

landing positions. The player must be careful when landimgh@ green with a
lot of force as it would be likely to travel right over. Winduses the ball to be

offset in the direction of the wind, generally within 20 yarof the target.

Surface friction does not affect the flight of the ball, butemhthe ball starts
rolling, friction matters a great deal. Friction is the moaportant force when
it comes to putting. A lot of friction can slow the ball downigkly, whereas little
friction makes for fast greens. In professional golf toumeats, it is common to
hear about how fast the greens are playing. This game canfuséan level of

about 0.1 to simulate fast greens. A friction level of 0.2 Widoe twice as slow,

this would make putting much easier to control and good tot@ on.

5.1.1 Future Work

The immediate improvements on the game are very minor. Fample, in this
game simulation wind has a constant displacement in eveegtithn for constant
magnitude. In reality, wind has more of an affect if it is agsithe trajectory of

the ball than if the wind is with the direction of the ball. lowid also be nice to
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have an algorithm that would allow the ball to roll around tide as it does in re-
ality. The physics need constant tweaking to ensure grezaism. When a new
Surface is created such as a rock, the absorption and frigddables must be
set precisely in order to preserve the realism. Testing hawis many variables
which should be changed to display better bouncing anchgplliLastly, backspin
has not been implemented under rolling. When the ball batgmsll with lots of

backspin, it will roll backwards. This process would be tbag animate without
a spinning ball as it would look like the ball is being dragdedtkwards. In the
future, the game should have a 3D spinning ball as well ashitigydor it to spin

backwards.

The game needs to disable appropriate ActionListeners weeassary. This will
prevent the occurrence of two Graphic objects being paiatetie same time.

When this occurs, they often paint over each other.

The most important objective is to get this game online. tasuntil the game is
online that the popularity of it can spread. For this reasba,game has always
been geared towards an applet rather than an applicatiois. still undecided
whether or not sockets or RMI will be used to communicatentlead server op-
erations. Sockets are good because they allow completeotomer how objects
are created and passed between each other. However, saradjeshmight prove
to be very tedious to update. | have not yet learned RMI, buillhe taking a
course on it in the fall. It is then that | will decide which wayimplement the

server.
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The database should not prove to be difficult to assembleaas thas already
been successful communication between Java and MySQL. Hoyke database
should be put off until all variables are accounted for, st thbles need not be
updated. Golf equipment, as well as shots, and player irdtom will be stored

in the database.

Verification systems will be put in place so that the serveogmizes any spoofed
packets and discards them. Also, systems will be put in glaemsure that the
user may not be able to alter their shot input before it is getite server. Security
on the server is most important as the user should have veitgtl access to the
database. For this reason, only the server will be able kottathe database by
computing the user input. For example, the user will onlydsacross the shot
information that is necessary. The server will then sendk aformation such

as wind which will be server controlled. This will allow theer to rely on the
server to complete their shot. Also, the user cannot acdouixact wind while

making their shot. If the client sent the server the windnttieey would have full

control over the shot input. By talking back and forth, theseecan calculate the
shot before the client could possibly know where the ball @nd up. When

the shot is finished the server will check to make sure thecéaded up in the
same position which it calculated. If not, the server wil lihis information and

handle it accordingly.
The online simulation will contain many aspects of golf whweill allow the user

to practice. There will be at least one putting green, cimgjgireen, driving range,

and practice hole so that the user may be able to get a feelinyd physics of
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the game by practicing with their equipment.

The 3D engine can plot holes already, however, it uses dasetal shapes that
it projects without much control. The next step in the 3D eegs to select the
points where it projects more precisely. Instead of chapsoliours at points and
filling shapes, the 3D engine will select the points overnvaes of its texture map.
That is, if the texture map for the Surface is 10x20 pixels,3B engine will plot
points that are every 10 pixels along the x-axis and everyigélgalong the y-
axis. The engine will then transform a copy of the texture noaghe transformed
10x20 shape and paint it. This will ensure much better gapowever, it will
not show up close curves in great detail. The goal of the 3Dnenig to keep
it robust enough to possibly use in other games. For thiooredhe 3D engine
should be capable of rendering, as though being driven drimuengolf cart. If the
engine can make it that far, then other games which includg ca ships could
also be created. This combined which the physics of prdgscshould allow for

easier future game development.

Multiplayer functionality will be added to the game so thaets may play with
each other in fun, friendly games. As well, tournament fiowzlity will be added
so that players can be ranked amongst others. A point sysirbemused as
the game currency to buy clubs, balls, and any other equipni&ints will be
awarded to users who enter tournaments according to tmir hais also possible

to award golf clubs or other prizes.

The HoleCreator will be put online so that users can save ti@es. Points
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may be awarded to people who create holes. There may be sortrelcover

who can make holes. For example, the ability to create a halg lme awarded
as a tournament prize for low ranking players. By using thizepthey can get
points. Otherwise, they may settle for a prize of lesserevalthe aspect of hole
creation is difficult to maintain as people may copy holes #na already done or

they might make bad holes. It could prove to be very tediowhtxk every hole.

Another possible way to earn points is to have courses wheciple must main-
tain. If they maintain well they will be given the option of m&ining more

courses. However, if they maintain poorly, they could reeea temporary ban
from maintenance. Maintenance could be things such asgélte pin and tees

for every hole, or possibly some sort of grass cutting, vadgor drainage fixing.

Online forums for game ideas are a definite must. User inpuhergame will
be very highly awarded. When users give good ideas for theegpoints will be
awarded to them. Bad ideas, or ideas that have already beegtthof might still
get points, depending on the idea expressed. The best idikpsolvably be kept

private so that other games do not steal them.

Finally, some form of caddy creation is planned so that piagan create (many)
sounds for each lie. Some caddies may prove to be mean artthtgwthers may
encouraging and peaceful. Though it is not yet decided veneihnot to allow

submission of these sounds or just submission to their URL’s
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6 Known Bugs
6.1 Overlapping Surface Bug

Sibling surfaces occur when two surfaces have a commontpdreere is not yet
overlap detection for sibling surfaces. The reason thene igverlap detection is
because if the two surfaces did not overlap, then it wouldikegyi for there to
be a gap between them. Consider the case where two siblifagesy rough and
water, are added to the out of bounds region. If there liespabgéween these
surfaces, then the ball could roll out of bounds when it iBngltowards the water
from the rough. This would cause a stroke penalty and fore@ldyer to begin at
the origin rather than the point of entry. Overlapping thesdaces prevents such
an occurrence. When the game searches for the Surface Wisdbatl resides
on, it looks in the order that the surfaces were created.tiRgirs also done in
that order to ensure subsurfaces are painted on top of thents. If the rough
was created before the water, then the ball will find itselftio& rough region.
But the hole will paint water over top of the rough making ipapr that the ball
is in the water region. The only way to fix this, is to minimizestoverlap of
sibling surfaces without causing gaps. In the future, spBurfaces might share

segments between themselves to allow for perfect overlap.

6.2 Undefined Surface Bug

There is currently no detection or implementation to alleve tregions to flow
into each other. Consider two parallel plazes- 0 andZ = 1. If the first plane
is defined over regiomR; and the second is defined over regigsn then when

the ball travels between the regions, if its between 0 anéidn it would travel
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through a void where no terrain exists. However, the ballnoes on the first
detection that it has fallen below a surface. If the ball isM@®n 0 and 1, and just
enteringRy, then the ball is definitely below = 1 and will bounce on the first
point it calculates. The balls position will be set to thewgrd level at that point
and continue from there. The bug is not in the implementdiidmather that there

is no terrain defined in some regions.

6.3 Black Surface Bug

This bug is caused by an exception for converting images R@&@B to ARGB in
the guts of Java. Itis a very inconsistent bug and it is hadiiflicate the scenario
for which it occurs. Most of the time, image loading worksfpetly. It is called
the Black Surface Bug, because if the texture map does ndpiagerly, it paints

the Surface black.
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A Terminology

For a complete list of golf terms and specific golf informatguch as ball mass
and hole diameter, please view

http://lwww.leaderboard.com/GLOSSARY.HTM 1]
For a complete list of different shots and how to hit them, a4 as rules con-

cerning penalties and game play, please consult

http://lwww.surreyladiesgolf.co.uk/CRAIGS%20TIPS. pdf 2]
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B Running The Game and Hole Creator
B.1 Running the Golf Game

To run the golf game type:

appletviewer game.html

B.2 Running the Hole Creator

To run the Hole Creator type:

java HoleCreator

C User Interface

C.1 Golf Game
C.1.1 Select Target

On the GolfHolePanel there is a red X which represents tigetarThere is a
white line which connects the ball to the target. For a striagipot, the target can
be placed anywhere in the direction which you would like tothe ball. If you
wish to fade or draw the ball, the ideal target would be whieeehall lands. This
shot is much more difficult as you would have to estimate hawhfa ball will go
when you hit it as hard as you would like. In general, it is sabeplay a straight

shot.

C.1.2 Spin

The default spin on the ball is 25 revolutions per second tk$&gin. The user
may choose to increase this to obtain more distance forsheir They may also

choose to decrease the spin to get lesser distance on their sh
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C.1.3 Club

The most important aspect to a golf shot is choosing the ©gii. Since the
objective in golf is to get the ball in the hole, users will saealize it is impossible
to get the ball in if they do not hit it far enough. If the usetshit past the hole
there is a possibility that the ball will go in the hole on thayby. However, if
the ball is going too fast, it will go by the hole and possiblgebthe green where

there could lie dangerous regions such as bunkers or water.

C.1.4 Swing Power

The next most important aspect to a golf shot is the weighs. possible to hit a
club any distance between 0 and the clubs maximum yardaggetTibis weight
correct the user must select how hard they wish to hit the. cllifis value is
obtained in the players back swing. If the player takes thb ell the way back

they will use 100% power. The power for the swing is set a®fadl:

Click the swing button on the SwingPanel

Wait for the back swing marker to go back as far as you woulg tikhit it
Press the swing button

C.1.5 Swing Error

When a golfer is in their downswing, they must shift their giei keep their head
still, and do many other things perfectly in order to hit ttedl square. The error
simulation in the golf swing determines whether or not théék square when it
hits the ball. To obtain no error the user must press the shtigpn as the club

makes contact with the ball. If the player presses the swirtpb too soon, they
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will hit the ball to the right. If they press it too late, theyillhit the ball to the

left. Error is set as follows:

Set the Power (as described above)

Wait for the follow through to be square to the target

Press the swing button

C.2 Hole Creator
C.2.1 Tools

The four hole tools are:

Zoom In

Zoom Out
Translate Picture

Measure Distance
To zoom in and out, first select the appropriate tool. Clicktloe panel which
contains the hole to zoom in or out. To translate the holecséhe translate tool.
Press the mouse somewhere on the panel containing the hodg tile mouse
in the direction you wish to translate the hole. When the madsseleased, the
translation will be calculated. To measure the distandectéhe distance tool.
Press the mouse on the origin and drag the mouse to the d&stinas you drag

the mouse around the distance will be output in the console.

C.2.2 Line Tools

The line tools are:

60



Cubic To

Quad To
Line To

Move To

To use the Cubic To tool, first select it and then click on thie meap where you
wish to add the cubic curve. To use the Quad To tool, seleatlitlzen click on the
hole map where you wish to add the quad curve. To use the Liiedlpselect it
and click on the hole map where you wish to add a line. Thesettmols will add
their respective segments to the shape of the hole by appmeadiew line from
the last segment’s location. That is, when you use one oéttoess they will add
a new line after the one which was last added. The Move To tdbhvove the

very first point in the Surface to wherever the mouse is preard if so, dragged.

C.2.3 New Hole

To create a new hole click Filex New Hole. The dialog box will ask you to enter
the name and par of the hole. Once entered, a default Sudaweated which
will represent the out of bounds region. The user should tisenthe Line Tools
to create the out of bounds region. Once created the user dakgy subsurface to

the out of bounds region.

C.2.4 Adding a Subsurface

To add a subsurface click Shape Add To and then the Surface for which you
want to add a subsurface. Originally, the only Surface toduked to is the out of
bounds region. If you wish to follow a convention, add a ro&ginface to the out

of bounds region and then add all the major hole componeritsetoough. For
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example, add rough to out of bounds, add fairways, bunkers tees to rough.
Add an approach to the fairway and add the green to the appr&agions such as
water or fescue may be added to the rough or out of boundsregiben adding
a subsurface it is important to remember that you cannot podigts outside of
the parent’s Surface. For example, if fairway is a subsertacough, then all the
fairway points must be contained inside the rough shape.ShHagpeCreator will
check this automatically and prevent the user from such latem. However, it
is possible to create two surfaces which overlap. This istimeed in the bug
section and is the case of sibling surfaces. That is, if waterrough were added
to the out of bounds region, they could overlap. This woultlbea big deal,
however, the point detection on the landing and the surfacdaring orders clash
so that it is possible to land in what you would think to be tregev region but the

ball would be detected under the rough region.

C.2.5 Setting Tees, Yard Markers, and the Pin

Each hole allows the user to set the red, white, blue, andtgelgositions. These
locations are where the player would tee off from when plgyiom those decks.
The yard markers must be measured with the measuring togdlaneld appropri-
ately. The hole must be placed on the green. It is possiblettthe pin off the
green, however, the game zooms in on the green as the plagecigser to the

hole and this functionality would not occur with other suda.

C.2.6 Naming Conventions

In order to create proper subsurfaces which will update tePénel in the game,
the creator of the hole must create surfaces with nameslibatthe Lie class to

detect the type of lie based on the name of the Surface.
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red, white, blue, and gold tee decks must begin with "tee”

all rough regions (blue grass regions) must begin with "fSug
all fairway regions must begin with "fairway”

all bunker regions must begin with "bunker”

all approach regions must begin with "approach”

all greens must begin with "green”

every hole (cup /pin) must begin with "hole”

all water hazards must being with "water”

all out of bounds regions must begin with "out of bounds”
all bare ground regions must begin with "bare ground”

all fescue regions must begin with "fescue”

all swamp or similar regions must begin with "bull rush”
If the Surface is any region other than these, or the regi® tia comply with
those conventions, the default Surface will be rough. Thigie for most regions,
however, water hazards and out of bounds regions will nadeatroke penalties

if the conventions for those regions are not strictly folémly
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D System Requirements

This project was done in Java using J2SDK1.4.1 for Linux. Jéa runtime en-

vironment can be obtained frohttp://java.sun.com.

Surface Plotter Version 1.30b2 was used to create the 3heragid can be ob-

tained fromhttp://www.fedu.uec.ac.jp/yanto/java/surface/

This project was tested under Debian Linux stable versiargral Intel Pentium

4, 1.9 GHz with 256MB RAM.
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