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ABSTRACT

Dynamic Terrain Generator creates terrain and character elements interact with the terrain dynamically during
the start and duration of the game .Dynamic terrain tool allow player to navigate unlimitedly through all four
directions with newly generating terrain fields as progress forward without consuming system resources too much.
It gives theillusion of a real world that gives user the feeling to move anywhere he want while playing the game. It
is suited for war games, hunting games and modified version can also use for racing games
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INTRODUCTION

Development of dynamically generating terrain toejuires a study about terrain layouts. Analysing &rrains
or landscapes we can easily notice some kind dbumity or similarities in that particular terraikVe can see the
each terrain is distinguished from each other lgydiiference in the elements like trees, bushemitestructure
etc. Analysing the element like tree in a terramaan actually count almost all the tree typesat tandscape and
more over most of the terrains have some signdtases ,bushes or other elements that distributel@lwiin that
terrain. For example tropical beaches have coctweats widely distributed and alpine trees in highuales. This
selection of elements helps to identify or minimthe number of elements needed to generate dynbynicaa
terrain.

Background artists create terrains or landscapegdmes and Animations using a systematic apprdécst. they

will get the 2d layout design from the layout dep@nt along with the storyboard. Background artigte/ prepare
the backgrounds using their imagination and refegerfrom real world that support the story sequeRust they

will plan and create the farthest layer like skytef creating the first layer they will add the sed layer like far

mountain range or city sky line. Then they will atidd layer like hills or trees that displayed rhutearer after the
sky and mountain range. At the end they will adgribarest elements that usually interact with dterar props.

LAYERED APPROACH

Dynamically generating background requires thegerkd approach .First we analyse the farthest liesky. In

3D design software’s BG artists create a big spbersemi sphere and map it with large size imagekgf Sphere
or semi sphere will cover the entire terrain sgives 360 degree coverage of sky. So in any caamge sky will

be visible. Mapping the sky to the sphere usingppranethod and the size of sphere gives the raatieged.

Sphere size shouldn’t be too large as dynamicahegating terrain also removes unwanted terrains.generation
of dynamic terrain and characters also dependh@gdme environment. Let’s take a case study aragame. The
game consists of terrain that is populated witegrand bushes. Player has the role of a soldiemawthg through
the terrain in eye view so that the camera vieelfiis the movement of the player. As the playevesalong the
terrain, dynamically generated enemy soldiers attthck the player.

Second Layer

The next farthest layer like mountain range is ligidfaded and has a silhouette visual with some room tone.

This layer should automatically generate with a lmation of five or six different mountains thatlessted

randomly to form the mountain range. Let say fiveumtains created and stored in the library the iptess
combinations for five mountains is 5 factorial thef20 and also with different sizes and flippedizontal shapes.
So every time the game starts a combination wildoamly generate and placed in front of camera asngklayer
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after the By layer. Whenever the camera moves another diftesembination will randomly generated and att
with the extended end (in the direction of camean)of the first combination .So it always keep #&symmetry
needed for the backgrounds.

il '

Fig. 1 Crowded coconut trees in tropical plac [3] Fig. 2 Sky wrapping the entire terrain using the spere primitive [3]
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7 Fig. 4 Partially hided mountain range by border
Fig. 3Attach to the extended end of first combinatio [3] hills [3]
Third Layer
Next layer elements will be more distributed in ¥saor depth axis .First we have to generate tlaénpivhich
placed in the 3d space with center of plain atz (0,0,0).Creating the feeling of depth like real ldds tricky task
for grapht artists. Graphic artists filled the plane witlkerakbnts like trees or buildings according to laydesign.
The border of plane is populated with small hilisboishes that give a partial view of far away maiumtange o
second layer. Even though thecend layer mountain range is placed nearer to roloder third layer the textu
and color of second layer makes it looks very fa the partially covered hills give the illusion @épth and th
original distance between two layers is hit Fig. 4 depicts the grtially hided mountain range by border hills
plane to give the depth illusion and it also hdfpadd new plane after the border of the currembglsuccessfull
hiding from the user.

Game starts with the placement of a plane fromlitirary of predesigned set of planes. As the gamerpssgs th
user or player moves forward and reach the endaofpn one of four directions. Once player reathesnd of the
plane world coordinate reading shows user readnedadorder of plane and other plane will add to the extend
end which also has borders with hills and bushes plartially cover the second layer far mountaidew the
previous plane can be removed if not comes in \dad/ the second layer (mountains) will shifted bahhe torder
of new plane if needed. Shifting is done usuallyirttythe player movement from first plane to secplahe where
the camera view is cheated by showing sky (likeetye view of a player jump from hill to ground)hdale shifting
of planes from thelayer. The number of planes needed is very lesésaat four as previous planes can be ac
again because the elements like tree in a plandyai@mically generating which explained bel

Dynamic Generation of Elements
In real world planes are veryuth asymmetry and the procedural algorithms of 8fw&re that generate bur
maps for the plane surfaces gives the texture wefedehe plane to look real and dynamic. A progatialgorithm
doesn’t add any extra vertices and will not chatigetopolow of plane. Every plane is made of vertices. After
placement of plane store the coordinate informatibeach vertex of that plane using a code like g¢inen below
which is using in Maya.

#include<maya/MFnMesh.|

Void outputMeshVertices(MObject &)

/attach the function set to the object
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MFnMesh fn(obj);

/Ithiswill hold the returned vertex positions

MPointArray vts;

/luse the function set to get the points

fn.getPoints(vts);

[/Iwrite number of verts

cout << ” numverts " << vts.length() << endl;

/lonly want non history items

For(int i=0;i!=vts.length();++i)

{

cout <<vtsJi].x<<
<<vts[i].y<<
<<vts[i].z<<"\n”

}

After getting the X, y and z co-ordinate informatiof each vertices the random function selects seentces to
place the element like signature tree in x,y amtirection. Another group of vertices will selectftace secondary
elements like bushes, rocks etc.

Signature tree Other elements

Version2
Versionl .
Version3

vertices

N

Fig. 5 Selecting random vertices to place elemerits Terrain [3]

Pivot point of elements can be used to place elesmamdomly. Randomly selected vertices x, y andardinates
will be the value of elements pivots.

Objectl.curentpositionx = Vi[1].x

Objectl.curentpositiony = Vt[1].y

Objectl.curentpositionz = Vt[1].z
After the generation of terrain and its elements ¢amera movement is possible in any directionvaridally no
limit for the movement to any direction. The dynaaily generating procedural bumps of the planetaadandom
placement of elements make sure the asymmetry ddedgve the reality even though the planes amnsing again
and again in the duration of game.

Dynamically Generating Characters

After the terrain generation the next major tasthesdynamic generation of game characters. Eveayacter in the
game will have a predefined set of movements. Faraa game each enemy soldier will have some preeéfi
movements. Let’s say each enemy will have a defensin cycle, shooting action, hiding action aneégeg

action. Enemy soldiers can be come under one conmtags named enemy with these four predefined mex&sm
as four methods of this class as enemy.run(), ersdogt(), enemy.hide() and enemy.peep(). Fromdhaiss any
number of enemy instances or enemy objects carebergted like enemyl.run(),enemy2.run() etc. Theeigaion

of enemy in the duration of game requires stagihgharacters and the movement of character achesgetrain.

Staging or placement will have to done only in tagnera view at any time in the duration of gameavoid the

sudden appearance of characters which affecte#iigyrit is always better to place the charackedsind the terrain
elements like tree or building and comes out oreappluring their movement. The random selectioteofin

elements to place the character gives the dynana@aitl reality needed for the placement of character

Selecting the terrain elements needed for the plane of character again depends upon the camena titer the
game starts camera view coordinates will always kesck of the elements that is currently in cameeav. If the
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pivot coordinate of an element is inside cameratleen random function may or may not select thanent from
the set of elements in camera view to place theacher.

Each character has a set of predefined movememtntikthods of an object and calls that movementarahd
Animators for game development create the animatimtes or actions needed for a character in a gbfost of
the cycle actions like run is creating using clealsanimation style where all the poses of a rurlecyvas created
without having a forward movement so that it walbk like a treadmill run.

CAMERA VIEW WORLD CO ORDINATE
X-100,Y-200 TO X-300,Y-400
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Fig. 6 Generating character movement
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Fig. 8 Placement and generation of character’s path

Fig. 9 Camera View with the tip of the gun as plagr’'s eye
view [5]

These animation cycles help to execute the forwalements separately whenever needed randomly and

dynamically. So to finish a run action charactes tmcall two methods first the run cycle and itkescharacter to
run on the same spot without having a forward maamntike a treadmill run. This run cycle happensirty the
random placement of character behind the terr@ments and the player cannot see this charactéch vghon the
spot run cycle. When a particular character isedafbr action then the second method of forward enoent will
call with start and end coordinates. Example iggikselow -

Place

placed behind A2 Tree - enemyl.runcycle()

placed behind A6 Tree - enemy2.runcycle()

Call forward movement

Enemyl.move(x1,yl,21,x2,y2,z2) —character starhfrd,y1,z1 to x2,y2,z2 co-ordinate
Enemyl.move(x2,y2,22,x3,y3,z3) —character starhfr@,y2,z2 to x3,y3,z3 co-ordinate

All the start and end co-ordinates will be terreiements like signature tree for enemy charactehsde like shown
in Fig. 8. The selection frequency of terrain elatsdo place characters in the camera view at @cpkar duration
of time can also be done randomly with a minimumetiinterval between each selection. The selectemerits
pivot coordinates will be used to place and geeettad start and end points for the character momendd other
actions like shooting, hiding etc. can also gemerahdomly. The characters are always placed ama inorelation
with the current camera view at any particular tiafethe game. So the player can move %3@ibection to any
distance like a real world and still can find amghf with enemy soldiers. Unlike usual games that player is

21



Martin Bastian Euro. J. Adv. Engg. Tech., 2015, 2(5):18-22

always going fixed path the dynamic generation efrain and characters give the real life experiente
unpredictability and exploration. Player movemenshowing like eye view so the movement of camerary
direction itself is the imitation of player eye wie

Collsion Detection of Characters

Character movement along the terrain requiers tadasollision with the terrain elements like trédish etc. After
the generation of character path the next step fd the terrain elements along the path.Usesioii detection
algorithms like below.

Let the start position of character path is (x1z§) with values (100,200,300) and end positiorx&sy2,z2) with
values (300,400,500) .Now we know any element iralie between 100 to 300 , y from 200 to 400 andalae
between 300 to 500 is in collision with charact&vement in the path.Also we have to consider tted t@lume of
the element in x,y and z direction.Now this regsiigfre data that generated when game artists creéraseabjects or
elements.This data comprises of height, width asptid of the element. So any character move in #ib will
collide if it intersects the element’'s x + widthy+ height or z+ depth.
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Fig.10 Collision of character path

Fig. 11 Camera collision with terrain elements

Many advanced functions are also available acogrdo the software using to detect the collisiongeme
programming to ease the task.Player movement camearcliping property of camera to avoid movingide
through the mesh or collision detection of camergdod to implement to increase the reality ofdhene. If the
edge coordinates of camera intersect the boundixgob terrain elements it restrict the movementafera as
shown in Fig. 11.

When the character moves along the terrain uflireg generated path itis important that charadoot touching
the ground irresepective of terrain’s dynamicalngrated irregular shape of slopes and hills. @ssiple solution
is to store all the vertex co-ordinates of the geteel path so that the root of character touchethalvertices as
move along the path. If the distance between twitices of the path is too much there is a posgjbthat the
character root will not properly touch the grouretvieen the vertices.Inorder to avoid this it istdreto use only
mid or high camera angle for player’s eye view.Alg low angle helps to hide any gap if happen ketwthe foot
of character and ground.

CONCLUSION

The dynamic generation of terrain and charactees game enhance the reality and dynamicity neeaied player
It also helps to create endless possibilities Ih\@&tual reality applications and dynamic simuteis.Dynamic
generation of terrain elerr=iits for different typégames needs to address different issues acgotalithe game
type.Dynamic generation of terrain elements andrathars is designed to work without consuming toacin
system resources so that it can work even on hainend smart phones.
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