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procedural world generation

Abstract

Procedural content generation (PCG) is one of the most advance and useful tool in modern
gaming development, which helps game developer to create the elements of gaming world
environment. Last researches shows the advantages of PCG algorithms in fields like machine
learning , texture generation, genetic algorithm implementation etc... According to the 2D/3D
games, specifications and nowadays technologies there are still many open problems waited their
solutions. The aim of this thesis is to show the advantages of PCG using example of creating
Procedural generation galaxy using unity engine as framework. Each time the galaxy has unique
stars, and each of the star have their own unique star system full of planet. Also there would be
shown some successful texture generation algorithm examples of already working Procedural

generation games like No Man Sky MMO- Open world — RPG genre.
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*  295JG030L BMMIob 49bgMoE0s

*  350M133ws3900L 3565393 MO0l 3969Mm0MGds

*  3sbgEgdol 356589¢M9d0L(3MBoE0s, MLMLGdO...), s 30D MMHO
A99bEGHOO0L 3969M0Mgds.

35013353908 IOHOL OLE6E00L 49bgH0MNOS
OobGO63E00L 3969M0M9d0L F9ga0 096905 3 456BM0gd0s60 39dEHMMGdOL oG o.
5¢MMH00mdo 049690 900099 30MH00S® d5BOLYIO FMOIMEgOL:
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f=(-F1,0);



q=(0;F1);
Xcoord=randomRadius*sin(f1)*sin(q)
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Pows3(X){

V=x-(0.5)* (0.5)* (0.5) *4+0.5f

Result= V/56 Lobgdm®o dogbodseréo 3609369c0mds

}

LodME MM 3MMOH0bsEHIOL 30 5300 9o Laby

Xcoord=cos(X)*q/2+0.5+X;

Ycoord= X;

Zcoord= sin(X)*q/2+0.5+X;
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double u, v, S;
double randomRadius;
float f, q;
List<Vector3> result = new List<Vector3>();

for (int i = @; i < starNum; i++)

{
do
{
do
{
u = 2.0 * Random.value - 1.0;
v = 2.0 * Random.value - 1.0;
S=u*u+v*y;
}

while (S >= 1.0);

double fac = System.Math.Sqrt(-2.0 * System.Math.Log(S) / S);
randomRadius = u * fac;



while (Mathf.Abs((float)randomRadius) > gNormSize);
randomRadius *= gSize;

f
q

Random.Range(minF, maxF) * (Mathf.PI / 180f); //Method1l
Random.Range(@, maxQ) * (Mathf.PI / 180f);

var xcoord (float)randomRadius * Mathf.Sin(f) * Mathf.Sin(q);
var ycoord (float)randomRadius * Mathf.Cos(f);

var zcoord (float)randomRadius * Mathf.Sin(f) * Mathf.Cos(q);
Vector3 pos = new Vector3(xcoord, ycoord, zcoord);

result.Add(pos);

return result;

3905g3H030L Mol 396965305 dmE3gdveo ggligoo

public Vector3[] GenerateArm(int numOfStars, float rotation, float spin,
double armSpread, double starsAtCenterRatio, float gSize)

{
//System.Random rdn = new System.Random();

Vector3[] result = new Vector3[numOfStars];

for (int i = @; i < numOfStars; i++)

{
double part = (double)i / (double)numOfStars;

part = System.Math.Pow(part, starsAtCenterRatio);

float distanceFromCenter = (float)part;
double position = (part * spin + rotation) * Mathf.PI * 2;

double xFluctuation = (Pow3Constrained(Random.Range(0, ©.99999f)) -
Pow3Constrained(Random.Range(9, ©.99999f))) * armSpread;

double yFluctuation = (Pow3Constrained(Random.Range(@, ©.99999f)) -
Pow3Constrained(Random.Range(9, ©.99999f))) * armSpread;

float resultX = (float)System.Math.Cos(position) * distanceFromCenter
/ 2 + 0.5f + (float)xFluctuation;

float resultZ = (float)System.Math.Sin(position) * distanceFromCenter
/ 2 + 0.5f + (float)yFluctuation;

float resultY = Random.Range(-gSize / 40f, gSize / 40f);

result[i] = new Vector3(resultX * gSize - gSize / 2f, resultY, resultz
* gSize - gSize / 2f);

return result;

35611533¢53900L 3561599BHMgdols g9bgMoMgds

for (int i = @; 1 < starPositions.Count; i++)

{

Vector3 pos = starPositions[i];



//temp

var randomRadius = 0;
var f = 0;

var q = 0;

int typeID = GenerateStarType();
var starMainType = GameStorageController.Instance.StarTypes.First(x
x.ID == typelD);

var color = starMainType.Color;

var starCls = starMainType.StarClass;

float MassSolar = (float)Random.Range(starMainType.SolMassMin,
starMainType.SolMassMax);

float RadiusSolar = (float)Random.Range(starMainType.SolRadiusMin,
starMainType.SolRadiusMax);

float starTemperature = (float)Random.Range(starMainType.TempMin,
starMainType.TempMax) ;

int sts;
do
{

}

while (stars.ContainsKey(sts));

string stn = "GSC_" + sts.ToString();

int planetnumber = Random.Range(©,
GlobalConstants.MaxDefaultPlanetNumber);

Star star = new Star(sts, typeID, starCls, stn, color,
starTemperature, MassSolar,

RadiusSolar, f, q, randomRadius, pos.x, pos.y, pos.z,

planetnumber, galaxySeed);

stars.Add(star.StarSeed, star);

}

sts = Random.Range(1, int.MaxValue);

33693900l 3561589GHMId0L s 30D BgdbBrMgdol 39bgMMgds:
Random.InitState(StarSeed);
var tmpPlanets = new List<Planet>();
planets = new List<Planet>();
for (int i = 0; i < PlanetNumber; i++)
{
var planet = new Planet();
planet.ParentSeed = StarSeed;
planet.Seed = Random.Range(1, int.MaxValue); //rdn.Range(1, int.MaxValue);
var tRnd = Random.Range(0, 3); //rdn.Range(0, 3);
planet.PlanetType = ((PlanetTypes)tRnd).ToString();
switch (tRnd)
{
case 0:
planet.Radius = Random.Range (2000, 14000); //rdn.Range(2000, 14000);
planet.AtmosphericPresure = Random.Range(0.1f, 10f);



planet.LocalBiosphereAgresivness = planet.CalculateBio(tRnd,
Random.Range(0, 1001));
break;
case 1:
planet.Radius = Random.Range(12000, 120000);
planet.AtmosphericPresure = Random.Range(100f, 10000f);
planet.LocalBiosphereAgresivness = planet.CalculateBio(tRnd,
Random.Range(0, 1001));
break;
case 2:
planet.Radius = Random.Range(200, 3000);
planet.AtmosphericPresure = 0;
planet.LocalBiosphereAgresivness = planet.CalculateBio(tRnd,
Random.Range(0, 1001));
break;

planet.ExploreDifficulty = planet.CalculateExploreDifficulty(tRnd,
Random.Range(10f, 25f), planet.Radius, planet.LocalBiosphereAgresivness);

double ElemSum = 0;

double ASum = 0;

var eCount = GameStorageController.Instance.ElementsList. Where(x => x.Rarity
== 1 || x.Rarity == 2).Count() / 2;

//planet.CompositionCore = new List<ElementComposition>();

//planet.CompositionAtmosphere = new List<ElementComposition>();

List<ElementComposition> compositionCore = new
List<ElementComposition>();

List<ElementComposition> compositionAtmosphere = new
List<ElementComposition>();

var atmoCount = GameStorageController.Instance. AtmoElements.Count / 2;
if (planet.PlanetType == "Solid")
{

foreach (var elem in GameStorageController.Instance.AtmoElements)
{

var aRnd = Random.Range(0, 2);

var eRnd = Random.Range(0, 100);

var checkpoint = Random.Range(0, 4);

if (aRnd != 0 && checkpoint != 0)

{



var quantity = aRnd * eRnd;
if (Random.Range(0, atmoCount) == 0)
{

quantity *= 10;

}

compositionAtmosphere.Add(new ElementComposition { Element =
elem, Rarity = quantity });

//planet.CompositionCore.AddExt(new ElementComposition { element =
elem, Rarity = quantity }, planet.ParentSeed, planet.Seed);

ASum += quantity;

}
}
foreach (var elem in compositionAtmosphere)
{
elem.Rarity = elem.Rarity / ASum;
}
}
if (planet.PlanetType == "Solid" || planet.PlanetType == "Selena")
{
foreach (var elem in GameStorageController.Instance.CoreElements)
{
if (elem.Rarity == 1 || elem.Rarity == 2)
{

var pRnd = Random.Range(1, 4);
var eRnd = Random.Range(50000, 150000);
var quantity = pRnd * eRnd;
var checkpoint = Random.Range(0, 10);
if (checkpoint == 0)
{
if (Random.Range(0, eCount) == 0)
{
quantity *= 100;
}
compositionCore.Add(new ElementComposition { Element = elem,
Rarity = quantity });
//planet.CompositionCore.AddExt(new ElementComposition { element
= elem, Rarity = quantity }, planet.ParentSeed, planet.Seed);

ElemSum += quantity;
}

1
else if (elem.Rarity == 3)



var pRnd = Random.Range(1, 4);
var eRnd = Random.Range(1000, 5000);
var quantity = pRnd * eRnd;
var checkpoint = Random.Range(0, 20);
if (checkpoint == 0)
{
if (Random.Range(0, 5000) > 4900)
{
quantity *= 100;
}
compositionCore.Add(new ElementComposition { Element = elem,
Rarity = quantity });
//planet.CompositionCore.AddExt(new ElementComposition { element
= elem, Rarity = quantity }, planet.ParentSeed, planet.Seed);
ElemSum += quantity;
}
}
else
{
var pRnd = Random.Range(1, 3);
var eRnd = Random.Range(10, 500);
var quantity = pRnd * eRnd;
var checkpoint = Random.Range(0, 300);
if (checkpoint == 0)
{
if (Random.Range(0, 10000) > 9900)
{
quantity *= 100;
}
compositionCore.Add(new ElementComposition { Element = elem,
Rarity = quantity });
//planet.CompositionCore.AddExt(new ElementComposition { element
= elem, Rarity = quantity }, planet.ParentSeed, planet.Seed);
ElemSum += quantity;

}
}
}
//es shesacvlelia. prosto rom ar gvqondes uelemento planetebi.
if (compositionCore.Count == 0)
{

var defElem = GameStorageController.Instance.CoreElements. Where(x =>
x.ID == 26).FirstOrDefault();



compositionCore.Add(new ElementComposition { Element = defElem,
Rarity =1 });
ElemSum = 1;

planet.Mass = 0;
planet.Volume = planet.CalculateVolume();
foreach (var elem in compositionCore)
{
elem.Rarity = elem.Rarity / ElemSum;
planet.Mass += (float)elem.Rarity * elem.Element.Density * planet.Volume;
}
}

else

{

foreach (var elem in GameStorageController.Instance.GasElements)
{
var pRnd = Random.Range(0, 2);
var eRnd = Random.Range(1000, 5000);
var quantity = pRnd * eRnd;
var checkpoint = Random.Range(0, 5);
if (quantity != 0 && checkpoint != 0)
{
compositionCore.Add(new ElementComposition { Element = elem,
Rarity = quantity });
//planet.CompositionCore.AddExt(new ElementComposition { element =
elem, Rarity = quantity }, planet.ParentSeed, planet.Seed);
ElemSum += quantity;

}

}
planet.Mass = 0;

planet.Volume = planet.CalculateVolume();
foreach (var elem in compositionCore)
{
elem.Rarity = elem.Rarity / ElemSum;
planet.Mass += (float)elem.Rarity * elem.Element.Density * planet.Volume *
50;

planet.SemiMajorAxis = GeneratePlanetSemimajorAxis(tmpPlanets);



planet.SurfaceRadiation = Random.Range(0.1f, 10f);
planet.Albedo = Random.Range(0.1f, 0.75f);

planet.DetectionDifficulty = ((planet.SemiMajorAxis * GlobalConstants.AU /
1000f) / (planet.Radius * planet.Albedo)) / 10000f;

var tmpl = (StarLumin * GlobalConstants.SunLuminosity * (1f - planet.Albedo)) /
4
var tmp2 = 4f * GlobalConstants.PI * 0.96f * GlobalConstants.StefanBoltzmann *
Mathf.Pow(
planet.SemiMajorAxis * GlobalConstants.AU, 2);

var vI'mp = Random.Range(0, 2);
if (vTmp == 0 || planet.PlanetType == "Gas")
{

planet.VolcanicActivity = 0;

}
else
{
planet.VolcanicActivity = Random.Range(1, 11); //es dasanastroikebelia rom 1
ufro xshiri ikos, vidre 10

}

if (planet.PlanetType == "Selena")
{
planet.SurfaceAverageTemp = Mathf.Sqrt(Mathf.Sqrt(tmp1 / tmp2)) +
GlobalConstants.CelsiusinCalvin + planet.VolcanicActivity *
GlobalConstants.VolcanicTemperatureEffect;

}

else
{
planet.SurfaceAverageTemp = Mathf.Sqrt(Mathf.Sqrt(tmp1 / tmp2)) +
GlobalConstants.CelsiusinCalvin +
planet.VolcanicActivity * GlobalConstants.VolcanicTemperatureEffect +
GlobalConstants.GreenHouseEffect;

}

planet.DayLengthInStandardDays = Random.Range(0.1f, 11f);

planet.YearLengthInStandardYear =
planet.CalculateYearLength(planet.SemiMajorAxis, StarMass);

planet.IsinHabZone = planet.HabZone(InnerHabitableZoneInAU(),
OuterHabitableZonelnAU());



planet.IsPopulated = false;
planet.PopulationQuantity = 0;

planet.PrefabName = "";
planet.ExloreStage = DetectionStages.notDetected;

planet.CompositionCore = compositionCore;
planet.CompositionAtmosphere = compositionAtmosphere;

tmpPlanets.Add(planet);

int p]Name = 1;

planets = tmpPlanets.OrderBy(x => x.SemiMajorAxis).ToList();
foreach (var item in planets)
{
item.PlanetName = StarName + "_P " + pIName.ToString();
item.PlanetDisplayName = item.PlanetName;
plName++;
//Debug.Log(item.PlanetName + ",E: " + item.ExploreDifficulty + ",D: " +

item.DetectionDifficulty);

}

3c03693300L BH9JuGMgdoL g9bgMoMYdOL SemymMomdo:

public static Planet CreatePlanet(Vector3 _position, int _planetSeed = -1, string

_blueprintName =

{

_position +

1000000) ;

, string _jsonString = null)

if ((int) DebugLevel > @) Debug.Log("PlanetManager.cs:CreatePlanet(" +

"," + _planetSeed + ", + _blueprintName + "," + _jsonString + ")");

// 3360063 gd0L wobEol Mg5]E03530d
Instance.RefreshBlueprintDictionary();

/] ) 56 560L B39L3o J0M0MYOO 458m0yggbgds 9gdmbgzgzomo Moibgo
if (_planetSeed < 0) _planetSeed = Random.Range(©@, int.MaxValue -

// 890mbgq3000 GHOEb30L S0gds
float _r = Random.Range(@.0f, 1.0f);

// Select a blueprint

float _previousValue = of;

Object _previousKey = null;

BlueprintPlanet _newPlanetBlueprint = null;

foreach (KeyValuePair<BlueprintPlanet, float> _k in

Instance._planetBlueprintDictionary)

dobggom

{
/] ¥y 3G06E0L 89000b39300 59MmMGBs SEBIMMBGOOL 3G 396G VIo dohg969degdol
if (_blueprintName == "")
{

/7 ¥dm360bE 900l dmdgbds s 9gdmbggzomo MoEbgol gatmgds



if (_r > _previousValue & _r < _k.Value)
_newPlanetBlueprint = _k.Key;

_previousValue = _k.Value;
_previousKey = _k.Key;
}
else
{
// ¥y 360060l doboFgds
if (_blueprintName == _k.Key.name)
_newPlanetBlueprint = _k.Key;
}

/7 3bseo 3asby@ol mdogd@ol 99Jabs

GameObject _planetGameObject = new GameObject();
_planetGameObject.name = "New Procedural Planet";
_planetGameObject.transform.position = _position;

// ¥ 36006@0lL 9mdgdbs s 3esbgol 3ersliol 4oblsBwgms
System.Type _planetClass = System.Type.GetType("ProceduralPlanets." +
_newPlanetBlueprint.GetType().Name.Replace("Blueprint”,""));

/] ¥y 36G06E0L 80603 gds
_p.SetPlanetBlueprint(Instance.GetPlanetBlueprintIndex(_newPlanetBlueprint), false,
false);

return null;

}

/7 39690069890 3e05bgEol @odMBHdS
return _planetGameObject.GetComponent<Planet>();



