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ABSTRACT 

 

The purpose of this project is to create an infinite terrain generator for unreal engine 4 that has good performance. 

It should also feature biomes and vegetation to create a more natural feel. This is done by examining all kinds of 

noise algorithms to see what will give the best natural feeling environment, a big part of this project is also 

understanding how infinite worlds work and how to load them in so that it can run smoothly. Through our findings 

we conclude that 2D simplex noise is a good noise algorithm for terrain and biome generation, biome ID’s will be 

used to determine the vegetation. The chunk generation method will be used to create the infinite world.  
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INTRODUCTION 

This infinite world generator was created for my graduation work in the 3rd bachelor year of Digital Arts and 

Entertainment, a bachelor that focuses on game creation. This paper will go over the different kinds of ways to 

generate terrain, a Minecraft feel is being imitated so no use of marching cubes. We will go over all kinds of noise 

(Perlin noise, Simplex noise, Worley noise) algorithms to create a believable, interesting terrain. 

Procedural terrain is a good way to get a vast world that the player can thrive in. It also lessens the load on artists 

because the creation of worlds takes massive amounts of time. It can however look bland if we do not pay enough 

attention in the generation code. It needs to have some quirks, otherwise it could very easily feel soulless and 

empty with nothing really interesting to look for. 

The goal of this project is to create a terrain as interesting as possible without cutting heavily in the performance 

of the project. The Unreal Engine 4 is not designed for procedural terrain so it will be a test on how optimized it 

can be made while still retaining some of the graphical look of Unreal Engine. 

We will be going over the thought process that was used to create the terrain generator in this paper. 

 How can an infinite terrain be generated with decent performance in Unreal Engine 4? 

 

 

Figure 1: rendered terrain that consists of land biomes and sea, made possible by using chunks 
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RESEARCH 

1.  NOISE GENERATION 

Good noise generation is one of the most important things in this project so a good understanding of noise is a 

must. 

There are all kinds of noise but let’s only focus on Perlin, Simplex and Worley 

noise. Improved Perlin noise is almost the same as Perlin noise. It works like 

this: every value is placed inside a unit cube each of the unit coordinates gets 

a pseudorandom gradient vector. Because it is pseudorandom it always gives 

the same vectors for the same values. Then calculate the distance vectors, 

combine the two types of vectors. In the end, use an ease function to get our 

‘random’ value for our noise map, linear interpolation is also possible but 

doesn’t look nice. 

 

Simplex noise is also made by Ken Perlin and is supposed to be an improved 

on the Perlin noise, it has better computation in higher dimensions and should have less artifacts. The biggest 

difference code wise is that it uses equilateral triangles and instead of interpolation it uses summations. But is has 

a patent on 3D+ implementations for texture synthesis. 

Worley noise also known as Voronoi noise is a cellular type of noise and is based on closest feature points to create 

the noise map.  

 

   

Figure 3: Perlin noise Figure 4: Simplex Noise Figure 5: Worley Noise 

 
Figure 2: Perlin noise in-depth 

explanation here 

http://staffwww.itn.liu.se/~stegu/aqsis/aqsis-newnoise/simplexnoise/SimplexNoise1234-3D.jpg
http://flafla2.github.io/2014/08/09/perlinnoise.html
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1.1.  TERRAIN GENERATION 

Terrain in the real world is noisy, sometimes only plains or only mountains or combined. Tons 

of possible combinations. Most people use fractal noise to create their procedural terrain. 

Fractal noise can be made by layering a few different octaves of Perlin noise on top of each 

other. Generation of Perlin noise can be influenced by amplitude and frequency. Amplitude 

influences the range at which the result can be generated in. And frequency refers to the 

period at which data is sampled. In other words, the bigger the amplitude, the bigger the 

mountains and the smaller the valleys are. And for frequency: higher frequency means more 

mountains/valleys over less terrain. More about this in the case study. 

3D noise is also very interesting for terrain, it enables us to have overhangs and caves. It makes 

terrain way more interesting. There is one big drawback though: it is a lot heavier to generate. 

Notch did mention in his blog that you could sample the noise at a very low rate and then just 

use linear interpolation to have values in the places you didn’t really sample. 

Lastly generating an infinite terrain is not possible to do in one go. It would take an infinite 

amount of time to generate, but that is solvable by using a very well-known system known as chunks. It will 

later be explained how it is used in this project. 

1.2.  BIOME GENERATION 

A biome is a large ecological area on the earth. It has fauna and flora adapted to its respective biome. A biome 

is defined by its climate, relief, geology and vegetation. Biome’s are a big part of terrain, it gives terrain a 

certain look and makes it more realistic. 

Biomes also appear in game terrain generators, they enable the player 

to explore different kinds of terrain, plants and animals. The most 

common used practice to generate biomes in finite worlds are 

moisture, temperature and elevation noise maps. The temperature 

noise normally goes from cold to warm and cold again to imitate poles 

and the equitation. Moisture maps are more random then 

temperature maps. And the elevation map comes from the terrain 

noise map. 

But for an infinite world it is different. An infinite world has no poles 

or equitation. It is just a plain with some elevation. So, the moisture 

and temperature map are complete random with no conditions unlike 

a planet terrain generator. There could be conditions so that a desert and a snowy area aren’t able to spawn 

next to each other as it just looks weird. The values are combined to determine the biome. A lot of rain and 

warm temperatures equal jungle, almost no rain and warm equals desert, average rain and average 

temperature means your average forest biome and so on. Elevation is a bit different, when a big mountain 

appears in a warm area the top still needs to always have snow and vegetation gets smaller to more you go 

up. 

Worley noise is also commonly used for biome generation. It is a cell based noise algorithm. So, a distinct 

feature of Worley noise is the nice big areas (cells) it generates, every cell represents a biome. The problem 

with that kind of noise is that the edges are to sharp and clean. There is an easy way to get rid of that though, 

 
Figure 6: 
Chunk in 

Minecraft 

 

Figure 7: Biomes in correlation to 
weather 

https://minecraft.gamepedia.com/Chunk
https://minecraft.gamepedia.com/Chunk
https://minecraft.gamepedia.com/Chunk
https://en.wikipedia.org/wiki/Biome
https://en.wikipedia.org/wiki/Biome
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combine it with a Perlin noise map to create more uneven edges, that way a nice biome map can be 

generated. Sadly enough, this method is not really applicable for an infinite terrain generator, Worley needs 

information about the cells next to each other, so if used in an infinite world it would constantly sample cells 

next to the cell it needs information from and create an infinite loop. 

 

1.2.1. VEGETATION 

Vegetation is biome based. There are no big, beautiful green trees in the desert just like the jungle does 

not consist of dead trees and small bushes. Every biome has its own ecological system. But do mind that a 

biome is no ecosystem, biomes consist of multiple ecosystems. 

The easy way for a game or generator to keep track of the biome, is by using a number that defines the 

biome. For example, a desert has ID 1 and plains have ID 2 and so on. This is important because 

parameters for the vegetation gets linked to the ID. That way when an ID gets assigned the corresponding 

vegetation gets spawned. 

But for our terrain generator we do make them seem more like giant ecosystems as throughout the 

biome you constantly come across the same kind of plants and animals, no big differences in them. A 

random number generator and the spawn chance will determine if a tree or plant will get spawn. The 

trees and plants are also controlled by random number generators to determine the height and amount 

of leaves. 

A desert has sand as ground, a forest has leaves and other small greens and a plain has grass on the 

ground. It is important that this also gets imitated in the terrain generator. So, every ground parameter 

has a link to the ID to determine what kind of block should be on top. 

1.2.2. SEA 

The sea also has its own properties. It has all kinds of beautiful animals and vegetation in it. The problem 

is that games must be optimized to run smooth, so vegetation on the bottom of the sea that cannot be 

seen most of the time and has an intricate form, gets looked over. 

This will also be the case in this terrain generator. The sea her only properties are that it is swimmable 

and makes everything seem blurry and blue underwater. It is also independent of the terrain noise, a sea 

is flat, it has no elevation. So, in a game or generator it is mostly a plane with some post processing when 

a player is in the water. 

1.3.  CAVE GENERATION 

There are two main ways to do noise generation for caves. Perlin worms and 3d noise generation.  

Perlin worms can be quickly explained in the following way: it uses Perlin noise and the normal way to 

generate them is by using three octaves and then it will use the coherent-noise values to shape itself. A worm 

consists of several segments that are in equal length, the noise that is being generated is used to determine 

the angle between each segment. In the end, you get a worm like shape that could be perceived as a cave. 

3d noise is a bit more straightforward, in a way. Each value is seen as a density, if is smaller than a certain 

number than that means it is air, otherwise it is ground. Initially you get random placement and it feels like it’s 
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all over the place. This can be fixed by giving values below a certain height value an extra value. By doing that 

everything between a certain height has a bigger chance of being ground and that way a more natural 

landscape is created. Problems with this method, is that it is very performant heavy and can be artifact heavy. 

One of the ways to reduce this, is by sampling less from the noise map and interpolating to get the values in 

between. 

  

Figure 8: Perlin Worms Figure 9: 3d Simplex noise 

 

2.  CHUNK GENERATION 

Like mentioned earlier we need a method to split up an infinite world so it is generatable. 

An infinite voxel world is split up in smaller cubes, better known as chunks. These chunks are constantly being 

spawned and removed based on player position. Changes to chunks, because of player input, also need to be 

saved and loaded. When generating a chunk, it could damage the frames per second as it must read a lot of data. 

So, optimization will play a big role in the chunk generation. 

2.1.  CHUNK GENERATION 

Chunks always have the same predetermined dimensions and are filled with voxels. 

The dimensions and voxel size are used to determine the offset. Which is later used to determine the x and y 

coordinates of chunks. 

Chunks have an x and y coordinate that can be used to look in the noise map for the correct place so that 

when a bunch of chunks spawn they all fit together and create a nice-looking terrain. 

 

In this project cubes are being used to represent our voxels. Every point in the chunk should have data about 

the block that it should spawn. 

2.2.  CHUNK MANAGEMENT 

As mentioned before, chunks need to be loaded and removed based on player position. Changes to the chunks 

also need to be saved if there was player input on that chunk. 

Chunks are spawned around the player to give him the feeling that he is in a vast world. 

But there is a limit that is being defined by the render range. If it is inside the render range we spawn the 

chunk, if it’s outside we remove the chunk. If the player doesn’t move nothing should happen in terms of 

chunk spawning/removing. 

https://i.ytimg.com/vi/aQ-bomm3lEc/hqdefault.jpg
http://codeflow.org/entries/2010/dec/09/minecraft-like-rendering-experiments-in-opengl-4/gallery/bigger.jpg
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If the player adds a voxel in a chunk it should be added to the voxel data of that chunk, if the player removes a 

voxel it should be removed from the voxel data. If this does not get saved and the player moves out of range 

the chunk will be removed. When he then gets back in range the chunk gets regenerated based on the noise 

map, that means that all the player changes got removed. 

CASE STUDY 

  

1.  NOISE MAP GENERATION 

Like said before, there a vast amount of noise types. At first Perlin noise was used to generate the noise maps. But 

Perlin noise has some known issues with artifacts. So eventually I decided to go with Simplex noise which is also 

made by Perlin, it is just a newer iteration on Perlin noise that fixes or reduces some of the known issues with 

Perlin noise. So, the biome and terrain noise map is being generated thanks to Simplex noise. 

In this project, there are two general noise maps, the terrain noise and the biome noise map. At first the idea was 

to generate the biomes and then make the terrain noise map react. The biome map was supposed to influence the 

terrain map so that a mountain range biome would make the terrain go higher or a grassland biome could flat out 

the terrain. But generally, that is not being done, most of the time the terrain is generated and then are biomes 

being generated based on elevation values and other kinds of noise. 

After testing around it with the first idea it became clear that that was not the way to go. So, terrain is first being 

generated and then a biome map based on the terrain is made. 

1.1.  TERRAIN NOISE 

The main way to go about generating terrain is using fractal noise. A noise algorithm can be manipulated 

through two main values, not counting positions, frequency and amplitude. The frequency influences the 

amount of changes in height values, so the higher frequency the higher the number of mountains in a certain 

space. The amplitude on the other hand influences height difference. So, the higher the amplitude the wavier 

it becomes, so if your amplitude is near the 0 you get flatlands. It is quite important that the one creating the 

terrain generator knows how it will influence his terrain. 

  

Figure 9: 1D fractal noise Figure 10: 2D fractal noise 
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At first three noise functions were used each with a different amplitude and frequency but they had a relation 

to each other so they were fractals. The functions get the position of the chunk and the position of the actual 

voxel to be able to generate terrain that smoothly follows that nearby blocks or chunks. When this is put into 

practice a hill heavy landscape will be created that has the same kind of hills everywhere, in other words this 

looks and feels very plain and uninteresting. 

The first solution that was being used was a fourth noise function that was being clamped between a set 

height. In practice, this created smaller hills on the sides of the other hills, at first this made the terrain a lot 

more interesting but still not realistic, we had no mountain ranges nor had we flatlands. 

Then came the idea of doing the biomes first and have the terrain being influenced by the biome noise map, 

but like previously mentioned this did not work out at all. 

In the end two more functions were added which were the saving grace for this project. They are based on a 

different seed than the main terrain seed. They can also be easily recognized as they have a very low 

frequency and amplitude. One is being added to the terrain values just like any other normal noise function 

but the other one is being multiplied with the terrain values. This gives us high mountains, low areas and 

flatlands just what we need to make it interesting. Now the terrain looks a bit more realistic. 

 
Figure 11: Terrain noise map generation 

 

3D noise functions could be used to give even more flavor and interesting things to look at. For example, 

overhangs and caves and so forth. The bad thing about 3d noise is that it is very heavy to calculate. But this is 

definitely something that should be used to create even better terrain. This is not included in this project 

though. But it is something worth checking out. 
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1.2.  BIOME NOISE 

At first Worley noise seemed the way to go for creating biomes. It does however feel very cellular and even 

which is not a good thing. But this can easily be fixed by using a combination of Worley noise and Perlin noise. 

The Perlin noise gives the edges a nice touch. This idea was discarded however as Worley noise and infinite 

worlds don’t really go together. For Worley noise data from the surrounding cells is needed to create the noise 

this is not possible for infinite terrain as the data does not exist yet when the player isn’t close to it. 

 

Figure 12: Worley and Perlin noise combined to create irregular biomes 

 

The common way to go about it is by using two artificial noise maps and the elevation values, the two noise 

maps are generally known as the moisture and temperature maps. They do not necessarily have any impact 

on the game other than the biome creation. When this method is used the player can see that the biomes 

have circle, line shapes. Which is not really something that is desirable. 

The solution for that is by using a terrain like generation combined 

with the elevation values, this method is used in this project. At 

first high altitude places get their biome IDs without any concern 

for the biome noise maps as the top of a very high mountain 

always has snow even if that mountain is in the middle of the 

desert. Other than that, the biome maps are being analyzed, if it is 

between a certain value than that biome is being spawned, if it is 

in between something else then a different biome is spawned and 

so on. That way the biomes feel detached from elevation and have 

less the form of circles or lines. They also feel a bit more detached 

from height values. 

 

 

 

 

 

 

 
Figure 13: BiomeID logic 

https://imgur.com/gallery/8OfWc
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2.  CHUNK SPAWNING 

Like mentioned earlier an infinite world is divided into smaller parts. 

These smaller parts are chunks they have set dimensions and can be 

perceived as one giant box filled with smaller blocks called voxels. More 

about voxels a bit further down. A chunk has no information about the 

chunks next to it, it only knows data that is inside de predetermined 

area. The beautiful thing about that is that is completely autonomous. A 

chunk has a position and that’s about it, all the other data gets 

generated inside the chunk class so that it can be spawned. To know 

what chunks to spawn and what chunks to remove, we look at the 

render range. This range can be big if you have a good pc and small if you 

have a bad pc, this has a big performance impact. Because the bigger the range the bigger the calculation load. A 

big render range does give the nice-looking effect of an infinite view and chunk popping is not visible then. 

The player position is checked constantly, if the player moves from one chunk to another it registers that and the 

chunks in opposite of the player direction get removed and chunks in the player direction are being spawned. This 

system enables the feeling of an infinite world. 

 
Figure 15: Spawning actor in c++ code, initialize is called before construction so that values can be passed 

 

 If a chunk gets edited the changes need to be saved otherwise if the chunk removed and then gets respawned the 

changes are lost as a chunk normally only has a position. So, if a chunk gets changed the changed data gets saved 

so that even if it got removed and respawns the changes still appear. 

2.1.  VOXEL SPAWNING 

A 2d noise map is being used to spawn the terrain, this means that through a given x,y position a number is 

returned. This number is the z value of the highest voxel, this means that every position of the noise map is a 

voxel then that voxel is translated by the z value that is being returned from noise map. At first this gives us a 

single layer of blocks on the highest point. The way to create a filled landscape is just by spawning blocks 

under the highest block until the bottom is reached. 

Voxels have three main types of information, the position, biome ID and block type. 

2.1.1. PROCEDURAL MESH COMPONENT 

At first instanced static mesh components were used to create every single cube. The reason for that was   

because instanced static meshes are a lot more performant than spawning regular meshes. ISM could be 

used because a voxel always has the same dimensions. The problem though with ISM is that LOD’s cannot 

be used and that voxels were spawned that were not seen. 

 
Figure 14: Chunk actor in the project 
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A fix that is being used in this project is the Procedural Mesh Component, a PMC is made by constructing 

the mesh ourselves through code. If one does not know how a cube is made up in programming language 

simply export a cub in obj format and open it through a text editor. Then the geometry of a cube is clearly 

visible and it is exactly the same how a PMC cube is being made. However, the nice thing with PMC is that 

we say how much edges it has, normally a cube has 6 edges but not every side can always be seen. So, to 

determine what sides should be spawned a lookup is being done. It looks at the nearby voxels, if it is block 

then that side will not be created and if it is next to air or water or transparent blocks then that side will 

be created.  

There was one small hiccup at the start, all the outer edges of the chunk still got spawned is it has no data 

about the voxels next to them so it supposed air was next to it and all sides got spawned. This was a huge 

performance problem. The fix to it was to make the chunk a bit bigger, it couldn’t be seen that is was 

actually bigger as the outer edges would not spawn voxels. Instead it only had the voxel ID so the chunk 

could know if there was a solid block next to its edges. That way the chunk edges could be removed and 

only the top sides of the voxels get spawned. 

 
Figure 16: view of the terrain from underneath, sides that are not visible do not get generated 

 

 

2.1.2. BLOCK TYPE 

Like mentioned before, every voxel has an id. This is important because it is the only way to identify a 

voxel as an actual block instead of just some random data. The main block types are a solid block, water, 

air and transparent blocks. A block type is determined by combining the terrain noise and biome noise. At 

first the terrain noise determines if a block is solid or if it is air, nothing more and nothing less. Then the 

biome noise comes in and modifies the solid block types. This in turn then allows the generator to know 

what biome should be identified with a certain solid block. Then that modified value is used to determine 

what material will be used to visualize the voxels. It will later also be used to determine the vegetation 

and smaller things. 
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2.2.  SEA SPAWNING 

In the real world, there is a thing called the sea level, the sea will always have the same height wherever it is, it 

is flat. And under the sea, solid earth can be found. So, the straight forward way to make a sea is just by 

spawning a plane on a certain level. The problem with that however is if a player digs below a certain level he 

would find sea, and that is not how it works in the real world. The way the sea is being spawned in this project 

is first analyzing if it is a solid block or an air block on a certain height. If it is solid nothing gets done if it is air 

the air block reidentifies itself as a sea block so will every block under that until solid ground is reached again. 

At first this looked like what was needed, however because it was part of the PMC it was solid and was not 

swimmable. 

There were different solutions that have been tried. At first two mesh components in a single PMC, this did 

not work at all however. It was still a part of the PMC so collisions were still being generated. Next up was two 

PMC’s in one actor, a PMC for the sea and one for the ground. This method does work, it destroys 

performance though so this was also scrapped. Next up was spawning two actors this however felt wrong as a 

chunk should contain all the data in a single container. 

The solution used is as followed, a new block type is introduced: the sea. It has two smaller ID’s the surface of 

the sea and the rest. The surface consists of hierarchical instanced static mesh components, the mesh used is 

a plane. It enables us to give it no collision but an overlapping trigger, the trigger changes the movement and 

vision of the player when he is underwater to give the feeling of being in water. The other ID is being used to 

tell the chunk to spawn the edges of the blocks that are on the edge of the sea so it is not see-through.  

  
Figure 17: Above water Figure 18: Underwater 

3.  VEGETATION 

Vegetation is different for each climate, the main two things that influence vegetation are moisture and 

temperature. That is also why in games the noise maps that generate biomes are mostly called moisture and 

temperature noise maps. In this project vegetation is being influenced by the biome ID. The biome ID is being 

analyzed to determine the spawn change for trees, their size and leave size. It also determines the spawn change 

for small green and so on. All values are being determined by the vegetation seed that a chunk has, it is different 

for each chunk otherwise a pattern would be noticeable. 
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Figure 19: Differences in vegetation based on biome 

 

3.1.  TREE SPAWNING 

A tree is randomly generated through the use of a random stream, a random stream is seed based so this 

enables us to always have the same numbers repeating for the same seed. 

At first tree centers are randomly being spawned based on a spawn rate, the tree centers are being added to 

an array. This array will be used to spawn the tree 

trunk and leaves. Every value in the array is being 

gone over so that at first a height is generated; the 

height is determined by predetermined values that 

are the same for each biome. Then the leaves are 

generated on top of the trunk and are also 

determined by predetermined values. 

 

There were two problems encountered by using this spawning method, the trunk could not be seen through 

the leaves and there were random leaves or trunks on the edges of the chunk. The first problem was resolved 

by introducing yet another block type; the transparent block, this behaves exactly like a solid block except for 

the rendering method, for rendering it behaves like air. The second problem existed because trees could be 

spawned on the edge of the chunk but a chunk cannot influence blocks outside it range and that is way 

random floating leaves appeared. It was solved spawning trees in a smaller space than the chunk. This was a 

quick and easy way to solve it, however for a more natural feel a method should be used to know tree 

placement outside the chunk radius this would obscure chunk edges even more. 

 

Figure 20: Adding treeCenters and setting material 
(biomeBased) 
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3.2.  GRASS SPAWNING 

Grass or small green has the same way of spawning like the tree centers mentioned earlier. It is not a block 

but a mesh that gets spawned. Instanced static meshes were used to spawn the grass this did however slow 

down the project a lot. The amount of draw calls was destroying the performance. Because like mentioned 

before, LOD’s don’t work with ISM they do however work with HISM. So, in the end the ISM was replaced by 

the HISM. They have the same structure so not much should change except that the materials need to work 

with LOD’s otherwise it has no use. 

3.3.  VEGETATION PROPERTIE S 

To make everything more realistic different types of small green and trees should be spawned based on the 

biome. For example, a desert has no trees, it has cacti. A forest has more trees than grasslands and so on. 

For vegetation spawning every top block is being analyzed, the biome ID is checked and based on that, values 

change. The trees have a base spawn rate that gets higher when the biome ID is a forest and lower for 

grasslands. It also influences the height of the trees; dense forests have higher trees and grasslands have 

lower trees that almost look like bushes in some cases. The biome ID also influences the tree kind. Certain 

biomes have certain tree types. For example the desert, trees are spawned but leaves are skipped and the 

type is set to a cactus that way the player sees a cactus but it is generated with the same logic as a tree. 

The same thing happens for the grass, in desert biomes it changes into dead bushes and in normal biomes it 

also has to change to be a flower instead of grass to create diversity. 

But the vegetation is also made to obscure obvious biome edges, the desert edge is the most obvious one. But 

it looked at it closer small green can be spawned in the desert if it is near an edge and vice versa that way 

abnormalities can be created that are actually normal. 

 

 
Figure 21: Example of small green flowing into one biome from another 
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4.  PLAYER INPUT 

The point of having a voxel world is having a player interact with it 

and shape it to his liking. The player should be able to place blocks 

and remove blocks, so that the player can create buildings or 

landscapes. This makes a voxel world unique from other worlds as 

they are not that interactable. 

 

4.1.  ADDING/REMOVING BLOCKS 

A raycast is used to determine at what block the player is looking at. That way the program can know what 

block should be interacted with. When the raycast hits something it returns a position. The object that it hits 

cannot be used because a chunk is one object. The position is transformed so that it returns a vector with the 

position made up by integers. The position needs to be transformed into integers because the voxel positions 

are also integers. 

Removing a block means that the block that is looked at gets replaced by an air block. This did however give 

some problems. A PMC is generated at the spawning of the chunk but a voxel is removed when the chunk is 

already spawned this means that the PMC does not change. So, the creating of the PMC needs to be called 

again that way it gets updated when changed and the PMC forms a new collision mesh and a new mesh. When 

the voxel that needs to be removed is at the edge of the chunk however, the chunk next to it also needs to be 

updated as the edges are overlapping. The reason why it is overlapping is explained in the PMC rubric. 

Adding a block means that the block that is looked at gets replaced by a solid block, this is only done for non-

solid voxels. The calculation is a bit different from the removing, instead of just using the position that is 

calculated an offset needs to be added in the inverse direction of the normal of the voxel that is looked at. 

That way a block can be added on the side, top or bottom of a block. The PMC needs to be updated as well to 

enable the player to see the changes. 

 
Figure 23: raycasting logic to change voxels 

 

4.2.  SMALL GREEN INTERACTION 

Small green gets removed when walked over or when the block under it gets removed. This is done for a more 

realistic feeling. Small green looks weird when it is floating. 

 
Figure 22: Interactable voxels 
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When walked over, it triggers an overlapping event like mentioned earlier with the sea surface. This time 

however the corresponding voxel, the voxel that contains the grass, gets updated and replaced by an air block. 

The PMC needs to be updated again and the HISM that is used to spawn the small green needs to be updated 

as well otherwise it doesn’t remove the object. 

To remove floating small green, the same things happen like for the overlapping event. When removing a 

block, the block above it also gets checked. That way if the voxel ID is the same as the ID for small green the 

same things will happen like when it is triggered by the overlapping event. 

 
Figure 24: TriggerEnter event that is dynamically added to the HISMC 
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CONCLUSION 

 

This project was made in an attempt to learn about procedural terrain generation. All the research was done to 

learn about all kinds of noise and know their advantages and disadvantages. Also, to learn about the manipulation 

of noise to create the patterns that you want without having to test random values for ages. 

The terrain generator features elevation based on 2d noise maps, biomes based on elevation and 2d noise maps. 

The noise maps are seed based so it will always give the same world for the same seed. It also features vegetation 

based on biomes using the biome IDs and a seed based randomstream. It also features the addition and removing 

of voxels for player interaction this was done by raycasting and analyzing the corresponding block ID. It also has a 

swimmable ocean made through HISM and overlapping triggers. Last but not least, materials can be changed to fit 

the wishes of the user. This is possible by adjusting the material array in the blueprints. 

In the end, it could be said that we have achieved the goal of creating interesting, realistic terrain with decent 

performance. There are however lots of things that could be added, for example caves, overhangs and ravines. The 

most convenient way to implement this is by using a 3d noise map that is sampled at a low rate to reduce 

performance costs. Rivers could be added as well.  

This project was difficult to keep optimized, it is always possible to add more and more but that exponentially 

increases the performance hit when generating a chunk. And it was very math heavy, all the noise arrays need a 

certain structure so values can be easily looked up. Research and implementation wise it wasn’t that heavy 

because most of the things can easily be found on the internet as it is quite the interesting topic. It is definitely a 

project worth expanding on. 

 

Figure 25: Terrain that gets spawned through this voxel terrain generator 
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