Computer Graphics

Ben van Werkhoven

Lecture 12: Advanced Topics

*= Terrain Generation and Rendering
from Heightmaps
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What is a Terrain?
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A huge collection of interconnected triangles that represent

a landscape
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Terrain Generation from a Heightmap

i’“g”é] *;ei‘i’h‘}‘ ={  Aheightmap is just a 2D array,
(0.1, 2 21, that stores height values
{0,1, 3,3},
{1, 2,2, 2} };
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Pixel represents height (0 — 255)
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Outline
1l
Terrain Generation

— Perlin Noise
— Voronol Noise

Terrain Rendering

— Brute Force approach
— Level-Of-Detail (LOD) Algorithms
— Coloring, Lighting, and Texturing
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How do we generate Heightmaps?

With noise:

Or actually, with a
combination of noise
functions that we call
Perlin Noise
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What is a Noise Function?

Use a noise function:
generate some random pointsy
y = Math.random(x) ;
. T
X

Use interpolation to:

generate some intermediate Y]
points
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Interpolation Functions

double LinearInterpolate (
double yl,double y2,
double mu) {

return (yl* (1-mu)+y2*mu) ;
}

double CosinelInterpolate (
double yl,double y2,
double mu) {

mu = (1-Math.cos(mu*Math.Pl))/2;
return(yl* (1-mu)+y2*mu) ;
}

Linear Interpolation:

Cosine Interpolation:

X
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Generating Perlin Noise
B

Add up noise functions of different
amplitudes and wavelengths

Sine Wave Noise Function
Amplitude } TAmplitude
NN N
VARV
Wavelength | mﬂﬂgﬁ
frequency = avelen gth -
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2D Perlin Noise
'l

You can create your own
Perlin Noise function

Or

Use a tool: TerraGen
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Voronol Noise
.l

r

Height = Distance to closest point Height = Distance to 2nd point Z
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Voronol Noise is typically used for

.l B

Mountain Ridges or Water Textures

13 Computer Graphics 2011 — Vrije Universiteit, Amsterdam _m’)



Terrain Rendering in OpenGL
-

Assume we stored the Heightmap in a 2D array:
float heightmap|[x][z];
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Drawing Meshes with OpenGL3
B

So far we've used glDrawArrays()
For each triangle we specify 3 vertices

For the mesh on the right that is
18 x 3 = 54 vertices!

Non-edge vertices are
specified 6 times!

N

Solution: Specify the vertices once, and use indexing g
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Drawing Meshes with OpenGL3

B
Using glDrawElements()
gl.glDrawElements (GL3.GL_TRIANGLES, //draw mode
numVertices, //number of vertices
GL3.GL_UNSIGNED_INT, //type of index buffer
0); //pointer to index buffer

No pointer is used, as the index buffer is bound

Now we only need to construct the index buffer

0 1

Index buffer ={0, 3,1, 0, 2, 3}

2 3
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Creating a Index Buffer Object

(aka a GL_ELEMENT ARRAY BUFFER)
B

Very similar to creating a vertex buffer object:

this.vboPointer = Buffers.newDirectintBuffer (1) ;
gl.glGenVertexArrays (1, this.vboPointer);
gl.glBindVertexArray (this.vboPointer.get (0)) ;

this.bufferPointer = Buffers.newDirectintBuffer (1) ;
gl.glGenBuffers (1, this.bufferPointer);
gl.glBindBuffer (GL.GL ELEMENT ARRAY BUFFER, //<--- CHANGED
this.bufferPointer.get(0)) ;

final int size = indices.capacity() * Buffers.SIZEOF_INT;

gl.glBufferData (GL.GL ELEMENT_ ARRAY_ BUFFER, //<--- CHANGED
size, indices, GL.GL_STATIC_DRAW) ;

3
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Brute Force Terrain Rendering

O B 000
z=0 z=1 z2=2

int iIndex = 0; x=0

for (z=0; z<zSize-1; z++){

for (x=0; x<xSize-1; x++) { x=1
//left triangle
indices[iIndex++] = (z+1) *zSize+ (x+1) ;
indices[iIndex++] = (z+0) *zSize+ (x+1) ; X=2
indices[iIndex++] = (z+0) *zSize+ (x+0) ;

//right triangle
indices[iIndex++]
indices[iIndex++]
indices[iIndex++]

(z+1) *zSize+ (x+1) ;
(z+0) *zSize+ (x+0) ;
(z+1) *zSize+ (x+0) ; v
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Hands-on Session

Download the zip-file for today
Run HeightmapMesh.java

Modify buildMesh () such that the vertices are

displaced according to the height values In
float heightmap[z] [x]
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Using GL TRIANGLE STRIP
B

—>

//2 base vertices
vb.add (new Vec3(x,height[x 1[z 1,z));
vb.add (new Vec3(x,height[x+1][z ],z));

1 2
//2 vertices to create 2 triangles b/////////////////
vb.add (new Vec3(x,height[x ][z+1],z));

vb.add (new Vec3(x,height[x+1] [z+1],2)); Vertex Vertex
3 4

Vertex Vertex

//next 2 vertices

//...

Next 2 vertices

20
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Problems with Brute Force
B

*Heightmaps can become very large (N?)

Solutions: QuadTree —>
Compression

*Number of Triangles is huge O(N?)
512x512x2 = 524288
Solution: Level-of-Detail Algorithms
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Example Compression Technique
B

Observation:
The difference in height between adjacent pixels is usually not very large

Compression:
Store the first value of each row, and only store the difference for the rest

135 -5 2 -3 4

129 -6 -1 -2 5

Further reading:
On-the-fly decompression and rendering of multiresolution terrain
P Lindstrom and J. D. Cohen, 2010 ACM SIGGRAPH
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Level Of Detalil (LOD) Algorithms
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Discrete VS Continuous (1/2)

Discrete Level Of Detail (DLOD)

k|

I —_ 11
'l‘l'—‘!mf.?lr& A

Just like texture Mipmapping:
Far away <p | oW quality model
Close by <«=mp High quality model

24
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Discrete VS Continuous (2/2)

Continuous Level Of Detall (CLOD)

N

//Compute distance to camera using Euclidean Distance
float dx = Math.abs (x-eye x);

float dz = Math.abs(z-eye z);

float dist = (float) Math.sqQrt( dx*dx + dz*dz ) ;

//Compute detail level based on distance
float detail level = dist*0.0025f;

N
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LOD Demo

Terrain
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Loop Tiling - drawing in patches

//for each vertex
for (int z=0; z < zSize; z++) {
for (int x=0; x < xSize; x++) {

//...

VVVVY |

Changing the order into tiles:

int TILE = 64;

//for each tile
for (int bz=0; bz < zSize/TILE; bz++) {
for (int bx=0; bx < xSize/TILE; bx++) {

\ A4

//for each vertex in the tile

for (int z=0; z < TILE; z+=1) {
for (int x=0; x < TILE; x+=1) {
//...

The number of iterations is the same



GeoMipMapping - with loop tiling
L

int TILE = 64;

//for each tile
for (int bz=0; bz < zSize/TILE; bz++) ({
for (int bx=0; bx < xSize/TILE; bx++) { d=1

//compute detail level based on distance
//between tile and camera
d =

//for each vertex in the tile
for (int z=0; z < TILE; z+=d) {
for (int x=0; x < TILE; x+=d) {

/] ..
d=2—"

d=4
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LOD Terminology

B
N
Triangles in the same
surface
Gaps

T-Junction
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Preventing Gaps and T-Junctions
B

Many different solutions...

One example: Solve gaps between patches by inserting
extra triangles on the edges
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Using GL_TRIANGLE_FAN
B

Can make your life a lot easier:

Requires a middle vertex and a second vertex, from there
each additional vertex creates a new triangle

o o

Vo
J
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Performance Trade off

B
Remember that LOD Algorithms are used to improve
performance
Trade off

CPU <4mmp GPU

Updating QuadTree Rendering Triangles
or Index Buffer
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Hardware Tessellation

DirectX 11 and OpenGL 4 support hardware tessellation

Allowing LOD calculations on the GPU

Vertex
Shader

Tessellation

Control

Shader

Tessellator

Tessellation
Evaluation
Shader

Fragment
Shader

33

|

Programmable.

Determines
which patches
are subdivided
and how

|

Programmable.

Specifies how the

newly created
vertices are
displaced
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Hardware Tessellation







Coloring based on Heights

3 S
'.. Use cosine interpolation to

; white compute intermediate
B anadt L colors
And add some noise




Coloring the Terrain
-

Alternatively
Generate colors based on
the slope of the terrain

Using a colormap: 2
One color value per vertex in the vertex buffer,
works exactly the same as using a heightmap
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Color Texture
.l

Store the colormap as a

texture instead of color
values in a VBO

Compute texture coordinates
In the vertex shader:

out varying vec2 tex coords;
vec2 tex coords = vPosition.xz/SIZE;

And in the fragment shader:

in varying vec2 tex coords;

gl FragColor = texture(color map, tex coords);



Draw your own colormap

-

-

8bits: (0-255) 8bits: (0-255, 0-255, 0-255)

1 channel 3 channels
Gray scaled image RGB image %
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Lighting Heightmaps
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Lighting Heightmaps (1/2)

Compute a normal vector for each vertex

//build normal map
for (int z=0; z<zSize-1; z++) {
for (int x=0; x<xSize-1; x++) {
normalmap[z] [x] = normal vector(x,z);

}
}
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Lighting Heightmaps (2/2)
3 B

Vec3 normal vector(int x, int z) ({
//n = (p2 - p0) * (pl - pO)
Point3 p0 = new Point3(x, heightmap[x ][z
Point3 pl
Point3 p2 = new Point3(x, heightmap[x ][z+1

, Z);

1
new Point3(x+1l,heightmap[x+1l][z ], z);
1, z+1);

//substract vertices to get vectors a and b
Vec3 a = pl.sub(p0);
Vec3 b = p2.sub(p0) ;

//cross product: n = a*b
Vec3 n = VectorMath.cross(a,b) ;

//normalize n
return VectorMath.normalize (n) ;
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Using the dot product (Lecture8)
B

Use n (normal vector) Dot Product
AL,

and | (direction of light)
normalize | and n
compute dot product cos€e=1In

I

43

Yvy

d d/cos 6
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Lighting your Terrain

Terrain Lighting Demo

. .
Store the color map and normal map as textures
Compute the light in the fragment shader

Is this a global or local illumination model?
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Global Shadows




Computing Global Shadows
B

sun position
for every vertex Hekhimep pot /
light = 1.0f;

for every point P towards | -

P

=

d

o
3 working point
=]

projection of light
direction

if (P higher than X)
light = 0.2f; -

. W/ 4
break: 77777
[T 777777
7777777
working paoint
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Texturing Heightmaps
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Texturing Heightmaps

There are multiple ways to do this:

Groundtypes
Advantage: — Simple to implement
Drawbacks:— Less variance in the overall terrain texture

Create a single texture that spans the terrain
Advantage: — Allows for more sophisticated texturing
Drawbacks:— Uses a lot of memory

— Hard to implement
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Using Groundtypes

o i
A

Store the amount [0,1] of Sand/Grassks/So
position as color values (r,g,b,a) in a texture

e

for ea

5

ch

In the fragment shader fetch the groundtype texture:

vec4 ground = texture(groundtype tex, position);

vec4 sand color = texture(sand texture, tex coords) * ground.r;
vec4 grass_color texture (grass_texture,tex coords) * ground.g;
vec4 rocks _color texture (rocks texture,tex coords) * ground.b;
vec4 snow_color = texture(snow_ texture, tex coords) * ground.a;

gl FragColor = sand color + grass color + rocks color + snow_color;
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Beyond Heightmaps
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Volumetric Terrain




Many other topics in Terrain Generation

.\VVolumetric Terrain
\\Water

Weather effects
.Clouds
«Rivers/Waterfalls

Check out:  www.vterrain.org

52 Computer Graphics 2011 — Vrije Universiteit, Amsterdam _ﬁ)


http://www.vterrain.org/
http://www.vterrain.org/

References / Further Reading:

Websites:

Noise Functions
http://freespace.virgin.net/hugo.elias/models/m perlin.htm

http://mines.lumpylumpy.com/Electronics/Computers/Software/Cpp/Graphics/Bitmap/Textures/Noise/\Voronoi.php

Continuous LOD Terrain Meshing Using Adaptive Quadtrees

http://www.gamasutra.com/view/feature/3434/continuous lod terrain meshing .php

Fast Computation of Terrain Shadow Maps
http://www.gamedev.net/reference/articles/article1817.asp

OpenGL4 Tessellation
http://codeflow.org/entries/2010/nov/07/opengl-4-tessellation/

Papers:

Realtime procedural terrain generation *MUST READ*
Olsen, J., 2004

Fast terrain rendering using geometrical mipmapping *MUST READ*
De Boer, W.H., 2000

On-the-fly decompression and rendering of multiresolution terrain
Lindstrom, P. and Cohen, J. D., 2010 ACM SIGGRAPH

ROAMing terrain: real-time optimally adapting meshes
Duchaineau, et al. Visualization'97
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http://www.gamedev.net/reference/articles/article1817.asp
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The Final Project

Deadline: 1 Feb 2012

Submission through blackboard
Presentation session: To be announced

More info at www.few.vu.nl/~qgraphics/gettingstarted.php
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