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Concept art



Concept art



Concept art

Dense foliage

Many types of plants



Grass card method

+ Texture

Cheap

Overdraw

Low density feeling

Meh graphics



<IN G6ME GIF OF
GR6SS IN WIND>

1M grass blades

83k rendered

2.5 ms (PS4)



COMPUTE 
SH6DER
Terrain ĮOD example



Render Tile = 512 x 512

Height map

Grass type map

Grass Height

Ground Texture

…



COMPUTE 
SH6DER
Terrain ĮOD example

Render Tile = 512 x 512

Height map

Grass type map

Grass Height

Ground Texture

…

With multi-scale



COMPUTE SHADER

Placing a Grass Blade

1 - Turn lane ID into position on tile grid, jitter (rng offset)

2 - Distance culling and frustum culling

3 - Determine grass type and height from texture at position

4 - Drop lanes that don’t have grass

5 - Occlusion culling



COMPUTE SHADER

Distance Culling Frustum Culling Occlusion Culling



COMPUTE 
SH6DER
Gras
s



Choose random value
between 4 texels

Type id = char (8 bit)



COMPUTE SHADER

• Position (vec3)

• Facing (vec2)

• Per-blade Hash

• (Wind strength at position)

• Clump facing (2 floats)
• Clump color
• Grass Type 
• Height
• Width
• Tilt
• Bend
• Side Curve

Artist control



COMPUTE 
SH6DER
<clump 
motivation>

Looks too random / unnatural

Clumping

Add a voronoi noise



Clump Texture



COMPUTE 
SH6DER
<procedural Voronoi alyoritkm>

Clumping
Change height



COMPUTE 
SH6DER
<procedural Voronoi alyoritkm>

Direction per clump

Clumping



COMPUTE 
SH6DER
<procedural Voronoi alyoritkm>

add offset

Clumping



COMPUTE 
SH6DER
<procedural Voronoi alyoritkm>

direction out of clump

Clumping



COMPUTE 
SH6DER
<procedural Voronoi alyoritkm>

all together

Clumping

New Old



VERTEX SHADER : LOD

High LOD
15 vertices

Low LOD
7 vertices

Linear interpolation of geometry

can choose the distribution of vertices

remove blade before transition

Transition Low => high



VERTEX SHADER : LOD

High LOD
15 vertices

Low LOD
7 vertices

When grass is short

Much denser

Low LOD is weird … that’s all



VERTEX SHADER : Blade Generation 

Cubic Bezier curve
- Easy position + normal evaluation
- Control point changes blade shape 

Blade Generation
- Evaluate Bezier curve
- Get normal orthogonal to facing
- Step vertex in width direction
- Evaluate Bezier derivative curve



VERTEX SHADER

Controlled by 
tilt

midpoin
t

bend

end

start

midpoint

tilt + orientation + length



VERTE: SH6DER

<wind info>
<perlin scrolliny debuy buffer? or maybe trees and stuff skowiny off 

wind?>

Perlin noise for intensity

Move in wind direction

add curl noise to direction

Wind



VERTEX: SHADER

Flat normals Rounded normals

Can deduce rounded normal

Controlled by “Side Curve” ?



VERTE: SH6DER

<ylanciny anyle adjustment>

<sinyle blade skot, side on, before and 
after>

Facing bias

seems empty

orthogonal blades are thin



VERTE: SH6DER

<ylanciny anyle adjustment>

<sinyle blade skot, side on, before and 
after>

Facing bias

seems empty

orthogonal blades are thin

Add shift in view space

like billboard ?



VERTE: SH6DER

<specular anti-aliasiny witk clump normal>

<far skot of field of yrass, before and after>

Noise Problem

glossy / specular material

lot of aliasing when far

normal variation



VERTE: SH6DER

<specular anti-aliasiny witk clump normal>

<far skot of field of yrass, before and after>

Noise Problem

glossy / specular material

lot of aliasing when far

lerp normal to global normal 

reduce gloss

Update with distance

normal variation



PIXEL SHADER
• Output material data to G buffers
• Gloss- 1D texture

• Diffuse- Two textures
• 1D texture for vein
• 2D texture for color and alternate colors

• Translucency- Constant value

• AO - Constant value

gloss vein diffuse translucency
ambiant 

occlusion final

1D texture 2D texture1D texture constant constant



VEĮOCITY

<we don’t kave velocity 
☹>

<wkat to skow kere?>



FIEĮDS

<proxy instances>

<pampas field GIF?> <couple different field 
yifs>

Artists can place assets to add diversity 



FIEĮDS

<proxy instances>

<pampas field GIF?> <couple different field 
yifs>

Many applications



MISC

<far ĮOD texture on terrain>

Far => replaced by texture



SH6DOWS

<skadow imposter usiny terrain and deptk ditker offset>

<uyly Kam skot, decent lookiny skot of yrass skadows>

Deform terrain to match grass height

add dithered pattern on shadow map



SH6DOWS

<screen space skadows>

<skadow buffer screen skot>

Add Screen Based Shadows

https://panoskarabelas.com/posts/screen_space_shadows/


SHADOW

Shadow Map + Screen Space Shadow

Add fine details to shadow + Cheap



SH6DOWS

<screen space skadows>

<skadow buffer screen skot>



FUTURE WORK

<renderiny on arbitrary surfaces>

<yrass fade out edye>

Conflict between terrain and assets



FUTURE WORK

<renderiny artist autkored vertices>

Limited with foliage type 



Flexible particle system
Grass, Tentacles, Destructible Terrain, Fog, etc.


