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Procedural terrain and texture 

generation



When fluids need noise
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Content

1. Procedural generation

– Procedural content

– Coherent noise

2. Survey of popular methods

1. Midpoint displacement

2. Perlin noise

3. Simplex noise

3. Study of gradient noise methods
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Procedural generation

• Random but structured:

– Use algorithms to generate content

– Save human work

– Save computer memory

• Generation of names, labyrinths, donjons, 
bricks, music, textures, vegetation, landscapes, 
cities, …

• Industrial applications: Vehicle dynamics[Dawkins

2012], military training[Smelik 2009], …
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Procedural generation (2)
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Coherent noise
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• Replicable

• A small displacement results in a 
small variation of height

• A large displacement results in a 
random variation of height



From noise to terrain

• Map value to height

– Colorscale (2D model) or meshed terrain (3D model)

– Need 3D height map for generating caves
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Popular methods

• Midpoint displacement (1986)

• Perlin noise (1985)

• Simplex noise (2001)
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Midpoint displacement method
[Miller 1986]
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• Every new point is the 
average of its
neighborhood…

• …plus a random offset



Diamond-Square algorithm
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Perlin noise [Perlin 1985]

• Regular grid

• Gradient noise

• Multiple octaves

– Superimposition of multiples

independant noises of 
increasing level of detail and 
decreasing amplitude
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Perlin noise (2)
Y-interpolation:

ℎ 𝑥, 𝑦 = ℎ0 𝑥, 𝑦 + 𝑆 𝑦 [ℎ1 𝑥, 𝑦 − ℎ0 𝑥, 𝑦 ].

X-interpolation at y=j, j ∈ {0,1}:

ℎ𝑗 𝑥, 𝑦 = 𝑣0𝑗 𝑥, 𝑦 + 𝑆 𝑥 [𝑣1𝑗 𝑥, 𝑦 − 𝑣0𝑗 𝑥, 𝑦 ],

with corner-induced values 𝑖, 𝑗 ∈ {0,1} :

𝑣𝑖𝑗(𝑥, 𝑦) = 𝑓 ∙ 𝑥 − 𝑖 + 𝑔 ∙ (𝑦 − 𝑗).

S(t) : smoothstep interpolation function
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Simplex noise [Perlin 2001]

• Apply Perlin noise to a simplex grid

• Hypercube in 𝐷 dimensions has 2𝐷 corners

• Simplex in 𝐷 dimensions has 𝐷 + 1 corners
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Comparison

Midpoint disp. Perlin noise (Open) Simplex

Performance 𝑅𝐷 𝑁 ∙ 𝑅𝐷 + 2𝑁∙𝐷 𝑁 ∙ 𝑅𝐷 + 𝐷𝑁

Pros Simple Control parameters Control parameters

Cons Non-local Slow in high 
dimensions

Complex, originally
patented
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𝑁: number of octaves      𝑅: resolution



Another model: polynomials

• Simple idea: constrain
value and gradient of a 
polynomial at 
boundaries.

• 1D : trivial.
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Polynomial method (1)

• One step back: what do we want ? Controlled
height and gradient:

• Height and gradient along an edge connecting
two points must depend only on constraints
on these points and no other:   (                   )
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(1)

(2)



Polynomial method (2)

• Arbitrary choice: ℎ(𝐗) is a polynomial of 
degree 𝑛:

where I is the set of all vectors on the form
(𝑎1, 𝑎2, … , 𝑎𝐷 ) such that 0 ≤ 𝑎𝑘≤ 𝑛 ∀𝑘.
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Polynomial method (3)

• Dimension 𝐷, constraint order𝑚 and degree
𝑛 are related:

• Simplest case for 𝐷 = 2: 𝑚 = 1 and 𝑛 = 3.
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(4).
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Polynomial method (4)

• 4 constraints ℎ𝑖𝑗 on height eq.(5), 4 constraints

𝑓𝑖𝑗 on 𝑥-derivative, 4 constraints 𝑔𝑖𝑗 on 𝑦-

derivative, and edge condition eq.(2):
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Zero-Gradient polynomial

• Our generic model is slower than Perlin.

• Perlin’s value on corner is always zero.

• Similarly, we build a model with zero gradient 
at corners: 𝑓𝑖𝑗 = 𝑔𝑖𝑗 = 0.

• The resulting model reduces the number of 
both mult and add compared to Perlin noise:
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(6)



Performance comparison
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Comparison
height map and gradients
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Fractals
• Most real landscapes (and many natural

structures in general) exhibit fractal features.

• Fuzzy definition: mathematical set that is 
invariant under rescaling.

• Tautological definition: a fractal object is an 
object whose each part is also a fracal object.
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Fractal dimension

• Richardson effect [Mandelbrot 1977]

• 𝐿 𝜖 = 𝑘 ∙ 𝜖1−𝐷

• Counting box method with 𝑁 octaves :

• Koch snowflake: 𝐷 ≈ 1.26
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Fractality emerging from octaves 
superimposition

• Simple sin case: 𝐻 𝑥 =  𝑖=0
𝑁 𝑎−𝑖 sin(𝑓𝑖𝑥)
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Octaves superimposition
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Fractal dimension of generated
terrain
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Fractal dimension of generated
terrain (2)
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Modified noise

• Abs noise : ℎ

• Ridged noise
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Ridged noise

• Ridged noise [Libnoise]:

– Modification per octave with depth dependance

– ℎ𝑖 → 𝑘 ∙ (1 − ℎ𝑖 )
2

– 𝑘 → 2ℎ𝑖
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Erosion [Archer 2011]

• Hydrolic erosion

• Thermal erosion
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Other uses

• Pixel shaders

• Dynamic modeling
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From noise to texture
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• Use modified noise and colormap:

– Radial sin function wood

– sin functionmarble

– Ridged noise marble

– Raw noise  clouds



When fluids need noise
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Conclusion

• Geomorphology: imitation or understanding? 

• Large use, minor renown

• Coupling with other noises (Voronoi, Worley [Worley 96, …])

• More controlability Feature-based models [Zhou 2007, …]

• More realism Physically-based models [Génevaux 2013, …]
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