
Lipschitz Pruning:
Hierarchical Simplification of Primitive-Based SDFs



Signed Distance Fields



Signed Distance Fields

Sphere Tracing
(empty spheres)

Smooth Operators

Reach for the Spheres/Arcs
(spheres are tangent)



Applications

And more …



Computational Cost

Total Cost
≈

Number of queries
X

1 query cost

And more …



Computational Cost

And more …

Reach for the Spheres
Reach for the Arcs
…

Enhanced Sphere Tracing
Segment Tracing
…

application 
specific

Number of queries
X

1 query cost



Computational Cost

And more …

Interval arithmetic
Bounding volumes
Piecewise approximation
… 

can be used for 
all applications

Number of queries
X

1 query cost



Construction Tree



Construction Tree

Primitives
(= basic shapes)

R      R

Binary operators merging 
primitives

R     R

3
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Construction Tree - Operators



Construction Tree - Smooth Operators



Construction Tree - Smooth Operators

@inigo quilez



Construction Tree
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Lipschitz Pruning

Union operator: 

Need a condition on        and        to have :

All distance functions are 1-Lipschitz:



Lipschitz Pruning

If this is verified,     doesn’t need to be evaluated in    .

(for smooth 
operators)
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Lipschitz Pruning



Lipschitz Pruning - Near Field vs Far Field



Lipschitz Pruning - Far Field Culling

If                       ,

Replace tree
with constant :



Lipschitz Pruning - Hierarchical Scheme



Lipschitz Pruning - Results



Lipschitz Pruning - Actives Nodes Statistics


