
Bifrost Workshop

Lesson 4

Intro to Volumes



Volume Basics



Volume Basics

A voxel is the smallest element of a volume in 3D space.
Each voxel can store information such as signed distance, fog density and velocity.



Volume Basics

Tile Tree:
• Each tile is composed of a 

fixed number of voxels.
• Multi-resolution and 

extends far in space. 
• The size of the tiles reflect 

the resolution of a volume

Power 2: 4x4x4 voxels



Volume Basics

Relative Mode: the voxel size is relative to 
the bounding box of the input mesh
larger mesh → larger voxel

Absolute Mode: the voxel size is in world-
space unit
The scale of the mesh doesn’t affect the 
voxel size.



Volume Basics

White: positive value
Black: negative value

“Store Level Set” stores the 
signed distance of every voxel



Volume Basics
Signed Distance Field

If ‘Store Level Set” is selected, the node 
calculates the signed distance of each voxel.
 
Signed distance: the shortest distance between 
the voxel and the surface of the geometry

Inside the geometry → negative value
Outside the geometry → positive value 

The signed distance of each voxel is stored in 
a level set volume.

Level Set (the set of points 
with the same signed 
distance value)



Volume Basics Application of Signed Distance Field



Volume Basics Application of Signed Distance Field

X

mask field
voxel field

voxel field converts a 
volume to a field based 
on the specified property

→



Volume Basics Application of Signed Distance Field

Using the field generated from the voxel field and 
fractal noise field to provide the weights for the 
point displacement
Area inside the mushroom: 0
Area outside the mushroom: fractal noise values



Volume Basics Field to Volume



Volume Basics Field to Volume

voxel fieldmesh to volume



Volume Basics Field to Volume

voxel field

fractal noise field mask field



Volume Basics Field to Volume

field to volume volume to mesh



Volume Basics Field to Volume

inverse the fractal noise field and 
repeat the same process to create 
its complementary shape 

+



Volume Basics Field to Volume

animate the field



Create Shapes and Details with Volumes



Create Shapes and Textures with Volumes

Generate scaling factors based on the positions of the points
Further from the center → smaller scale

scatter points on a disc

instance geometry (cylinder with noise)

create instances



Create Shapes and Details with Volumes

scatter points on a plane
create instances of the 
baked meshes bake instanced 

geometry into 
merged meshes 

convert the mesh to volume to merge them 
into one shape and convert it back to mesh



Create Shapes and Details with Volumes
scatter points on the merged mesh

instance geometry: 
ellipse with noise

Create instances of the cube 
and convert them into volume



Create Shapes and Details with Volumes

Boolean Operations

“merge_volume” combines volumes based 
on the selected mode. In this case, 
“difference” is selected to subtract the 
cube volume from the cliff volume to 
create the dents.

union difference intersection

“merge_volumes” 
combines volumes 
through Boolean 
operations including 
union, difference 
and intersection. 

The volume of the ellipses is 
subtracted from the volume of 
the rock to create the dents



Create Shapes and Details with Volumes

displace mesh points with a fractal noise field displace mesh points again with another fractal noise field of different parameters

scale the y coordinates of the mesh point 
positions to create the striated texture



Advection



Advection

Voxel field Advected field



Advection

Input Geometry Mesh → Volume → Voxel field



Advection

Input Geometry Mesh → Volume → Voxel field Advect Field

“advect_field” takes an input 
field and uses a velocity field 
to drive the advection of the 
property that’s associated 
with each position of the 
input field. In this case, the 
property is the voxel signed 
distance.
“time_step” is the length of 
the advection.

Fractal turbulence field

Voxel field Fractal turbulence field

+

Advected field



Advection

Input Geometry Mesh → Volume → Voxel field Advect Field

Voxel field Fractal turbulence field

+

Advected field

Field to volume
Assign material

Use a fractal turbulence 
field as the velocity field 
for the advection



Advection

Input Geometry Mesh → Volume → Voxel field Advect Field

Use a fractal turbulence 
field as the velocity field 
for the advection

Voxel field Fractal turbulence field

+

Advected field

Field to volume
Assign material

Volume 



Advection Adjust parameters

Multiply the fractal turbulence 
field with a fractal noise field to 
vary and scale the vector field

X



Advection Adjust parameters

Multiply the fractal turbulence 
field with a fractal noise field to 
vary and scale the vector field

+

Voxel field Advected field Volume Velocity field



Advection Adjust parameters

Modify the input geometry: 
displace the mesh points with a “fractal_noise” 

Displace the points to better depict the shape of the cloud 
(the bottom of a cloud is usually flatter than the top):
Higher y value → more displacement

Establish a relationship between the y position of a 
mesh point and the weight of its displacement



Advection Adjust parameters

Displace mesh points Mesh → Volume → Voxel field Advect field

velocity field

Field to volume

Input mesh displaced mesh

Advected field volume



Advection Iterative advection

Move these nodes into 
an iterate compound



Advection Iterative advection

Iterate

The advected field in one 
iteration will become the 
input voxel field for the 
next iteration.

Scale the current index and use it as the time 
for both the fractal turbulence and fractal 
noise fields. This generates an evolving 
velocity field that varies over each iteration 
and adds more dynamics to the shape of the 
geometry.



Advection Iterative advection

Iterate

The advected field in one 
iteration will become the 
input voxel field for the 
next iteration.

This “descend” compound generates a gradually decreasing number over the 
iterations. When connected to the time step of the “advect_field”, the time 
step gradually decreases over the iterations. Similarly, when connected to the 
magnitude of the fractal turbulence field, the magnitude diminishes over the 
iterations. Both result in subtler advection and finer movements over time. 

1

2

1 2



Advection Iterative advection

Iterate

The advected field in one 
iteration will become the 
input voxel field for the 
next iteration.

Iteration 1

Iteration 5



Advection Scattered clouds

Scatter points on a plane and create instances of the input geometry Displace points



Advection Scattered clouds
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