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Project Outline

In this practice-led project | will explore how to create large
scale simulations in Houdini Solaris with USD. | will
specifically be focusing on:

® Understanding FX in a USD pipeline context.

® Combining different kinds of FX together in one shot.

This exploration was done entirely in Houdini due to its compatibility with USD.
However, the concepts in this study can be applied to other softwares.
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Context

USD is beginning to become more -

popular in the Animation / : Pixar's USD
VFX industry. Pipeline:
However, it is confusing to use and Full USD

there is not a lot of information about
how to go about doing a shot
pipeline.

Studios have also invented their own
ways of using USD in production;
some are 100% USD based, some are

50/50, some don't use USD at all. Dreamwork!
s USD

This project looks to explore how to Pipeline:

create a full USD FX shot in Houdini :

SeIais; USoMhANSINE Context? R

How can | effectively bring my RBD, Vellum, and SOP simulations into :

UsD?

What'’s the most optimal way to cache fluids in USD, and what are
procedurals?
How can I include Volume simulations in my USD file?
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USD Layering

How does USD work in a shot context?




O

| began by looking at how USD stages
are composed. The two biggest
takeaways | got were:

* USD objects are called “prims”
* USD files can have “layers”
* USD is non-destructive

* Referencing, Flattening, &
Breaking

| then took the

Vesperion Dragon alembic animation
and re-exported a USD file alongside
some animated FX shapes.

Sublayers or Asset
References reference
other .usd files.

Flattening is when all the
references are “resolved”
and baked into 1 file. This
destroys references but
maoaanc that all vaur data |S

—:ubel : Anythlng
e above a
. layer
layerbreakl
;’cibel break
doesn’t
spherel
/spherel get
-ZLayers Included
usd_rop10 5
SHIPNAME.SOS.usd I n a U S D
export.
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https://creaturestation.com/sidequests

lteration 1

The animation layer is about
11.5GB

The camera is then
animated.

Initial Animation

The dragon animation is by creaturestation.com | The boat assets are from polyhaven.com
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RBD, Vellum, & S

How can | effectively bring my RBD, Vellum,
and SOP simulations into USD?




O

| found that Vellum and small SOP simulations could be directly converted into USD by using a SOP Import

node and then a USD Render ROP, or using a SOP USD Export node.

-HHH
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ship
. /gbj/ship

/ship

SOP Import

Directory convert the data
into USD. This was
extremely slow and

simulation cache sizes
were massive.

.
0 [:]
/obj/ship/FRACTURED_GEO/
Jship

.
“ points
. o
obj/ship/SIM_POINTS
[points
2 Layers

Cﬁ‘:] houdinirbdprocedurall
o

3Layers

Houdini
RBD
Procedural

Use Houdini's
procedural to display
destruction at render

time. Confusing to
use but a viable
option. Also had to
be previewed with a
Houdini preview
procedural.

L]
“ hero_ship_fx
K] ../ship_fx_sop/OUT_RENDER GEQ
4 Layers

pointxforml
fps=24
finc=1

fend =320
fstart =130

4 Layers

Transform
by SOP
Points

(pointxform)

Transform primitives
by points based on
name match. | found
this to be the quickest
and easiest to use out

of the 3.
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I t e ra t I O n 2 The RBD/vellum FX layer is about

860MB

o am» Syublayer
vesp

b /Caml... (13)

Sublayer

‘; L]

T Janim_fx... (6)

. 2 Layers
T configureprimitive2
2 /grid1
o %IT@X FBteak
ANIM_LAYER_BREAK
e Bl
3 Layers

I configureprimitivel

: Janim_fx
[0 Allapetgiork
ISHI _FX

(0]

l /
» 4 Layers

WUE usd_rops

PI_ship_fx.usdc
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Fluids & Procedural

What’s the most optimal way to cache fluids in
USD, and what are procedurals?




| found that oceans in USD are best approached with using
procedurals. 5

The Houdini Ocean Procedural takes in a thin surface mesh and an
ocean spectrum and then dices and displaces it at render time.

It’s much faster (and smaller in cache size) than trying to dice your
mesh for each frame.

@ Houdini Procedural: Ocean ocean

Primitive Path
Spectrum

Spectrum File

Mask File

Time

Geometry
Render Geometry

Group

Viewport Quality
Dicing

Dicing Quality

Screen Window Size

Downsample

Anti-Alias Blur

T

/%08

$HIP/geo/ocean_spectra.bgeo.sc

$HIP/cache/flip_fluid_mask_cache/flip_fluid_mask_cache.$F.bgeo.sc

7.875

Reload Geometry

ocean_geometry/ocean_interior/extrudevolumel

extrudeTop

¥ Reference Render Geometry as Interior

1

1
1.1

8.25

Verbose

anim

/anim_fx... (2)
4 Layers

i layerbreak4

Janim_fx... (2)
4 Layers

o @
%000 karmarendersettingsl
- [ ] -

~
B
Tk
ocean
.'_*\ =
]

[i} usd_rop6

Pl_ocean_fx.usdc



lteration 3
I The Ocean FX layer is about 11GB

@ _ Sublayer
LIy 2nim
Janim_fx... (2)
4 Layers

\
\

layerbreak4

Janim_fx... (2)
4 Layers

usd_rop6
Combined RBD & Fluid Pl_ocean_fx.usdc

As shown in the playblast, the ocean surface doesn’t displace. This is the advantage of a procedural: O
faster playback.
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Volumes

How can I include Volume
simulations in my USD file?




| found that the best
. technique for using

Volumes in USD is to
reference .VDB files.

This is because .VDBs can
be externally referenced,
which makes updating
USD files a lot easier.

One issue | came across
was that .VDBs don't like
to be “empty”, so | had to
disable the VDB'’s visibility
before | shows because
otherwise It would appear.

@) ()

] yrosotver explosion

“ RENDER_Explosion

pyro_vdb.$F4.vdb

B
S

¥ Post-Process
Add Wind to Velocity Field
« Compute Min/Max Values
¥ Convertto VDB
¥ Use 16bit Float

You need to configure the

pyro-solver for VDBs. | found that visibility

breaks when your density is ever 0.



lteration 4

The Pyro/VDB layer is about 24GB

[ Asset Reference

[
_ whitewater _points

]
/whitewater_points
6 Layers

WYolume

I
- whltewater volume

!wh itewater_volume

AT
- fireball_volume
) (0]

.‘ éPY RO/fireball

e ﬁ)-ézaﬁ  prune

T ;’PYR(};’firebaIl

Glayers
explosion_volume
(o]

/PYRO/explosion

6 Layers
explosion_prunel

- usd_rop8

Pl_pyro_ww_fx.usdc
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Final Touches

What do | do next?




using a USD layer system was | could disable the FX layer to “,amm_,w G o o Y e
quickly preview my lighting and materials.

Like my FX layers, | created a lighting layer. The advantage to Sl i Y vess2

ii- A -5}- fx_layerl
| could then combine all the layers together and render them L B (o over o
out. This could be done by creating a master file that . : o
[//& |] f\je,llbrary 0 camera_edit,

references all the layers, or | could flatten the whole project

into 1 USD file (and folder with external assets). - ey

s .
Karmarendersettings
£

. o
assets i o PI_fx_published. BF ) usd_rop4 s usdrender_ropl
C usdnc ut Pl e

I | ecit_ocean PI_rendering_published.usdnc Render/rendersettings
—T_J 5

personal_ingiry.usdnc

domelight1

arealightl

T
QI‘ distantlightl
P
!

usd_rop3

PI_lighting_published.usdc



lteration 5

The shot in its entirety is about 54GB
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USD scenes can be overridden and edited non-
destructively.

SOP Imports are good for most cases, large scale sims
work best with "Transform by Points".

USD Procedurals are extremely useful for saving time
and memory.

VDB's break when "empty" and need to be toggled.

Projects can be "packaged" which is optimal for render-
farm rendering.
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