3.5 SUB=SURFACE SCATTERING & DISPLACEMENT

This is the companion to the movie, tut_03_05, part 5 of the 8 NVIDIA® Gelato® Advanced Tutorials.

In this tutorial, we are going to cover subsurface scattering and displacement. Subsurface scattering occurs
when light penetrates a surface which has some translucency, is scattered around under the surface of the
material, then is bounced back out. This is seen in liquids like milk and certain stones and minerals, such as
marble.When light hits skin, another substance which exhibits subsurface scattering, it bounces through the
skin and interacts with the blood and tissue below the skin.

Displacement, unlike bump mapping, which fakes changes in surface geometry, will actually cause a physical
change in the mesh.

In this project, we are going to first set up the subsurface scattering, then we’ll temporarily disable that
to do some displacement, and finally, we’ll turn the subsurface scattering back on to complete the final
render.
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* Open “tut_03_05
¢ Gelato Render.
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The model is very rough-looking — we can see all the polygons.

In folding skin, subsurface scattering will be more obvious, so that’s why we are working with this example.
To make this model look more like an ear; we need to turn on the Catmull-Clark interpolation for this exercise to
smooth out the surface.
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* Select the model.
* polySurfaceShape2 > Attribute Editor > Gelato > change Interpolation to Catmull-Clark.
* Gelato Render.
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Now that the render is nice and smooth and very ear-like, let’s enable the sub-surface scattering on the
material...
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* mSkin material > Attribute Editor > Gelato > Subsurface Scattering > enable Subsurface Scattering.
* Gelato Render.

PEEERR|(Z L2 Yy ? BR|BES OO S| EiEiS] FRE
o Bela i |

mation | wnaton | Dyamecs | Fendeong | PaniEects | Toon | Cih |

Eleshal

b v | Dl

\:.{,?o -uﬁo _! ﬁ

3 2.0 Uit Salected Forus Mirbotes Hel
£l
T
5 ¥ Vartor Rendure Contisl -
+ | mental 1oy
~| Gietatn
Fistnction bk 11000 Y —
o -
i
L
+ | Dvesede Shades
+| Coustics
= | Subslace Seatiering
=
-
Scatesng Colox - - M
[ Hotes: mSkin
F1 |
Soer | Lesdambuen | Copy T
2 3 1 5 [ 7 B 2 w1 12 10 Ho1s 16 7 W v A N D N NN X XN N ¥ N — .
- < ft | ]
I I | =l I | || I | I | I | { | I I Ja==| | | | | | ! Eivi i

winGel | w0 8




-=-H|»l,:n$=r.l,s+.g,aer-; Y87 aR|BWeNY o EiE |

i 10
L
M

i’\\'v.l.--.: Subidvs | Deformation | Armmaton | Dyvames | Hendenng | PariESects | Toon | Db | Flad | Fa Har | Custom Belan

oou,‘,v ! ,‘&ﬂl ‘-uf |:~r “
Tt ] 1 Lst Selected Focus &abrbobes Help
nlikn
PR | Feaas |
I |
= ¥ Vet Rendoie Conbol =
* | mental ray
~| Eetaln
Fistnction bk 11000 Y —
Fofleshron i
FAehachon bha .JL‘_l. —_—
Febscton e |1 '_I'i -~
# | Overinde Shades
+ | Caustica
| Subslace Sealisring
& 5w g
Irimnaky [T | "
Difuse Fie [dihune ol
Scoltesng Celor - - u
[ ot mirin
F1 |
| l o Seect | lestmmbes | Copy Tab |
2 | ) 5 [ T ] a 1 1 12 13 " 15 16 17 iB 18 FL R | 22 A H B B N k. ) k] e
- o P
1 g e Mg B e et bl s e s S Y M e U i Tl il ol s ey "'“"”’

Siews o ke b Charvne B | Lapes E ity

*Pass 2*

* If you were watching, two passes occurred with this render. The first pass is the subsurface scattering pass;
the second is the composite pass.
* Some shadow areas are a bit more visible now, but we're not seeing any big difference
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» mSkin’s Attribute Editor > Gelato > Subsurface Scattering > change Scale to 30.

Smaller objects are not going to have as much subsurface scattering going on because they have less volume.
The Scale adjustment is used when we have objects in the scene which are not real-world scale, such as
the model in this scene.
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¢ Gelato Render.

* When we compare this to the previous render, we can see that the effects of the subsurface scattering are
much more dramatic.
*The color isn’t quite right. Blood would lend a reddish hue.
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* mSkin’s Attribute Editor > Gelato > Subsurface Scattering > [CLK] color field of Subsurface Color.
* Choose a reddish color (though we are choosing a color, this could also be a texture map, with veins and
such.)
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* Gelato Render.
*The colors are now more dramatic.
* There are obvious areas where the subsurface scattering is coming through.
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Let’s now discuss some of the subsurface scattering parameters...

Eta is a subsurface scattering index, a physically accurate number.

Scattering Color and Absorption Color: These colors control how the light is scattered through the
surface and how much is absorbed in its passage through the surface. The tricky parts about these values

is that while they are represented by RGB colors, they are not RGB values.
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The Scattering Color defaults to white (1,1,1). The lower this value gets, the less the scattering.
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= Congult the Clalato Techsical Refarence for more mformation on how aubnarface scattenno works i Gelato. as well ar for a

* [CLK] on the Gelato Help icon in the Gelato Shelf to bring up the Gelato documentation.
* Mango > Materials > Subsurface Scattering > Table 6.1.

A paper at the 2001 Siggraph presented physically accurate settings that subsurface scattering studies have
produced. While in the 3D world it’s not always necessary to be physically accurate, it is suggested that we use
these as starting points, then tweak from there.

W Aitadesk Maya B0: € \Documents and Settings\Administratoribly Dacume nts\mayalprofects\Gelatolsce nesitut_07__05_SSSandlisplacement _start.ma

ankin

-gla m.w!\._ Creste Duplyy Window Select Mech Lot Medh Prowy Mormsls Color Crestelivs LtV Help
P CRmEl&xe®R|E+E&2eH Y0 ? AR|{BWE-S 0|90 W | EEE| o]

timneral | Cuvns | Sistaces | Pobpgonst | Subcivs | Dstoemabion | Aramalion | Dynaracs | Rerdeing | PariEiiocts | Toen | Gt | Phsts | Fia | Har | Cushom Srkea |

e s f;gﬁ;@‘;’odﬁlg‘ﬁdiﬁhﬁj% [

e S Ve Cracy Jedt Siwn weows Osbe b e s s g Ust Seeced Fonss amrbunr el
i |
i
Kl | _Foos |
[ | _Powsele” |

lambnt |3
i n

| Drwesnde Shado

» | Caustics

| Subsurlace Seatieing
(=8

e oeweb -]

Chdtuse Fir [ve 1t

Seatiesng Color ]
[= swsossoncoo [ —————
:_ Ea (1300 I pe—
; Max Sckd Angle [1.000 —_—
[ | Gubiuface Colot e
Scn B e S—

| E [~ Twssided il
; [ Holos mSkin
= ]
o Seleci | estambun | Coew Tab |
= W W W W®w A A % A H 0w T AW OH @ o R =
L e Sl et e (] L N5 ) [ W e
jfro ETE [4589 w lothasrecte 0 B

A preset has been made for this tutorial:

» mSkin Attribute Editor > lambert > Presets* > SSS_Skin > Replace.
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* Notice that: Different values have appeared for Scattering Color, Absorption Color, and Eta
Subsurface Color has reverted to white

Remember that though the scattering and absorption colors are now lovely shades of blue, for this use, they are
not being used as RGB colors, but are setting the amount of the scattering and absorbing.
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* [CLK] on the Scattering Color field to bring up the Color Chooser.
* Change to RGB color.
* Notice that you can have values greater than |.
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We need to change that Subsurface Color back to a red.

* Subsurface Color > [CLK] its color field.
* In the resulting Color Chooser, pick a red color.
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¢ Gelato Render.
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* Image Viewer > Document Field > most recent render.
* Use the Wipe tool. Now when we use this tool, we can compare the most recent render to the last.

There is more scattering going on here and we can see more red in areas where the skin is thinner.
We are going to leave things as they are and move on to displacement.

These settings are just a starting point. We could continue to tweak the scattering and absorption to get higher
contrasts from the subsurface scattering, to get more realism — how much we tweak things depends on the degree
of realism we are looking to achieve.
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» mSkin Attribute Editor > Gelato > Subsurface Scattering > disable Subsurface Scatting.
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* Gelato Render.
We’re back to our pre-subsurface scattering state.

Dealing with displacement by itself will allow our tweak renders to move along much faster and will allow us
to more easily see the effects of our displacement, making it easier to fine-tune this.
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We’re going to add a 3D fractal node to the shading group.
* mSkin > mSkin_mSkinSG > Attribute Editor > Displacement Material > [CLK] checked box.
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¢ In the resulting Create Render Node dialog, [CLK] “Solid Fractal”
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This brings in 3 nodes: place3dTexture2, solidFractal2 and Displacement (your nodes may be numbered
I, that’s ok).

The fractal group is connected to the shading group through a displacement node.
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* place3dTexture2 > Attribute Editor > Transform Attributes > Scale.
* Change x,y and z all to 0.100.
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¢ Gelato Render.

Not a pretty picture.... The effects of the displacement are so huge that the geometry went flying everywhere.

Let’s tame this effect...
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* solidFractal2 > Attribute Editor > Solid Fractal Attributes > change the Amplitude to 0.000.
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¢ Scroll down to the Color Balance section.
* Change the Alpha Gain to 0.000.

We want to determine the range in which the geometry
going to rely on the Alpha Gain adjustment to do this.

will be displaced when the texture is applied; we're
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* Gelato Render.

No displacement is visible.
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* Change the Alpha Gain to 0.100.
* Gelato Render.

We can see that the radius has increased and we are getting displacement, though too much.
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* Change the Alpha Gain to 0.050.
* Gelato Render.

The displacement still looks rather high.The surface is still being broken up.
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* Change the Alpha Gain to 0.010
* Gelato Render.

This looks better. There are a few artifacts, those little tears, but we’ll take care of those later.
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* Change the Alpha Gain to 0.
* Gelato Render.

We are going to compare “no displacement” to the 0.010 setting.
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* Use the Wipe Tool to compare no displacement to the previous render with slight displacement.

*We can see that the ear looks fatter in the previous render — the radius is increased because of the displacement,

which now looks to be in a good range.
* Again, we can see that the displacement did give rise to artifacts.
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* Change the Alpha Gain back to 0.010.
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* Scroll back up to the Solid Fractal Attributes.
* Turn the Amplitude back up to 1.000.
* Gelato Render.
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We can now see our texture map.

This is looking good. We could make the Alpha Gain smaller if we would like this to be more subtle, or
we could adjust the contrast of the map by playing with the Amplitude settings or some of the other Solid
Fractal Attributes. If a texture map is used, its contrast could be adjusted in Photoshop.

Let’s now switch our attention to the artifacts, those visible tears...
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* “polySurfaceShape2” (the model) Attribute Editor > Gelato > Miscellaneous > enable Override Misc Settings.
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* Gelato Render.
* Use the Wipe Tool to compare this image to the last.

* It takes longer to render.
* Artifacts look better — as wevWipe back and forth over the image, we can see that those little tears have
been fixed.
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* Select the mSkin Material and go to its Attribute Editor.
* Enable “Subsurface Scattering.”
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* Open the Render Settings dialog.
* Change the Anti-aliasing Quality preset to Production Quality.

Changing the Anti-aliasing Quality will help render out the edge artifacts.
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* Gelato Render.
We have subsurface scattering, displacement and have dealt with the artifacting.

The next tutorial will deal with motion blur and depth of field.



