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1 Quickstart

The Quickstart tutorial ships with the latest Houdini version and you can read
itin the Help Browser from within Houdini.

1.1 The Rocket
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Figure 1: The geometry for the rocket.

I will make the tutorial even shorter for you but it’s worth reading and go
through all the steps yourself. Refer to figure 2 to see how the geometry of the
rocket is modeled:

1. You start with a Tube SOP

2. and close the ends with a Cap SOP. The options allow you to create round
caps. Finished is the fuselage.

3. With a few mouse clicks and a Curve SOP you create a polygon

4. and extrude it to create a basic fin.
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10.

. Before you will copy the fin several times you transform it viaa Transform

SOP

and simplify the geometry with a Fuse SOP.

. In theory you could copy the fin now but to make them a bit more pleasant

you bevel some edges with a PolyBevel SOP.

. Now you copy the fin a couple of times and via an expression you make

sure that the copies are distributed nicely around the fuselage. You might
change your mind later about the number of copies you might need.

. Finally you merge (Merge SOP) the fuselage and all the fins and

translate the whole geometry just above ground level via another Transform
SOP.

Figure 2: Individual SOPs for the rocket.
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1.2 The Moonscape

After creating the Geometry OBJ and renaming it to moonscape you go to
the geometry level, get rid of the default File SOP, create a Grid SOP with
size ( 50 50 ) rows ( 30 ) cols ( 30 ) and in the viewer you
can create an Edit SOP.

Select a few points on the grid, translate them a bit along the y-axis, and
change the settings for the Edit SOP with:

opparm editl rad ( 11 ) fd ( 1 ) bd ( -1 ) sculptrad ( 4 ) opacity ( 0.25 )

By pressing m in the viewer you can switch to a brush handle and use the left
and middle mouse buttons to push and pull points within a certain radius in and
out. Finally you create even more points and randomize them by appending a
Fractal SOPwithdivs ( 0 ) scale ( 0.25 ).

1.3 Shading

You can either use the Shader Palette to drag and drop shaders onto geom-
etry or you can create a SHOP Network Manager, or you simply go to the Shader
(SHOP) level and create the shaders there.

For the moonscape object simply use a shader called gvex_granite
from the Shader Palette. For the rocket we will use two shaders from
type VEX Metal and change the diffuse color for each part. Both shaders are
collected in a SHOP Network Manager and assigned on the geometry level via
Shader SOPs.

1.4 Sky Dome

For the sky dome we will use our own SHOP Network within the geometry
level. First we create a new object and rename it to skydome. We get rid of the
default File SOP and create a Sphere SOP instead:

opparm spherel type ( poly ) rad ( 120 120 120 ) freq ( 5 )

We append a C1ip SOP with origin ( 0 —-20 0 ) and on the same
level a SHOP Network. Inside that network we create a VEX Polka Dots
shader:

opparm stars dotsize ( 0.02 ) softness ( 0 ) dotclr ( 1 1 1 ) \
baseclr ( 0 0 0 ) specclr ( 0 0 O ) rough ( 0.001 )

Because the shader is responsible for the whole geometry of the sky dome we
can assign it on the object level.
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1.5 Animating The Rocket

To animate the rocket we set two keyframes. At frame 1 we keyframe the default
values for Translate and at frame 300 we change the /ty channel to 55. In
the channel editor we change the interpolation function to easeout () and shift
the first keyframe to frame 30.
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Figure 3: The channel editor for the simple rocket animation.

We make the camera follow the rocket by changing the Look At value. In
case that the camera is not looking at the center of the rocket you can add a Null
OBJ, make the rocket the parent of the null object, and shift the interest of the
camera by making the camera look at the null object and translating it in relation
to the rocket.

Additional to the animation of the rocket on object level we add a Twist
SOP after the mergel SOP of the rocket and keyframe a Squash & Stretch
animation on geometry level.

In the tutorial you will find additional information how to create a digital as-
set. Basically you can collapse selected operators int a subnetwork and create
a new operator type from the subnetwork. By dragging and dropping you can
choose some parameters to be exported to the level where the new operator will
be created. A potential user doesn’t have to know how the network works but is
able to manipulate the behavior of the digital asset by changing or keyframing the
parameters available to him/her.
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Figure 4: The channel editor for the squash and stretch.
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Figure 5: Export controls to a digital asset.
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1.6 The Thruster

Before you can create particles you need some geometry where the particles get
born. For this purpose you create a Geometry OBJ called thruster. You
will do this within the subnetwork created by the digital asset.

Start with a Sphere SOP and make sure that it’s a NURBS surface before
you add a Carve SOP. But first you have to translate the geometry so that the
top of the sphere meets the bottom of the fuselage. With the Carve SOP you cut
away most of the geometry of the sphere and leave just a bit at the top.

You can cut and paste the Twist SOP from the rocket geometry to deform
the thruster exacly the same way but you should take care that the pivot point is
reset to the default values. To make the thruster follow the rocket simply generate
a parent relationship on the object level.

1.7 The Particle Network

First you have to create a Source POP and tell it which geometry to use to give
birth to the particles. The particles will be collected in a group called fire.
Check the tutorial for the values you should use with the Source POP and play
back the animation. Your particles will be released by the geometry but do not re-
act to the ground. So the next operator you need in your networkisa Collision
POP. You will use a simpler geometry for the collision to make the whole calcu-
lation faster. The particles which will hit the moonscape are missing now if you
play back the animation.

With a Sp1it POP you take the particles which hit the ground and create new
particles from that in a group called smoke. The other parameters make sure that
the particles bounce upwards before they die. To blow the particles away from the
rocket along the ground you can use an Interact POP. An additional force will
be added by a wind POP.

To merge the particles emitted by the thruster and the particles being created
by the Split POP we canuseaCollect POP and add a Render POP to check
everything by rendering the particles as spheres. The last operator in the network
is a Property POP to change the size of each sphere based on the lifetime of
the particles.

One level higher you will finish the particle setup by creating a Cache SOP
and make the Reload All Cache button available in the digital asset particle
control tab as Refresh Particles.

Instead of using one of the shaders for Mantra which are already build for you
we will use the VEX Builder to build the shader from scratch.
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Figure 7: The smoke shader.
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2 Breaking The Ice

With a relativ simple network you can achieve things with Houdini which are
more complicated in other modeling and animation packages. You can find two
tutorials in PDF format which deal with this example on SideFX’ web page but
the only thing I will not explain here is the animation of the sphere used to break
the ice.

Figure 8: Geometry for the ice.

Have a look at figure 8 for the SOP network which will be used. First you
create a Grid SOP and randomly shift the vertices around within the plane where
the grid lies. We could do that with polygons as well but you get nicer results if
you use a NURBS grid and shift the control vertices instead. To get access to the
individual positions of the CVs you append a Point SOP and use expressions
using a noise () function to vary the x— and y—positions.

The next step is to convert the NURBS surface to polygons using a Convert
SOP and to create individual points for each polygon instead of sharing them. This
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is done with a Facet SOP and the option Unique Points. Before we start
talking about the particle system I just want to mention that the first Primitive
SOP is used to revert the normals of the individual polygons.

In figure 9 you see the network for the particles. You start like always with a
Source POP and make sure that for each polygon of the ice geometry a particle
is born at frame 1. The State POP below will make the particles stop moving
immediately. We create another group of particles with a Group POP called
break. The trick is to use a geometry SOP to define a bounding sphere and all
the particles within that sphere will be in that group.

Figure 9: The particle network.

So once the bounding sphere will bounce up and down it will change the num-
ber of particles in the group called break but they are still not moving. This is
triggered by another State POP.

In principle you are ready to bind some geometry to the particles now. So
let’s go back to the SOP network. We stopped modeling at the first Primitive
SOP. So let’s add a Pop Merge SOP to bring in the information from the particle
system and use both inputs of another Primitive SOP to merge the geometry
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modelled before with the particle system. The options allow us to instance one
polygon per particle and transform each polygon according to the particle it is
bound to.

We are nearly finished now. The last geometry operation is to use a Ext rude
SOP on the individual particles to give them some depth. But so far the polygons
fall in chunks, they break from the ice nearly at the same time every time the
sphere hits the ice but the individual polygons stick together and move into the
same direction. So let’s change that and go back to the particle network. Append a
Interact POP to apply inter—particle forces. If you jump back to the geometry
and play back the animation you will notice that he animation didn’t change. You
have to adjust the parameter POP Path in the Pop Merge SOP to point to the
last POP operator in your particle network!. Now all the pieces fall into different
directions.

3 Birthcontrol
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Figure 10: The particle network.

As you can see in figure 10 the particle system can be controlled by nearly
everything you have at your fingertips within Houdini. In this example an image
from the compositing system controls where the particles get born.

The one you just added: interact1
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The simplest way to explain how it works is:

1. You create an image in the compositor with a Fi 1e COP. In theory you can
change the image with the compositing operators available within Houdini
but we just use the default image and leave it unchanged.

2. You need some geometry to birth the particles from. So create an empty
Geometry OBIJ and inside you create a simple network with a NURBS
Grid SOP and a Point SOP. The Point SOP will add a color attribute
to the control points of the NURBS surface. To connect the color attribute
to the information coming from the Fi1le COP you will use the expression
language.

3. Finally you create a Source POP and use the geometry created in the
second step to birth particles from it. The birth probability is controlled by
a simple expression using the color attribute.

Let’s have a closer look at the expression used in the Point SOP to add the
color attribute. The expression read like this:

pic("/img/imgl/default_pic", $BBX, $BBZ, D_CA)

So the first thing you have to find out is where to find help about this ex-
pression. If you change one of your panes to be a Help Browser you can
navigate to Expression language and find the function explained in the
Compositing section.

The help page for the function pic (...) will explain the meaning of all
parameters. So the first parameter points via a string reference to an operator in
the compositor. The last parameter chooses the color type to be the alpha value of
the image. The uv—coordinates are defined by the second and third parameter and
the strange expressions starting with a dollar sign are explained in the local help
of the Point SOP. Just right click with the mouse on the operator and choose
Help or bring up the parameters dialog and click on the question mark.

4 The VEX Builder

We want to use the VEX builder within Houdini to create a surface shader for
Mantra which is similar to the default shader of RenderMan. The shader doesn’t
need light sources to illuminate the scene but will fake the effect of a light source
which would be located where the camera is. Here is the source code of such a
shader in RenderMan’s shading language (SL):
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surface

rsl_mill_default_surface(uniform color surface_color = 1, opacity = 1;
uniform float Ka = 0.2, Kd = 0.8)

{

float diff;

diff = I.N;

diff = (diff * diff) / (I.I * N.N);

Ci = opacity * surface_color * (Ka + Kd * diff);
0i = opacity;

I don’t want to go too much into the details of shader writing because I gave a
course about that last year but for this very first example I will explain a bit what’s
going on.

A dot product between two vectors would be the length of the first vector
multiplied by the length of the second vector multiplied by the cosine of the angle
between the two vectors. In the special case of the dot product of a vector with
itself the cosine will be one so that the dot product will be the square of the length
of the vector.

So the final value of the variable di f £ would be the square of the cosine be-
tween the incident ray I and the surface normal N. Because the nominator and the
denominator would hold two times the length for each of these vectors multiplied
by each other the length of them does actually not matter at all. The illumination
of the surface would be strongest where the incident ray is parallel to the surface
normal because the cosine would be one. The illumination would be zero in the
case of both vectors being perpendicular. Between we get a nice variation of the
surface color so we can see the surface shaded without being illuminated by a
light source.

We add two shader parameters to control the ambient and diffuse contribution.
We calculated the diffuse contribution so far and we can weight it by a factor
called Kd, the ambient contribution is weighted by the factor called Ka. The
default values are chosen so that they add up to one but you can use other values
as well.

The default surface shader shipping with PRMan or other RenderMan com-
pliant renderers would use Os for the opacity and Cs for the surface color which
would allow the user of this shader to set these color values outside the shader in
the RIB file using Opacity [r g b] and Color [r g Db] lines. Because
we wanted to implement a set of shaders which can be used by Mantra, Render-
Man and mental ray we decided to use shader parameters instead because mental
ray doesn’t allow you to set a global color and opacity attribute which can be
picked up by the surface shader.

OK, let’s get started with Houdini. From the Desktops popup window you
can select a desktop called VEX_Builder. It allows you to see the effect of your
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Figure 11: The VEX Builder shading network

VEX shader in the upper left window, adjust parameters of the shader in the upper
middle window and to create and render a simple scene in the upper right window.
The lower part of the desktop is used to create a shader network without the need
of programming externally.

Place you mouse over the lower part of the desktop and press tab. Select
VEX Surface Shader from the popup window and go into the shading net-
work by pressing enter. You will see a Output Variables VOP (VEX Op-
erator). To see the effect of our shading network we will start with the two shader
parameters surface_color and opacity. For both parameters you can mid-
dle click on the color or opacity buttons within the Output Variables VOP
and select Create Parameter. Rename the resulting Parameter VOPs and
make sure to set the Type to color. After that you can go into the Color tab
folder and select a white default color for both shader parameters.

To see the effect of e.g. the opacity parameter you have to go to the upper
left window and set the Background to Checkerboard and press the button
to the right of the Background setting. You can make the surface for example
half transparent to check if everything works but set the opacity back to white
before you continue.

Now we start to implement the real shader by pressing t ab again and bring-
ing in a Global Variables VOP. Here we will find the normal N and the
incident vector I. For the rest of the shader refer to figure 11. To the right of the
Global Variables VOP you see three Dot Product VOPs which will be
used to calculate the value for the variable called diff in the SL shader above.
You just link the buttons labeled N and I with one of the Dot Product VOPs to
implement the dot product between the incident vector I and the surface normal
N. The same can be done for the dot product of each of these vectors with them-
selves. Now bring in two Multiply VOPs and link them to create the nominator
and denominator for the Divide VOP which will hold the result for the variable
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diff.

Now we create two more Parameter VOPs and rename them to Kd and Ka.
We use another Multiply VOP for Kd*diff and an Add VOP to combine
the ambient and diffuse contribution before we multiply this float value with the
surface color and the opacity color. Finally we multiply everything for the final
surface color output variable and re—wire the network so that the opacity wires
directly into the output variable Of and the output of the last Multiply VOP
goes into Cf.

There are a couple of things I would like to mention. First the different types of
values are indicated by colors. The lighter green will show you that a color is used,
the darker green is indicating a float value. In the context of RenderMan shaders,
which can be created with the VEX builder as well, you will find even more colors
for different types. Anyway the shader for RenderMan should be very similar but
might force you to use some type conversions. For example the last Multiply
takes more than two inputs and the third input has the type f1oat. VEX can
deal with that but you can also explicitly convert the £1oat value into a color by
usingaFloat To Vector VOP and wiring the same input three times into the
VOP. Another thing I would like to mention is that you can press the button with
the two dots for each operator. If you do this e.g. for the Global Variables
VOP only the connected outputs are shown. The same is true for the input values.
If an operator has a lot of parameters the network looks nicer if you focus on the
values needed.

5 Lighting In The Compositor

Here a little tutorial I came up with myself about lighting in the compositor of
Houdini:

1. Create a simple scene with Mantra shaders attached to the geometry, create
a camera, and one light which should have the camera as a parent. Render
the scene with Mantra.

2. In the VEX builder create a VEX Geometry Operator which will be
used to transform an input position via a matrix which mimics the relative
position of the light in relation to the camera. See figure 12.

3. Check with a simple geometry that your magic VEX operator does the
right thing. For example you could create with a Add SOP two points, the
first would be the origin, the second one would point into the negative z—
direction, and connect them to a polygon with only two points, in this case a
line. Then you append the operator you just created in the VEX builder and
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Figure 12: The magic VEX Geometry Operator.

give it the display flag. If you parent the associated object to the camera the
visible line should point into the same direction as your light does. Make
the light a spotlight to see the effect. Transform the light to check that the
visible line will follow. Afterwards you can turn off the display flag for the
line.

4. In addition to the line you created you can add another Add SOP to simplify
the expressions you will use later. Basically you calculate the coordinates
of a vector from the transformed origin to the point which originally pointed
down the negative z—axis.

5. Before you start baking information for the compositing system you should
create a Ambient Light OBJ and give it a fully white color.

6. Now you create two Mantra ROPs. The one will render the scene with all
lights except the Ambient Light. The other one will bake the normals
and positions in addition to the rendering of an image which will be lit only
by the Ambient Light.

7. In the compositing system you will use a Fi1le COP to bring in the image
you rendered with the ambient light and the baked positions and normals.
Pipe the output into a Lighting COP and in the Light tab you will
use expressions to bind the position, attenuation, direction, cone, and cone
falloff to the settings of the appropriate Light OBJ. For the direction you
will use the magic geometry you created above which had the two Add
SOPs and the magic VEX operator.

8. Now the fun part starts. You can change the light position, direction, cone
angle, etc. and the compositing system will show you a good approximation
of the final render in real-time.
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As an exercise try to create a second Light OBJ and bind it appropriately via
expressions to the nodes in the compositor, so you can blend between both lights
with a Blend COP. See figure 13.

Figure 13: Blending between the effect of two lights in the compositor.

6 Using Several Renderers

As an exercise for shader writing you could write a very simple shader, e.g. the
default surface shader, for three different renderers: Mantra, maybe using the
VEX builder, RenderMan, just use pure SL language, and mental ray, using C or
C++.

Once the RenderMan shader is written and compiled for PRMan you can use
a standalone program coming with Houdini called rmands to create a user in-
terface for your shader parameters within Houdini. Just use the command with-
out any options or parameters to get help about how to use it. I normally use
rmands -1 myrman.otl *.slo orsomethingsimilar to collect several sha-
ders for PRMan into one library and bring them back later into Houdini by select-
ing Install Operator Type Library from the File menu.

For mental ray there is a similar standalone program called mids working on
kind of header files (extension .mi) you should provide for your shaders.

Once you loaded the library files into Houdini your shaders should be available
in the SHOP menu and once you created instances of the shaders you should be
able to adjust the parameters.
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Considering that you wrote the shaders yourself and made sure that they do
exactly the same thing for all these renderers you should drag and drop the param-
eters from one shader onto the others to have one control object for all renderers.

Figure 14: A Select node combines different shaders.

Then you pipe all shaders into a Select SHOP and Houdini will automa-
tically select the appropriate shader for the renderer you are using in the output
ROPs.

7 Image3D

Jeff Wagner once told me how to use Image3D, I passed on the information to the
Houdini mailing list with a 18 steps HOWTO, and Jason Iverson put a tutorial on
the od[force]? web page.

Here, in a slightly different order to the original post:

1. A simple geometry, in this case a standard Metaball SOP,
2. and a shader, in this case a VEX Meta Cloud SHOP,

3. will be used to create via a 3D Texture Generator a file with voxel
information, a so—called Image3D file. See figure 15.

4. The next step is to have a visual feedback how the voxel data looks like.
Therefore you will create a IsoSurface SOP and use the same file you

Zhttp://www.odforce.net



© Jan Walter 2005 20

Figure 15: The 3D Texture Generator.

just created as input. Dependent on your settings you will see different lay-
ers of your density file and the detail of the information shown is dependent
onthe divisions.

5. But that’s only for visual feedback and you need neither the isosurface nor
the metaball to render the Image3D file. Just create a camera and some
lights and for the voxel data you will use a Atmosphere OBJ

6. with a VEX 3D Texture Fog shader attached to it. This implements
something like a raymarcher with a certain step size to read data from the
voxel field while the ray is traveling through the bounding box of the voxel
field.

Now go back and use several metaballs or particles which will create metaballs
to write out a more complex voxel field which still looks similar to the shape given
by the meta balls. Try to find better settings for the shaders to make the smoke
look better. Try motion blur with the smoke.



