Procedural Animation

Workshop 04: Image-driven Animation

We use image
data to control
3D elements

In this week we will look at several examples on how to create image-driven animations.

Image-driven animation

Step 1) First you need an image network. Go to the /img category. By default, Houdini
creates an empty Image Network called “compl” for you. You can use it, or you can
create your own one. Go into the Image Network by double-clicking it. We are going to
construct an Image Network (called a COP2 network) to manipulate the image. You also
need to choose a Composite View to view the 2D image processing result (instead of
using a Scene View):
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Press TAB and create a FILE OP. You can choose your own image, or you can use the
default “butterfly” image (it is called default.pic). Don’t forget turning on the blue-flag of

the OP:
'ri?f,File default_picl Hg}v Hllv @ @

o File | P oy |

Note that the name of the FILE OP will be changed based on what your image file name is.
Suppose you use the default image, then the name of this OP is called
/img/comp1l/default_pic. You will need this name in the later steps.

You can further process the image using other OPs in this network, say, Invert or Bright
or others. However, let’s use this simple image first.
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Procedural Animation

Step 2) Now, go back to /obj. Create a GEOMETRY and go into it. I start from a GRID
(I will explain why I set the grid’s parameters in such a way soon):

= Grid |gridl {3 HJL@ @

Primitive Twpe Folygon

:

Connectivity | Quadrilaterals ﬂ
Orientation | XY plane [}
Size |1 I |
Center (0.5 0.5 I |

Rows ' I

Columns

Step 3) (Slower version) whenever you want to grab the pixel data to control a

parameter, you can give this expression to the parameter:
pic(a,u,v,d)

where

) a is the name of OP in the Image Network;

) u and v specify the location of the pixel on the 2D
image (in the range [0-11);

) d is one of the following: D_CR, D_CG, D_CB, D_CA,
D_CHUE, D_CSAT, D_CVAL, D_CLUM for the red,
green, blue, alpha, hue, saturation, value, or
luminance of the pixel.

For example, let's say you want to use the luminance of a
pixel to modify the grid point’s z-position. To modify a
point’s attribute, we can use a POINT OP. In Houdini,
POINT is a useful OP: it can be used to modify points’
position, color, alpha, normal, etc. Let's try this: in the z-
position of the POINT OP, type the following:

pic("/img/compl/default_pic", $TX, $TY, D_CLUM)

The $TX and $TY are two internal variables available in
POINT: $TX is the x-position of the point, and $TY is the y-position of the pomt both of
them are within [0,1] because of our GRID’s setting in step 2. Therefore, they are suitable
for the pic() function.

Step 3) (Faster version) plug the GRID into the first input

of a VOP SOP. The VOP SOP will take the points coming BB = |©|%g0dD
down from above, and execute a script to modify the points’ | =)
attributes. But don’t worry: we don’t need to write the script P
line-by-line. We can construct the script by using the /_T =

“connecting OPs together” workflow.

Double-click the VOP SOP to go into it. If you press TAB you
can see a different set of OPs available, which are used to
construct the script. In this workshop I don't want to go
deep into it. I will just cover a few OPs which can help us to
finish the setup.

All the OPs in VOP SOP have their input on the left side, and output on the right side. By
default, there are two OPs created already: the globall gives you the point’s attributes,
and the outputl let you assign the point’s attributes:
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Procedural Animation

Timelne [

Let’s try a simple example: directly connect the “P” (position) of globall to the “Cd”
(color) of outputl. This means “using the point’s position as its color: x-position value
is assigned to the red color, y-position value is assigned to the green color, and z-
position value is assigned to the blue color”. Try it and see what happen.

Now we are going to include our “butterfly” image into this network. First, let’s separate
the position data into 3 channels (x, y and z), using a Vector To Float:

The fvall is the point’s x position;
fval2 is the y position, and fval3 is
the z position.

Timalnc [

And we create a Color MAP to read an image. We can give a file name to it, but we can
also refer to an OP inside a COP2 network by using the syntax:
op:/img/comp1/default_pic

i&alnrmap colormapl 502 ﬂe @
Ik Signature | RGB Values |
I ﬁﬁinr—ﬂﬁpc |np: fimg/compl/default pic n [}I

. - -

u |e L =
vl | |

N
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Procedural Animation

Referring to an OP inside a COP2 network has an advantage: we can do other 2D image
processing on the images before we use it by this Color Map, or we can also load an image
sequence into a COP2 network and use it.

Then we can use the x-position of the points as the u of the Color Map (the horizontal
position on the image), and y-position of the points as the v of the Color Map (the vertical
position on the image), like what we did in the pic() expression.

Lastly, we plug the output of the Color Map (i.e. the image pixel’s color) to the Cd of

age
life
pstate
id

Timelnc [

One limitation in this setup is that we are assigning the image pixel color directly to the
point color. Please read the following remark on how to assign the image pixel color to an
arbitrary attribute.

Step 4) Now we can go back to the geometry level. We have assigned color to the points,
based on an image’s pixel color. Of course we don't want to stop at such a “texture
mapping” effect. We can go further, using whatever OPs provided by Houdini.

Let me give you some examples: suppose you want to delete all points with dark color.
You may use a DELETE. To use the DELETE OP, you have to specify which points you
want to delete. Say, we can use an expression to specify that “delete all points with dark
luminance”, or, put it in @ more technical term, “($CR + $CG + $CB)/3 < 0.1":

Qﬂnlﬂ:ﬁ: deletel
Group |
‘Operation | Delete Selected
N
Geometry Type AN Types H

ding Volume | Mormal

| Enable

Operation | Delete by Expression n
ssian |($CR + $C6 + $CB)/3 < 0.1 |

Note that in this example, the $CR, $CG and $CB are internal variables of the red, green
and blue color of the points coming down (which has been assigned by the VOP SOP).
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Procedural Animation

As another example, let’s try to move the point’s z-position based on the pixel’s luminance
again. We can use POINT:

_:giPnint|Pﬂint2 | fH—Lﬁ @ _ %-
Group | ﬁ ® d"ﬂﬁf‘i

[ ] Match by Attribute

Attribuats to Match

$TZ + 0.1

$TZ + 0.1 * ($CR + $CG + $CB)/3
The “$TZ +” means adding extra value to the original point’s z-position ($TZ).

e points?

How about copy SPHERE o?to th

= oSy e %
- copyl L.
pointz _° ¥ ) Recall: turn on this if you

Selirce Group |: want to transfer the
color to the sphere.

Template Group |_
Copy | Stamp J Attribute |
|¥] Use Template Point Attribute
Set Muilt: Aeled Suh

And how about scale the spheres based on the pixel’s luminance? You can either use the
stamping technique; or, as the copies of sphere are primitives, you can simply use a
PRIMITIVE afterward to change their transformation attributes. A PRIMITIVE is quite
similar to POINT; it can modify different attributes of the primitives coming down:

-:iﬁ;Primitive |pr'imi1:i1.rel | H—L @ G

Source Group |

Template Group

Transform

Rotate to Template L

Transform Order !Scale Rot Trans H

Rotate Order | Bx Ry Rz B

Translate |EI ||EI ”EI
Rotate |0 6] 6]
Scale IWIW ($CR+4$CG+$CB)
T P [l e I

Note that we have used the point’s x-position and y-position to access the (u,v) position of
the image pixel color. The u and v of Color Map should be in the range [0,1], and that’s
why I setup the GRID in such a manner so that all the point’s x and y position are within 0
and 1. After we have grabbed the pixel’s information in VOP SOP, we can freely scale or
transform the whole model. For example, you can attach a TRANSFORM to transform it;
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Procedural Animation

ﬂ "'l:“rans;Fn:m Ixf arml

Group |
GNHBM\E | Guess from Group H
Transform Order | Scale Rot Trans H| Rx Ry Rz H

Translate |-2 ”2 ”m
Rotate |O ”a ”0
‘Seale |1 Hl Hl
Shear |0 ”g ”0
Pivot |0 lo llo
Uniform Scale :l Il]

[#] Recompute Paint Normals

And, how about adding TWIST to twist it?

ﬁffw};f_. twistl I@; H. ﬂ @
Group | B
Operation | Twist n
Secondary Axis Y axis ﬂ
Pivet |0 o o
strength [s0 | —
Rolloff +

NULL OP

I will suggest in the Image Network adding a NULL
OP after your FILE OP, and then modify the file name
from:

op:/img/comp1l/default_pic
to

op:/img/compi1/nulil

In our example, after adding a NULL OP you can insert any number of OP between the
FILE and NULL, for doing some 2D image processing, without need to modify your Color
Map in the VOP SOP. For example, you can insert an INVERT between the FILE and the
NULL to invert the color of the image.

Exercise 1

Note that you can also use a video-clip. However, Houdini does not read video file directly.
You have to convert it into an image sequence using other software, such as Adobe
Premiere. In this exercise, you are given an image sequence for testing; they are put
under the folder image_sequence. Note also the naming of those files.

Using the image sequence, try to simulate the Wooden Mirror effect using Houdini. You
can copy boxes onto a grid, and the rotation of boxes should be based on the pixel color
from the given image sequence.
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Procedural Animation

Remark beyond this class: assigning texture coordinates

Using the (X, y) position of a point to access the (u, v) of an image may not be a good
idea: you can only start from a grid (with size 1x1). A more general approach is to
assign texture coordinates to the object, and use the texture coordinates to access the
(u, v) on an image.

Since assigning texture coordinates to an object is not the major focus of this course, I
will only show you the simplest way here.

You can use an UVTexture to assign texture coordinates:

@H’ﬂ'&ﬂ:un—_ |1:ex1:|..|r52 | ﬂ ﬁ @

Group
Texture Type |_C‘_'f|il1dr'iCi|—H
Projection ais | ¥ axis [
Camera Namea & Ef;_:l
Apply ta I"W'

Scale |1 |2 2 |

offset |0 Il llo |

You can try different combination of Texture Type and Projection Axis for different
object type. For example, Polar is suitable for a sphere, and Orthographic (with a
suitable Projection Axis) is good for a grid.

Middle-click on the UVTexture, you can see that a new point attribute called uv has
been assigned to the object. Inside the VOP SOP, you can use the Import Attribute to
get the uv of the object, and use it to access the image:

¥ import Attribute [inportattribl | Me @

Signature | Vector Attribute

Atl:ri‘Bufq_ uv |
QP Input Index [0 I_
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Remark beyond this class: adding new attribute by VOP SOP

In our previous example, we assign the pixel’s color to the color attribute of the
object. In some situations you may want to assign value to other (new) attributes of
the object. For example, inside VOP SOP you can extract the red color of the pixel,
and assign it to a new attribute of the object (let’s call it redonly), using the Add
Attribute:

. attrib  new . |"'
[0] adata
[ ] lzeal...

G'VT—_' Add Attribute (addatt ribl |{§ ﬂ |
b Eroidf,

Signiature Hoat Atribute -

Attribute | redonly

Local Vﬂn"ﬂiﬂlﬂ Marne | REDONLY

Data Float

Go back to the geometry level, we can see that a new attribute called redonly is
added to the object. We can use this value afterward, using the variable symbol

For example, we can use
$REDONLY here to get
the redonly value.

Cache the intermediate results

In case you still think that the VOP SOP is a little bit slow, especially when the GRID has a
lot of points, you may consider caching the intermediate result (point positions and colors).
This is useful especially when you seldom change the setting of GRID and VOP SOP.

There are two ways to do that: (1) to “lock” the OP; or (2) to save
the results to disk as external files, and read them back later.

Let’s say we want to cache the intermediate results at the DELETE
OP. You can:

Method 1) Lock an OP

You can turn on the red flag of any OP to cache the intermediate
results. The results will be saved together with the file (i.e. the
file size will be larger), but the operations of GRID, VOPSOP and
DELETE will not be evaluated again until you turn the red flag off -
to “unlock” the OP.
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Method 2) Save to external files

You can also use the ROP OUTPUT DRIVER to save the intermediate results to external
files:

 ROP Hjllﬂ:ﬂfl‘m‘zrl rop_geomet ryl I @EL o a

Render With Take
S0P Path b gwa L puintl - T
Output File
Transform

v

Mone
' h'-.’&}s’.n}.--,g‘iil

1) Set a frame range

2) Set an output filename. Use $HIP to represent
the same folder as this Houdini file. Use $F to
represent the frame number. If you want to store
into sub-folder, you have to manually create the
3) Click this to render sub-folder by yourselves first.

The intermediate results of DELETE (i.e. the vertices, edges, faces and point color) are
then saved onto the hard-disk as a sequence of geometry file (the format is called BGEO).

Now you can read it back using FILE, with
the same fileaname

$HIP/disk_cache/dancer.$F.bgeo

(Note that the filename is dancer.$F.bgeo,
which means that at frame#1, it loads the
file dancer.1.bgeo, and at frame#2, it
loads the file dancer.2.geo, etc.)

The advantage of this is obvious: reading
the bgeo files from the hard-disk is much
faster than re-compute the OPs above the
DELETE again and again.

Latter on, if you have changed the GRID’s
setting or the VOP SOP’s parameters, you
can always go back to this ROP OUTPUT
DRIVER, click the RENDER button, and re-
generates the disk-cache again.

Time-shifted image sequence

If you have saved onto the hard-disk the intermediate results of geometry for all the
frames, there is one more funny option that you can play with: the file index you load is
not necessary to be equals to the current frame number. Therefore, at frame#1 it is not
necessary to load the file dancer.1.bgeo. I can “shift” the time a little bit.

Assume that I want to load 5 grids at a time, each with different time-shifted. For
example, at frame number $F I want to have:
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dancer.” $F+1. bgeo

dancer.” $F+2" .bgeo

dancer.” $F+3" .bgeo

dancer.” $F+4" .bgeo

dancer.” $F+5" .bgeo

This can be achieved by creating 5 FILEs, and putting a simple expression inside the
filename parameter of the FILEs:

dancer.” $F + 1 .bgeo for filel

dancer.” $F + 2" .bgeo for file2

dancer.” $F + 3 .bgeo for file3

And you have learnt stamp(), so you can use the COPY and stamping technique instead of
using several FILEs:

Filename dancer.” $F + stamp(*...”, “fnum”, 0) *.bgeo

lj B

A grid with Row=5 and
Columns=1

Create a stamp variable
fnum with value $PT

Generate particles

Lastly, don’t forget that we have tried PARTICLE. You can generate particles from those

_State | Forces | Particles | Limits | Render |
[] Add Farticle ID
[] add mass Attribute

e

D Add Drag Attribute

Drag |1 #}

—
Birth | 1666800

=

Life Expect (8.5

Life Wariance

Add some Turbulence too! For example, generate large number of short-life particle
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Remark: you may want to render the results of the particles, but display the result of
COPY in order to speed-up the on-screen display. In Houdini, it can be done by:

Turn on blue-flag of COPY, so that its result
will be displayed on the screen.

Ctrl-left-click here to turn on the purple-flag;
which means that the result of this OP will be
rendered.

Exercise 2

Continue on the above example (a row of time-shifted grid):

1. Try to copy circle onto the points, where the size of the circle will depends on the

luminance of the point.

2. Try to make the circles at the beginning of the row to be smaller, and the size

becomes larger when it is at the end of the row:

Smaller circles Larger circles

** Week 04 END **
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