Adventures in Filtering 8 – Compound Filters: The Pinwheel Problem
Fluxrider 2019
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We’ve begun to play around with compound filters, filters that create the illusion of multiple objects or layers within a single filtered object.  Once we are combining various virtual objects, we may find that unexpected “extra bits” invade our filter result.  One notable family of issues, the Pinwheel, is perhaps worth examining.

We have created a filter that we like, which has 
something like a petal shape that we 
would like to emphasize and use.

So we will create a petal-shaped alphamap
to bring it out.
Also, we like the white bits in the pattern 
but they are simply "holes" in the design and 
disappear if the graphic has a black background.    

(See below.)

[image: image42.png],,,,,,,,,,
\\\\\

\\\\\\
‘ n [
"""""





We want to preserve these details, even if there's a dark background.  

So.  We are going to create a filter-clipping alphamap that is petal shaped, because that’s what we’re after.  Then we’ll add a false back of some color.  We’ll go with a blue color I think.
The false back is the second “object” in the filter, the thing that will make this a compound filter.  There will be a filter design “layer” and a blue flood “layer” in the filter.
Description of Components in This Example
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We are applying this filter to a set of eight triangles arranged in a composite diamond shape.  For this discussion, it will be useful to label these Source Graphic triangles.  There are four triangles that are copies of the original triangle and four that are reflected copies of the original, arranged in opposing pairs, as below.  The reflections are labeled as B.  Looking out from the center of the diamond, the A triangles are on the left side and the B triangles are on the right side.

For reference, here are the original base gradients for the filter, and the original position of the source graphic triangle.  After thinking about where this “petal” effect occurs in the filter result, we realize that for our alphamap gradient (for the petal shape) we need one half of a petal shape along the long side of the source triangle (the hypotenuse).


Source Graphic triangle (green)

      How the filter maps to the triangle
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We did this with a radial gradient (with a sharp boundary of transparency) that we stretched a bit and then positioned along the hypotenuse, but slightly misaligned so it forms a thicker end and a pointed end, where the gradient overlaps with the edge of the source triangle. 
We can see that the part of the gradient that’s inside the green triangle forms one half of a petal shape.

At right is a pair of A and B triangles.  The A1 triangle is showing the alphamap as we positioned it in the triangle space, and the B1 triangle shows how we envision it working on the filter result.

Applying this alphamap to the filter chain with a clipping Composite (mode:In) should produce petals with the filter design in them.
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However, when we apply this gradient with an Image primitive and a clipping Composite it looks messy, not a petal shape.  The ends are too wide and not shaped right, most of the white markings are gone, and the design itself seems lopsided, tilted.
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The problem here is the alphamap gradient is applied to the bounding box for the source triangle in the filter.  That bounding box was a square which, when the triangles are rotated and positioned in the composite diamond, includes area that is part of the other triangle in each pair.  This means that the bounding box of the upper triangle (the A-side) is “above” the whole filter result for the lower triangle (the B-side) and can block our view of it.
To correct this, we can go back and change the shape of the alphamap object to the same size and shape as the Source Graphic triangle.  However, in many cases this will not be easy to do, or the different shape/size may be necessary to keep for various other reasons.  Going back and changing it may also cause other headaches…
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Alternatively we can constrain the filter result to just print within the Source Graphic triangle’s area.  To do this we simply add another Composite after the filter result to make the filter result only exist where the Source Graphic object exists.
 The Composite settings would be mode:In, top input:Filter result, bottom input:Source Graphic. 
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Now when we use a Composite:In to paint the filter design over the petal shaped alphamap, it only prints over the part of the gradient that is actually inside the source Graphic triangle, and doesn't fill the rest of the bounding box. 

It creates the petal shape we were aiming for:

The petal shape is correct, the design is no longer lopsided, and the white markings are back.
We have successfully generated a petal shape.
Now we need to create a false back in our filter, so the holes in the design don't get lost against a dark background.  The plan is straightforward; flood a color into the petal shape, and arrange that part of the filter "underneath" the black & green design petals.  This should make the same petals, but with blue markings instead of white.
We add a Flood primitive, and set the color to blue, then add a Composite set to mode:In.
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The first input is already set to the preceding Flood, and we point the bottom input to the Petal alphamap, to clip the flood color to the petals.

Then a final Composite, in mode:OVER, with the filtered design petals on top, and the blue flood petals on the bottom.

And voila! a Pinwheel instead of what we were expecting!

How Pinwheels Happen
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Pinwheels stem from the possibility of the filter filling a region that is outside the Source object, but still inside its bounding box.   Since we need to arrange one part of the filter OVER another part, things can be “covered”.   At that point, one triangle in a pair is above the other in the z-order, and the top triangle’s bounding box extends over the other triangle.  In this case the the A-side triangles are above the B-side triangles in the z-order (as can be seen in the Objects dialog).
Note that it doesn’t actually matter whether the A and B triangles alternate in the z-order or are collected into a set of A triangles and a set of B triangles; the A triangle in a pair is still above the B triangle in that pair.  Since it will make things easier to manipulate  and examine, we placed the A triangles together in the z-order, and the B triangles together.  

A Fun Trick for Analyzing
To understand this pinwheel better, we can do various things.  Since we know the A-side triangles are on top, we can make them invisible, to see the B-side triangles beneath.  

Original Pinwheel
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Or perhaps better, we can pull the four B-side triangles off to the side. (Alt-drag can be helpful here.)  
Even more satisfying to our human brains, we can rotate the whole diamond 30 degrees, pull the B-side triangles down some, and then flatten the whole thing a bit, to evoke a sense of perspective.
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B-side Triangles Only

B Triangles Pulled Off to Side 

Perspective
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After viewing this way, we can see the problem is that our blue petal-clipped flood is filling area in the bounding box that extends over the other triangle in the pair, so the blue  is covering the B-side’s filter design.  This means the blue flood petal is not constrained to just the area of the source graphic triangle.  Once we constrain that, the blue flood should not cover the other triangle anymore, and we should be able to see just the filter petal on both sides (with the blue floods behind both).
And we do.  With the petal alphamap also constrained to the Source Graphic triangle, the desired filter petals with false blue back display correctly: 
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And the details are still visible when 
a dark background is present:
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In fact, if we go back to the problem we had creating the petal shape in the first place, when we were seeing an incorrect set of filtered petals, that glitch was actually also a member of the pinwheel family.  It doesn’t particularly resemble a pinwheel because the problems look somewhat symmetric in appearance.  Let’s look at this one more closely.
So, this graphic has A-side triangles extending over the other side, and covering most of the B-side triangles.  We can see that the oval gradient from the Petalmap is more completely present than it should be, and that accounts for the lopsided ovals in the design here.  We are seeing more of that gradient than just the “half petal”.  
The overall shape looks symmetric because the B-side triangles peek out a bit on the other side of the A-side triangles.  And most of the white marks in the design are not visible because those holes are in front of black areas in the B-side triangles underneath.

There are a good number of other ways to form a pinwheel.  An even simpler version of the above pinwheel is a filter that doesn’t even use the filter result.  A single Image primitive set to the (unconstrained) alphamap for the petal shape is all that’s needed to form a pinwheel.
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And it’s worth mentioning that the two filter chains below are completely equivalent, as they are currently set.  Both use only a single Image primitive to create the resulting filter:
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Although the chain on the left has many filter primitives, they all wind up being ignored by the last primitive, which is an Image primitive that is only concerned with the image that it is pointed at.  The “input” for Image primitives is largely not used, in the same way that any Fill primitive doesn’t really care about its input.
We can place a properly constrained Filter Petal shape OVER this elemental pinwheel to form a more recognizable pinwheel.  The goal here might have been to get rid of the white markings in the filter result, and so a plan was conceived to place a black fill behind the filtered petals.  The filtered design part that looks like the pinwheel here actually has nothing to do with causing the pinwheel; the pinwheel is actually caused by the black shape from the unconstrained alphamap for the petal shape, which is covering the filter result in the B-sides.  
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So if we constrain the alphamap to the Source Graphic, then that should resolve the pinwheel.  

And it does.  
We added a Composite with mode:In to clip the Image primitive to the source triangle.   This accomplished our presumed goal of getting rid of the white markings in the petals design.
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In the filter chain above, the Displacement Map is the end of the chain that generates the filter design we’ve been using.  Here are the primitives after that filter result:

Image: This is the alphamap for the petal shape. This Selected SVG Element is the object with the stretched oval-shaped gradient.

Composite: This composite is set to mode In, and constrains the alphamap (the petal shape) to the Source Graphic object (the triangle). This prevents spillover to the other triangle in the pair.
Composite: The second composite is also a clipping composite with mode: In, but this one clips the filter design to the constrained petal shape.

Composite: The last Composite is set to mode OVER, and places the filter design petal OVER the black alphamap petal.

There are actually two different instances of filter-clipping going on here.  We use a Composite to clip the filter to a petal shape, and we also use a Composite to clip the filter to the Source Graphic; to constrain it to the original triangle.  

To reduce confusion I am using the word “constrain” to refer to any clipping to the source triangle, and using the word “clip” to refer to clipping to the alphamap (the petal shape).
All pinwheels stem from an unconstrained fill or image, i.e. one that spills over into the bounding box area.  So we can tell that in this next pinwheel the problem looks to be an unconstrained blue petal shape.  
The objective here might have been to place a blue petal shape in back of the filter design so that the “holes” or white markings in the design are blue, but just within that petal region.  The filter design looks okay, it’s just that a misshapen blue petal extends over part of the opposite triangle.
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We can confirm this by looking at the filter chain.  The filter chain is constrained to the Source Graphic, but there is no Composite constraining the Image primitive (the petal shape) to the Source Graphic:

Once we add another Composite after the Petal-clipping Composite, that constrains the petal to the Source Graphic triangle, the result looks as intended.  
To do this we can either add an additional constraining Composite after the alphamap Image like this:
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…Or we can move the existing constraining Composite down to after the last Composite (the one set to OVER mode), and constrain both the design and the blue petal clip at the same time.  Either way will produce blue markings in the petal area of the full unclipped design.
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A final pinwheel to highlight, This one makes use of a Composite in mode:OUT.
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This one looks like it might be caused by the petal shape, but in fact it is a simple straightforward cause; the flood is not constrained to the Source Triangle, and extends over both triangles.  
The filter chain for this one includes a Composite set to mode:OUT  (the currently highlighted Composite).  This mode takes the first input and prints it wherever the second input is not.
The top input in this OUT Composite is the constrained filter design.  The bottom input is…the unconstrained petal shape from the alphamap printed IN-to the filter design.  So this OUT Composite prints the filter design everywhere in the triangle except for where the filter petal is (ie. outside the petal area).  That means that where the petal shape would be, the filter design is not filled, and you can see through to the blue flood beneath.   All that is visible in this pinwheel comes from the A-side triangles, the B-side triangles are completely covered.

We can see this better if we just remove the flood and its Composite altogether; the Flood no longer covers the B-side triangle, and so there is no pinwheel any more.

Okay.  But what are those markings inside the petal area?  We saw them in the pinwheel too, in one half of the blue petal area.  They obviously don’t come from the flood, since we’ve removed that already.
The markings are where the holes in the filter design occur.  Where those holes are, the design is partially transparent, and partially opaque.  In an OUT mode Composite, the parts of the bottom input that are completely opaque are completely excluded, and the parts that are partially opaque are only partially excluded.  So these markings are the partially excluded shadows of the partially opaque holes in the original filter design.  (
Although all pinwheels come from spillover into the bounding box area, there are still a good number of variations.   Obviously, if there are more possible if the filter has more “objects” or layers.   But even the small number of variables we’re using here can provide several variations of pinwheel.

List of Possible Pinwheels for this Filter-Clipping Example

Here is a list of most of the simplest pinwheels for our set of variables.

(Apologies for the small scale; you may need to expand some of these to see the details.)
And remember, “constrained” refers to clipping the filter to just the Source Graphic triangle.

Unconstrained Petals Alphamap – Simplest


Petals alphamap constrained
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Unconstrained Filter Petals




Petals alphamap constrained
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Unconstrained Filter Petals OVER Unconstrained Flood Petals 
Petals alphamap constrained
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Constrained Filter Petals OVER Unconstrained Petalmap

Petals alphamap constrained
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Constrained Filter Petals OVER Unconstrained Flood Petals 
Petals alphamap constrained

[image: image12.png]




[image: image13.png]



Constrained Filter Petals OVER Unconstrained Washed Petals 
Petals alphamap constrained
*A flooded petal is solid blue, while a washed petal has holes where the filter design has holes.
So the difference between a flooded back and a washed back is that the markings for the washed back will have less blue in them.  Still blue, but less so.  This may be hard to see at this small scale…
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Constrained Filter Petals OVER Unconstrained Flood

Blue Flood constrained
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Constrained Filter Petals OVER Unconstrained Wash

Blue Wash constrained
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Source Graphic Object OVER Unconstrained Filter Petals         Alphamap constrained, f-order swapped
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Unconstrained Petalmap OVER Constrained Filter Design 
Petals alphamap constrained
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Unconstrained Flood Petals OVER Constrained Filter Design 
Petals alphamap constrained
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Constrained Filter OUTside Constrained Petalmap - OVER blue Flood
Flood Constrained
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Constrained Filter OUTside Unconstrained Petalmap - OVER blue Flood
   Flood Constrained

*The only difference between this and the preceding example is that the Petalmap is unconstrained.

This results in the black lines in the middle of the triangle pairs going away; the blue area is more solid now.  Interestingly, this also creates more pronounced white lines in the resolved pinwheel.
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Constrained Filter OUTside Constrained Filter Petals – OVER blue Flood
    Flood Constrained
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Constrained Filter OVER Unconstrained Flood Petals

Petals alphamap constrained
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Constrained Filter OVER Unconstrained Washed Petals

Petals alphamap constrained
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Constrained Design OUTside Unconstrained Design – OVER flood
Flood Constrained
[image: image36.png]w,
Ny

Y

W

LARY
Ay

el
Nty

A\
o
i

mb

|

o
-
- =
- = ,
< Z: %
B My,
N7 My
D Jny






[image: image37.png]N
PPN

‘:::.K'.\'a o

a3 £/
= Z
;\‘ _ e
i T £
’/ PENVANSRIE S
W

o : i ’i n..“
. s
t't ity
\\ y
4




Okay, these aren’t pinwheels.  In fact they’re…Nothing but holes!   (Just a bonus for reading this far.)
They all make use of the filter design printed OUT-side itself.   (A Composite with mode:OUT)
Once we saw this happen in the final highlighted example above, it made us curious if we could make a design that was nothing but these “shadows of holes”.  We can.  Below are examples for each of the main three shapes we’ve seen in these clips; the full diamond, the petals, and the unconstrained petals.


Unclipped


Petals



Unconstrained Petals
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That’s about it.  Now go out and make some pinwheels of your own!
Flux
