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Introduction: Composite Shapes

Some of the more interesting and useful capacities in Inkscape have to do with procedural repetition.  We can do a simple thing, and Inkscape can repeat it for us in graphically interesting ways; tiled clones, interpolation, stitching sub-paths, etc.  And filtering is part of this set of ways; once you create a filter, you can apply it to multiple objects at the same time.

And if these multiple objects happen to be arranged in a larger, composite shape, then the application of that filter to all of those objects at the same time can have really interesting results for that larger graphic.

We are talking about a set of objects that are all the same (some being reflections of the object.)  The other important characteristic is that the objects are fitted together in such a way that an edge is next to the corresponding edge in the adjacent copy of the object.  This provides a symmetry across that edge, and across the other seams in the composite shape.  These symmetries then start to form a more recognizable pattern, instead of just a random design.

Obviously, this approach is going to be well suited to abstract designs, patterns, mandalas, etc.

Good Shapes to Use as Building Blocks

We can make composite shapes out of many different object shapes.  The best ones will fit together in nice ways.   Triangles are not the only options, but they are definitely the most versatile.  The angles of our shapes do need to be specific values in order for the objects to fit together as single, larger shapes.

There are many ways to make objects with these specific  angles.  Below, we’ve made a number of basic shapes, and listed the methods we used to make them.  There are many other methods, as well as other shapes we can use, but these are some of the best and most versatile shapes to use.

[image: image1.png]



To make the above equilateral triangle (triangle 1 in the row) where all angles are 60 degrees, we used the polygon tool, set to regular polygons (not stars) with three corners, and not Rounded or Randomized.  With the polygon tool set this way, we Ctrl-dragged straight upward on the page to create an equilateral triangle with a level base.
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To make a triangle of angles 30, 60 and 90 degrees (triangle 2 above): 

We duplicated triangle 1, and changed it to a path (Shift-Ctrl-C,  or Path > Object to Path). 

We changed to the Node Tool, selected the base edge & clicked the Insert New Node button. 
(This inserts a new node at the midpoint of the selected line segment.)  
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Then we selected the unwanted half of the base, and clicked the Delete Segment Between Two Nodes button.
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We selected the other unwanted line and click the Delete Segment button again.  This left half of our original triangle in place, but open on one side.  So to finish, we selected the two nodes that were now endnodes, and clicked the Join Selected Endnodes button, which closed up the triangle.  

This is a 30-60-90 triangle. This is the most versatile of the triangle shapes, and can be fitted together in various ways.

Another versatile triangle is one with angles of 30, 30 and 120 degrees (triangle 3 above).  We made this one out of the 30-60-90 triangle. We duplicated triangle 2, inserted a node at the midpoint of the hypotenuse, and then did the same process as above to remove the unwanted segments.

(We could also have duplicated the 30-60-90, flipped it vertically and joined the two triangles with Path > Union  (Ctrl-+).  This would have made the same shape, but a somewhat larger version of it.)

To make the diamond or rhombus shape next to that, we simply duplicated the 30-30-120 triangle, flipped it horizontally and joined the two with Path > Union.

The square is of course even easier, just Ctrl-drag out a rectangle with equal sides.
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And the final shape, a 45-45-90 triangle, was made out of the square.  We changed the square to a path, and deleted a corner node with the Delete Selected Nodes button in the Node Tool.
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This resulted in a square-ish shape with only three corners, and a curve where the fourth corner was.  

We selected the curve, and clicked the Make Selected Segments Lines button.  This made the curve straight, and created a triangle from half of the square.

The next step is to put shapes together to create composite shapes.  Normally we would only be making one particular composite shape, out of a single type of building block shape. The reason we have several here is that we are exploring the process itself.  
Recall that we want these shapes to generate symmetry, so we’ll only want shapes where the sides that join together are the same.  So we’ll mark these shapes so we know which side is which in a set of the shapes.  An easy way to do this is to put a different color circle at each corner; this gives each side a unique pair of colors, and we can also see the direction of the eventual design on each edge, so we can see whether or not the sides join together correctly for our purposes when we assemble multiple instances of a shape.

Think of the circles as a map for how each object is oriented.
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We’ve made some dots, and positioned them with the shapes and grouped them, to color code the sides and corners.  This also has another benefit…

As we learned in the first episode, Adventures in Filtering 1, if we move, resize or rotate an unfiltered path, it will not work correctly for orienting a filter that is applied later.  In fact, even if we have already created a rotated filter and then move the object later when it is not filtered, that will reset the existing orientation.   

In contrast, we CAN move, resize or rotate geometric shapes that are NOT paths (rectangles, ellipses, stars, polygons) without messing up the filter orientation, and we can do the same thing with groups.  Both shapes and groups are okay to change while not filtered, we just can’t do that with un-grouped paths.  

If we review how we made the shapes above, some of them are paths.  However, once we applied the color coding circles, they are all groups.  
So we shouldn’t have to worry about arranging them while unfiltered; we can go ahead and arrange them into composite shapes, and apply filtering later.

Some Possible Composite Shapes

So, what shapes can we compose?  Here are some.
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Diamond from four squares
From four 45-45-90 triangles
From eight 45-45-90 triangles
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Notice that we’ve rotated the various shapes so that the same part is in the middle. 
Also, two of the squares in the first shape above are reflections; the order of dots is reversed, counterclockwise instead of clockwise.  In fact, all of the shapes are half original copies, and half reflections.
We can see this first shape doesn’t have a lot of symmetry; the places that show symmetry only appear two times in the whole shape (where similar dots meet).  
The second shape is similar, but does have symmetry occurring at the corners of the composite shape, which can be nice. 
The third shape has somewhat stronger symmetries, since there are more edges that meet.
Some triangles.
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Triangle from four 60-60-60s
Triangle: three 30-30-120s
Triangle from six 30-60-90s
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The triangle from four equilateral triangles does work, but has issues.  The only real symmetry is where the triangles all meet the reflected copy in the middle.  Also, any differences in the design from side to side will show as different in the composite triangle, since the whole 60-60-60 triangle is shown each time rather than half of it twice each time.

This can result in a lopsided look once we apply a filter design, with any symmetry not centered.
A triangle can be made from three 30-30-120 triangles (the middle triangle above), but the symmetry is broken.  There are three seams; three places where the edges meet.  There is no combination of original copies and reflected copies that can make all three seams symmetric; one will always be a mismatch.

There are only three shapes, so there cannot be an equal number of original copies and reflected copies.

However, each of those 30-30-120 triangles can be replaced by two smaller 30-60-90 triangles, making a total of six shapes used.  In this case, we CAN have an equal number of original and reflected copies, and so this shape can be symmetric (the third triangle above).
In general, the more shapes are used in the composite shape, the greater the symmetry can be.
We can improve a basic hexagon the same way.
A hexagon can be made from six equilateral triangles arranged around a center, three plus three reflections.  But the symmetries are somewhat weak, with each symmetry occurring only three times.  One composed out of twelve 30-60-90 triangles has a more robust symmetry.

Hexagon from six 60-60-60s
Hexagon from twelve 30-6-30-90s
Diamond from four 30-60-90s
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We can see a more pronounced symmetry in the second hexagon.

The rhombus at right is much like the earlier example of a diamond from four 45-45-90 triangles, but this one is not as easy to subdivide into eight triangles instead of four, since they are not isosceles.
What we CAN do however, is add more 30-60-90 triangles, because of their versatile shape.
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[image: image19.png]



[image: image20.png]



[image: image21.png]


Notice the first shape is completely contained in the second.
And the second shape is completely contained within the third shape at right. 
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We can make a star out of six of the rhombus shapes, three original copies plus three reflections.
This shape can also be made more robust by subdividing the rhombus shapes into pairs of 30-30-120 triangles.

Below is a diagram of some of the  ways the 30-60-90 triangles can fit together.  Starting with a hexagon made of twelve 30-60-90 triangles, we can keep adding layers to the outside:

Hexagons: 12 x 30-60-90, 36 x 30-60-90, 48 x 30-60-90. 

 Stars: 24 x 30-60-90, 72 x 30-60-90. 
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And so on.  However, the last shape above involves 72 objects that will each be filtered.  This is starting to get pretty heavy on processing demand, and Inkscape may start to lag, especially if our filter is complex.

We can also do less recognizable shapes.  Here is just one example.
Yin-yang diamonds, 28 x 30-60-90
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So as we can see, there are many different shapes we could compose.
We will also need some kind of filter to apply, so let’s do that now.
For our purposes here we’re not really interested in a fancy complicated filter, but we do at least want to leverage a couple different gradients in order to generate some design pattern.
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We’ve created a couple squares with different radial gradients that can be combined in the filter for an abstract design pattern.  The design looks like nothing much, but should be fine for our purposes.
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And we’ve created a simple filter that just places the first gradient image over the second, and then constrains them to just the area of the source object (so they won’t spill over to other areas in the filter.)
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Composite Shapes Filtered – Inspecting Symmetries
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So, we have some composite shapes ideas, and a filter for applying a random-ish design.  Let’s try out some shapes.  Again, the filter we are applying isn’t intended as a final product, but just an illustration of how the filter generates symmetry in the composite shapes, for understanding.
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Even our primitive filter shows the weakness of the symmetry in the first example above.
The second example, using four triangles, has a bit nicer symmetry, mainly because we are only reproducing the same half of the square on each source object.
The third example has twice as many objects, and therefore twice as many seams that create symmetry.

This third composite shape is clearly the most symmetric of the three.

Composite triangles and stars are also possible…
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With our basic filter applied, we can see what the earlier comment about lopsidedness means.  The four triangles do not evoke a sense of symmetry; we can see an oval four times in the design, and they all look slanted in different directions, and not centered or anything.
There is also another item to note in this example; there seems to be a “notch” in the right side.  Looking at the unfiltered shape we can see this notch is at the corner where the yellow dot is, which in the original source triangle was the far right corner (lower right corner).  The gradient object is just slightly smaller than the triangle, and didn’t quite fill the region, ending just before the corner.  If we look where the single other yellow dot is located in the composite shape (ie. the lower left triangle) we can see that that corner is actually cut off too in the filtered design.
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This symmetry looks better.
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Six rhomboids.
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Twelve 30-30-120 triangles.
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Outlines show how 




each diamond fits 




inside the bigger 




diamond.
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In the first hexagon below (composed of 60-60-60 triangles), we can see the same notch that we saw in the triangle that was composed of the 60-60-60 triangles. The triangles are still slightly too small.  (
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There are some circles emerging in the design, 

a feature that could be emphasized if we wish.


In episode 1 we learned about filter-clipping, and how images map to the Image filter primitive.

In the current episode we looked at filtering composite shapes.

Now we would like to examine how filter-clipping can be useful with some composite shapes.

But before we do that, we will take some time to address a crashing problem that can easily occur by mistake once we start playing around with filtering composite shapes.

If you find your Inkscape is suddenly crashing a bunch, the next episode is for you.
Fluxrider
