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Introduction
The Filter Editor contains various filter primitives that we can combine to make interesting filters.

Two of the basic functions are combining primitives such as Composite, Blend and Merge, and fill primitives such as Flood, Turbulence and Image. (Tile is another fill primitive, but doesn’t work and can be ignored.)  For our endeavors we will frequently require the Composite primitive for combining, and the Image filter for fills.  Both are versatile.  The Image primitive in particular can be used in all sorts of ways.  This primitive allows us to fill the filter region (or a part of it) with anything we can make, or even an image from elsewhere.  But how do we use the primitive?  How does our chosen image get mapped to the space in the filter?  These questions are not trivial, particularly the questions around how the image maps.  Clear explanations seem hard to find on the web.

Conventions & Labels
Before we begin talking about different objects which can take a lot of words to specify, we can define some conventions that will help with being clear.
The Image filter primitive refers to the two types of image object that it can be set to as “Image File” for an externally saved image file, and “Selected SVG Element” which can be something else in the same SVG drawing.   So when we are talking about using an image in the Image filter primitive, 
· “image file” or “external image” refers to the first option, the external image and 
· “element” or “SVG element”  refers to the second option, the internal object.

· To differentiate between the image object used by the Image primitive and the object to which the whole filter is applied, the object that gets filtered wll be called “source object” or “source graphic”.
· The word “shape” as we use it here will indicate a non-path; a shape is created by one of the shape tools - the rectangle tool, the ellipse tool, or the polygon/star tool
· If we Select a shape and choose Object > Group, what we have made is a “grouped shape”.

·  If we Select a path and choose Object > Group, we have made a “grouped path”.
· Multiple objects in a group are simply called a “group”.

The Image Filter Primitive
The Image primitive has a simple control panel, which is visible when we highlight the primitive: 
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There are two tabs, Effect Parameters and Filter General Settings.  
· The second tab is not actually part of the Image primitive, it is always present and is just for the overall filter.  Since the general filter is composed entirely of whatever primitives are used, the only settings on the second tab are for the size and positioning of the general filter region.  For details see the section below on size and shape.

The Effect parameters tab is the settings for our Image primitive.  The Source of Image field is blank here because  we have not yet set an image source for this Image filter primitive.  

· If we click on the “Image File” button, we can navigate to an external image file we want to use.  (The field will show the full path and filename.) 

· If we wish to use an object in the same drawing, we can 
1) select the internal object, and 
2) click the “Selected SVG Element” button to point the Image primitive to that object.

· Whether we set it to an external file or an internal element, that image source will then show in the Source of Image field, and the output of the Image primitive will be that external or internal image.  However, specific behaviors can differ, as we shall see. 
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The filter is actually applied to a triangle.
Set to an external image file:

(Object is centered. There is white space included in image, which spans the entire bounding area.)
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Same object and same filter, but with the Image primitive set to an internal element:

(This imageappears to be positioned closer to the top left corner and does not span the bounding box.)
Although there are no other parameters to set in an Image filter primitive, there ARE other attributes to consider.  It is crucial to understand some basics about how an Image primitive works, and specifically how the selected image maps to the image primitive.   Otherwise there will be much frustration in our futures.
For example, you might apply a filter like the above to an object, and instead of seeing your selected image (or part of it), you might see nothing at all; your object might disappear as soon as you apply your filter to it.  This can happen if you have not successfully selected an image for the primitive yet, or if your version of Inkscape is older and the Selected SVG Element button is not functional.  But it can also just mean that your selected image is being mapped in the filter to some area that is not within the visible part of the filter.  If this is the case then you can move your selected SVG element to the correct area of the drawing (is you can figure out where that is…) and the filter result will start showing it.

So.  Where should the image that we want to use in our primitive be located?  Does it matter where our object to filter is located?  What about orientation?  What about shape? Relative size between the object and the element?  Onward, intrepid adventurers…

How an Image Maps to an Image Filter Primitive

Positioning ( Image Element and Source Graphic)
Orientation and Rotation
Size and Shape
Summary
Positioning ( Image Element and Source Graphic)
To begin with, we should note a detail that can be confusing about coordinates.  We are accustomed to origins (0,0) being at the lower left (or perhaps the center) and that X increases as we move to the right, and Y increases as we move upward, toward the top of the drawing.  Even in Inkscape this seems to be the case; the coordinates (in millimeters, pixels, etc.) that are displayed at bottom right as we move our cursor around in Inkscape show this orientation.  But in fact this is not the orientation Inkscape actually uses in its own operations.  

The internal coordinate system for Inkscape aligns with SVG definitions and actually places the origin at the top left corner of the page, and a positive Y value moves downward from there.  This is also why the Offset primitive for instance (or the Displacement Map, etc.) offsets the filter in a downward direction when we increase the Y value.

The Image is mapped starting from this origin point at top left.  The internal coordinate system orientation means that we need to place the SVG object we want to use as an image in the filter at the top left corner of the page.

(To be clear, or perhaps more confusing, the top left corner of the page will identify in Inkscape’s GUI as (0, h) where h is the height of the page in whatever units are set.  But Inkscape itself thinks about that same corner as (0,0).)

Here we have a drawing with an SVG Element we plan to use (a light blue rectangle with a couple other shapes in it) and an object we wish to filter (the triangle in the middle of the page).
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Since we have positioned the group of shapes at the top left corner of the page, it is visible when we apply the filter to the triangle.  The triangle appears to have turned into a square.
And we can see the orientation is the same as the SVG element, and the size is the same, and the shape is the same.
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The filter is not shaped like the triangle object to which we just applied it; it is now a rectangle, a square, like the SVG element.  This is because the bounding box of our triangle is a square that is at least as large as the image element in the top left corner.  So that image is free to fill as much of the bounding box as it can, and all of the image fits within that bounding box, so the full rectangular element is printed (displayed).

Different location for Source Triangle
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How does this image map to the other triangle (the bottom path), which is in a different position on the page and has been rotated 90 degrees?  It looks exactly the same filtered:

So it doesn’t matter where the path object that we are going to filter is located, it just matters where the SVG element is located.

And the filter doesn’t pick up rotation from a rotated path object (unless a filter or transform was applied while the rotation occurred, see the Orientation section below).

As long as the image we want to use is at the top left corner, it should map directly into the filter result visibly and with the same orientation, regardless of where the source graphic object is located.

There are a couple caveats.  The top left corner of the page is set when the SVG is opened.  If we change the page dimensions after opening the document (for example if we change the page orientation from portrait to landscape), the place we need to position our image doesn’t change with it.  

Also, it is possible to have set a “transform” on the layer itself (even without being aware of it), which would then  change where the apparent position of everything on that layer needs to be.  (See the Transforms section below for details.)  But assuming these changes haven’t occurred, the needed position should be at the top left corner. 
Orientation and Rotation

Is it possible to have a different orientation of the filter?  The answer is yes.  The easiest method is to simply apply a filter and then manually rotate the filtered object (while it is filtered).  This will rotate the filter result, and then even if we un-apply the filter and re-apply it later, or even apply a completely different filter, the filter will still show as rotated.  

But now we need to examine the behavior for different types of source object.  Does the rotation of a filter work the same when we apply the filter to a geometric shape that is NOT a path as it does when we apply it to a path?  What if we apply the filter to a group?  Is there a difference between filtering a grouped shape or a grouped path?

To answer these questions, we made a test set of source objects.  Using the various shapes tools, we made geometric shapes; a square, a long rectangle, a circle, a long ellipse, a star and a polygon.   For each shape we made a set of various copies:  
· First shape: plain geometric shape
(Ungrouped shape)

· Second shape: shape has been “grouped”.  (Grouped shape)

· Third shape:  shape has not been grouped, but it has been changed into a path.  (Ungrouped path)
· Final shape: a shape changed into a path and then grouped (Grouped path). 
Then we duplicated each set, and rotated the duplicate set’s objects by 90 degrees each, and then applied the filter to them. (The filter is just applying the gradient seen in the top left corner.)

In each shape group, three of the objects show a rotated filter.  Only one of the objects didn’t show as rotated once the filter was applied, the third object in each group.   (These have been outlined in red.) The third object in each set was the path (ungrouped).
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So.  If the source object is a geometric shape or a grouped shape or even a grouped path, we can rotate (or move or resize) the object even without a filter, and when we then apply a filter it will show the rotation.

If the source object is a path (and not grouped), then if we rotate, resize or move it when there is no filter applied, it will lose any orientation we’ve already set up.

If your source objects are (ungrouped) paths, you’ll want to apply a filter before arranging them into your composite shape, so that the filter is correctly rotated in each case.  Or just group each path first.

If you are interested in how the filter orientation is preserved or lost when the filter isn’t even applied, the XML itself tells us how, and provides a view into a configuration line that can make things really strange in our drawing.
Transforms

We can see how this works in the SVG code for the object.  (You can see the SVG code by opening the XML Editor under the Edit menu, or by opening the whole SVG file in Notepad or a similar program).
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Here is a code block for a triangle path that we plan to filter.

    <path

       style="display:inline;fill:#008000;fill-rule:evenodd;stroke:#000000;stroke-width:0.26458332px;stroke-linecap:butt;stroke-linejoin:miter;stroke-opacity:1"

       d="m 12.028833,84.664262 c 57.947305,57.947308 57.947305,57.947308 57.947305,57.947308 l -56.694395,0 z"

       id="path841"

       inkscape:connector-curvature="0"

       inkscape:label="SrcPath_45-90_bezierLeftNode" />

In the above code, the line that starts with “d=” is a path definition that describes the position and shape of the object.  

If we rotate the path while it is NOT filtered (below), the only thing that changes in the resulting code is this d=  line. This configuration line is explained here.
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Rotated Triangle

    <path

       style="display:inline;fill:#008000;fill-rule:evenodd;stroke:#000000;stroke-width:0.26458332px;stroke-linecap:butt;stroke-linejoin:miter;stroke-opacity:1"

       d="M 12.21592,142.60448 C 70.163228,84.657174 70.163228,84.657174 70.163228,84.657174 v 56.694396 z"

       id="path841"

       inkscape:connector-curvature="0"

       inkscape:label="SrcPath_45-90_bezierLeftNode" />

However, if instead we apply a filter first (any filter!) and then rotate it, we see the d= line has changed in the same way as above, but there is now an extra line of configuration in the code for this triangle.  Now there is a transform line, which specifies a rotation (below).  
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Rotated with Filter Applied

    <path

       style="display:inline;fill:#008000;fill-rule:evenodd;stroke:#000000;stroke-width:0.26458332px;stroke-linecap:butt;stroke-linejoin:miter;stroke-opacity:1;"

       d="M 12.215919,142.60448 C 70.163229,84.657175 70.163229,84.657175 70.163229,84.657175 V 141.35157 Z"

       id="path841"

       inkscape:connector-curvature="0"

       inkscape:label="SrcPath_45-90_bezierLeftNode"

       transform="rotate(90,41.189575,113.63083)" />

This transform line stays there in the triangle’s code even when we remove the filter, so if another filter is applied to this triangle later (or the same filter is), the rotation transform will apply to that filter, and it will still be rotated in the display.

However, if we at some later point move or rotate this triangle path while a filter is NOT applied to it, that will reset everything, the transform line will disappear, and we will lose the rotation we had set.  If we change the object’s position or orientation, we will need to start over on the filter’s orientation.

This is true for ungrouped paths.   

For shapes and groups, a transform is used for all the move or rotate operations, and is therefore available to control the filter orientation even when the object is not filtered.

Layer and Transforms
Another item about transforms; Layers can also be transformed.  If your layer has a transform line configured, then all objects on that layer are not where / how they appear to be, and this can create enormous headaches.  

Here is a section of code showing a layer with a transform, and the beginning of code for a path on the layer.  That transform also means there will be different positional data for all objects contained in/on that layer.  Notice that paths contained in the layer also must have large numbers in their positional line (d=…) to counteract the large numbers in the transform line for the layer.  Headaches lie this way…
  <g

     inkscape:groupmode="layer"

     id="layer5"

     inkscape:label="Gradients and AlphaMaps"

     style="display:inline;opacity:0.83999999"

     transform="translate(1109.4322,448.08941)">

    <path

       style="display:inline;opacity:1;fill:url(#linearGradient1912);fill-opacity:1;stroke:none;stroke-width:0.42333338;stroke-miterlimit:4;stroke-dasharray:none;stroke-opacity:1"

       d="M 317.49957,8.5270323e-4 V 317.50085 H -4.2924355e-4 Z"

etcetera…
Size and Shape

When the bounding box of the object (the “Source Graphic” object to which the filter gets applied) and the bounding box of the image we are using in the primitive are of different size or different shape, the behaviors are quite different depending on whether we are using an external image or an internal SVG element.
In this figure we have two identical triangles (paths), and a group of three shapes at top left that we will use as an internal SVG element for our Image primitive.  We have also saved this group as an external image file.  
To the left triangle we apply a filter that just prints the internal element (from top left) in the drawing.  To the right triangle we apply a filter that prints the saved external image.  (Notice the bounding areas.)

· The internal SVG element prints at the same size as the original image object. 

· The external image prints to fill the entire bounding box (filter region) if possible.  Since the bounding box shape is the same, it can fill the whole filter region.



Not Filtered



Internal Element  vs External Image
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Let’s look at both types of image object in turn.
Internal Element

Below, we can see how size differences work for internal SVG elements. 

· If the SVG element is smaller than the filter region (the object’s bounding box), the filter will not entirely fill the region; it only prints as large as the element itself was.  It starts at the local top left corner of the filter region and fills from there.  (Again, notice where the bounding boxes are.)
· If the element is larger than the object’s bounding box, the filter only fits what it can into the filter region and the rest of the image is cut off.
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In both cases, the image fills the region starting at the top left of the region, which corresponds to the top left corner of the page.
If we move the original element a little to the right and a little downward away from the page corner, we can center the image in the filter region.  If we move it further, we can move it out of the visible filter altogether.  So the position within the filter region depends on how close to the top left corner of the page the element is.
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To mention it, we don’t have to move the element to achieve this; we can also reposition the image primitive within the filter region by using an Offset primitive in the filter chain.

We’ve looked at situations where the bounding box for the SVG element was bigger or smaller than the bounding area for the source object to filter.  However, those bounding boxes were still the same shape even if they weren’t the same size.  What happens when the shapes are different?

To be clear, we are talking about differently shaped bounding boxes, not the objects themselves.

Below are three different shapes, but they all have the same size and shape of bounding box, and so the results of filtering are the same:
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If the bounding boxes are of different shape, the behavior is similar to the cases above where the bounding box for the element was larger or smaller than the filter region.  
· For a bounding box that is skinnier but longer, the resulting filter will be cut off in the direction in which it’s longer than the region of the filter.

· In the direction in which the filter region is longer than the image from the SVG element, the image will completely fit in that direction, and there will be unused blank space beyond that.

· Remember we are talking specifically about Image filters that are set to an internal SVG element.  

But if you are using an external image file in your Image filter primitive, the behavior is quite different.
External Image

Below we have an example set of triangles, in two columns. The top row has angles of 45, 45 and 90 degrees, the middle row 30, 60, and 90 degrees, and the bottom row has triangles with angles of 30, 30 and 120 degrees.  (These are common triangles to use in composite shapes, see episode 3.)  
We can see that the bounding box for the triangle is a different shape than the box for the threeShapes element, it is thinner.  We’ve exported the threeShapes element to a PNG file that we can use as an external image file.  It is the same as the internal element, but now we have both forms of the image to compare behaviors.  

We have applied a filter using the internal element to the triangles in the left columns, and the triangles in the right columns use the external image file.  The behaviors are different.

(At far right, the triangles have all been highlighted with the node tool active, so we can see the outlines of the source triangles, as well as their bounding boxes.)





     Internal
 External
      Internal
 External
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We can see that when the external image file is used by the Image primitive, the full image is displayed, and if it doesn’t all fit in the filter region then it is scaled down until it all fits.
(The internal element in contrast just gets clipped off if it is too big to fit.)

What’s going on here is that the external image uses a different configuration element than the internal SVG object does.  The configuration for the external image is mapped in such a way that the whole image is printed.  If the region that it’s being mapped to is too small in some direction to fit, then the whole image is scaled down until it does fit.  The aspect ratio (height vs width) is preserved as well.

The details here are a can of worms, but here’s a very short summary.

The external image uses the <image> element for mapping, which tries to fill the object’s bounding box, while the internal SVG object uses the <use> element to configure mapping, and the <use> element uses the same coordinates system that the SVG element image was drawn with.  
You can read more about the <image> element here, and about the <use> element here.

The preserveAspectRatio Attribute

If you need to use an external image, and you need it to map differently than the default behavior, you need to know about the preserveAspectRatio attribute of the <image> element (here), which can dramatically alter the behavior of the external image file in the filter.

The preserveAspectRatio takes parameters for “meet” or “slice”, and for where to place the image in the X and Y directions, as well as an option for preserveAspectRatio=”none”. 


Below is a diagram with two rows of triangles, all the same.  

We have applied an External Image to the triangles, with different configuration of preserveAspectRatio.

· The top row shows the default configuration for an external image file, and then some “meet” configurations. 

· Meet preserves the aspect ratio and prints the entire image, scaled down to meet the smaller dimension if necessary.

· The lower row shows some “slices”, and then the “None” value of preserveAspectRatio.  None does not preserve the aspect ratio.
· Slice preserves the aspect ratio by fitting the larger dimension and just clipping away whatever doesn’t fit in the other direction.

· The Min, Mid and Max options for x & Y are about how to place the image in those dimensions.  For x, Min means to the left, and Max means to the right.  For Y, Min means to the top, and Max is at the bottom of the region.

· Notice that since the X direction is too small to fit within, The “meets” all show the same horizontal positioning for xMin, xMid, and xMax.   They all completely fill the X direction.

· And since the Slices completely fill the Y direction, all slices show the same vertical placement for YMin, YMid, and YMax.

· Also notice that in the meets, YMax means further downward, not upward (because of the internal coordinate system).  YMax sets it to the maximum distance possible from the top.

· The preserveAspectRatio line should be added to the feImage block of code (for the Image primitive’s external image)  inside the filter section for the filter in question. 
Making these changes requires altering the SVG XML  directly, since there are not controls for it in the GUI.   The GUI does provide direct access to the XML code via the XML Editor, and it is possible to add a configuration line for an attribute to any valid node.  With the correct node (such as an feImage)  selected, simply type the attribute name into the Attribute Name field (to the left of the “Set” button), and enter the value for it in the field below that.  Then hit “Set”, or Ctrl-Enter.

In most cases it will be easier and simpler to just use an internal element rather than an external image file (unless the default “meet” behavior is what is desired).  But if you find yourself needing to use an external image, then the above notes are the place to start.

Hiding the Element in the Final Drawing 
There is one more thing to note about the SVG element.  Once you have created your filter and applied it as desired, you may well want the original SVG element not to be visible in the final drawing.
But if you make the element invisible, then the filter also can’t see it, and breaks.  There are various ways to deal with this.  You can cover the element with some other object for example.  
The best method in my humble opinion, is to place the SVG element on a different layer.  

You can then make the layer invisible while the element is still “visible” within that invisible layer.  So the object doesn’t show, but the filter can still see and use it.

So.  That was a lot of information about images mapping to filters.  Let’s try to summarize it all.

Summary: How Images map to Image Filters

Positioning
Element Position

If using an internal SVG element that is already present in the SVG for your Image filter primitive, it should be located at the top left corner of the page.

This should be true unless you change the page position, size or orientation after opening the SVG file.

If you do change the page, the element should be positioned where the top left corner of the page originally was in order to be visible in the filter result.
Source Object Position

It doesn’t particularly matter where your objects to filter are located.  The element should map to it, starting with its own top left corner.
Orientation

The initial orientation of a filter will be the same as the image or object that is being used.

Subsequent behaviors can depend on the type of Source object to which the filter is applied. 
For paths (un-grouped):

If you apply a filter to the path and then rotate the path, the filter will rotate.

This rotation is retained even if the filter is un-applied and then reapplied.

This rotation is retained even if the filter is un-applied and a different filter is applied.

If you rotate the path while no filter is applied, that rotation does not apply to any subsequent filtering.

If a path is moved, rotated or resized while no filter is applied, any previously set rotation is lost, reset.
For geometric shapes, grouped shapes and grouped paths:

If you apply a filter to the object and then rotate it, the filter will rotate.

If you rotate the object without a filter applied, that rotation will also apply to subsequent filtering. 

This rotation is retained even if a filter is un-applied and then reapplied.

This rotation is retained even if the filter is un-applied and a different filter is applied.

Relative Size of Bounding Boxes

For Internal SVG Elements
If the internal SVG element BBox is bigger than the filter region, the parts of the element that don’t fit are clipped off.

If the internal SVG element BBox is smaller than the filter region, the element will not completely fill the region.

Setting the filter’s feImage for the internal element to primitiveUnits=”objectBoundingBox” should make it fill the filter region, but that appears to be broken.

For External Image Files

If the external image is bigger than the filter region, it will be scaled down to fit the region.
If the external image is smaller than the filter region, it will be scaled up to fit the region.

To change how the external image is scaled and/or positioned within the filter region, one can use a preserveAspectRatio line in the SVG code for the feImage. 

Differently Shaped Bounding Boxes

If the filter region is shorter, skinnier, etc. than the element’s bounding box, the element will be clipped in any direction where it doesn’t fit into the region.

If the filter region is shorter, skinnier, etc. than the external image, the image will be scaled down (while the aspect ratio is preserved) until it fits completely within the tightest dimension of the region.

Hiding the Internal SVG Element

Making the element invisible breaks the image filter.

A good method of hiding the element is to place it on a different layer, and hide that layer.

Another method is to cover the element with some other object.

