
Compound Transformations in Java2d

a. Compound Transformations

It is convenient to think of the geometric manipulations
used to position objects in terms of compound
transformations. For example, consider the rectangle
shown in Figure 1. It is convenient to think of the black
rectangle as a translated and rotated copy of the grey
rectangle positioned at the origin. But, what translation,
and what rotation, and in which order?

Figure 1.

One solution is first to rotate the grey rectangle by ,
which is counter-clockwise by 30° in the illustrated case.

This involves applying the transformation to the
vertices of the rectangle. In terms of matrices this means
that we left-multiply the vertices of the rectangle by the
matrix of the transformation,

.

Then the rectangle is translated into position along the
vector by left-multiplying the rotated vertices by the
translation matrix that moves the upper left corner to the
correct position,

.

Suppose we had chosen to do the transformation in the
opposite order. Then we would have first translated the
grey rectangle by ,

.

Then we would need to rotate the rectangle, not about the
origin, but about , the position of its upper left corner.
To do so we translate the upper left corner to the origin
using , rotate at the origin using , and

translate back to  using . The result is

.

b. Compound Objects

Now, suppose we are interested in creating the compound
object shown in Figure 2. The first part of the object is the
striped rectangle, the parent; the child is the black rotated
rectangle.

Figure 2.

Both rectangles are created from the grey rectangle at
the origin. The striped one is

,

the black one is

.

Now, let us create the parent first. We can regard it as the
original rectangle to which the transformation has
been applied. The child is the same rectangle to which the
compound transformation has been applied.
Note the general rule: the transformation of the child is the
transformation of the parent right-multiplied by the
additional transformation of the child, expressed in the

parent’s coordinate system.

c. Painting a Compound Object

When we want to paint the compound object shown in
Figure 2 we first paint the parent, which is done by
painting the original rectangle subjected to the
transformation . We then paint the child, which has

been subjected to the additional transformation .
This is most easily done recursively by setting the
transformation to the parents transformation, then
painting the parent. Within the parent’s paint routine the
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same paint routine is called recursively on each of the
parent’s children in turn. In each child is stored the child’s
transformation relative to the parent which is added to the
parent’s transformation on the recursive call. It’s easy to see
that grandchildren, great-grandchildren and so on are
painted properly transformed as the recursion continues
down the tree.

d. Painting in Java2d

The given code has a Java2d implementation of recursive
painting in the paint method of the MyRectangle class.
Remember that Java2d stores the transformation in the
Graphics2D object which is used for painting. (This is
what we have called the graphics context in the lectures.)
Here’s the way that it’s done.
1. Put the unit affine transformation into the current

graphics, g.
g.setTransform(new AffineTransform());

(If, as in the given code, the entire object is subject to a
transform you would put it here.)

2. Then paint the root.
root.paint(g);

3. In the recursive paint method, save the current
transform,
saveAt = g.getTransform();

4. Apply the transform of the caller, which is in this case
the root,
g.transform(myTransform);

Note that the matrix of the relative transformation,
myTransform ,  of the component being painted
right-multiplies the existing transformation in the
graphics context.

5. Paint the caller, using the transformation in the
graphics context,
g.fillRectangle(...);

6. Recursively call the paint  method of each of the
children.
it.next().paint(g);

This does a depth-first walk of the parent-child tree.
7. When the recursion is completely unwound put back

the saved transformation to that the next object on the
display list will not get a surprise.
g.setTransform(saveAT);

e. Selecting Part of a Compound
Object

In class you were given the following general rule for inside
testing.

If you want to test whether or not the point  is
inside a transformed object, apply the inverse to the
object’s transform to the point, then test whether or
not the inverse-transformed point is inside the
untransformed object.

We remember that the inverse transformation of a product
of matrices is the product of the inverses in the opposite
order:

.

Then it’s easy to write a recursive inside testing procedure
that works on a compound object.

Here is a sketch of how it would be written.
1. Initialize with the unit transformation, the start the

recursion.
2. Left-multiply the current transformation by the

inverse transformation of the parent.
3. Transform the point by the current transformation

and test to see if the point is inside the untransformed
parent.

4. For each child in turn recursively call the inside test,
accumulating successful tests.

5. When the recursion has been completely unwound
all parts of the compound object containing the point
have been accumulated.
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