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Figure 1. An example of skeletonization. (a) Covering a rectangle with circles. (b)
Skeleton (thick lines).

contains grains that are magnifications of the primitive. This indicates that
the primitive is described by the optimal structuring element minimizing the
total number of pixels within the skeleton. We employ simulated annealing for
this optimization. This primitive description method has an advantage that no
assumption on the sizing distribution of grains in the texture is required.

2. Method
This method obtains the primitive as the optimal structuring element when
the total number of pixels in the skeleton is minimized. We explain the formal
definition of the skeleton and the whole optimization procedure by simulated
annealing in the following.

2.1 Skeletonization

We employ the most common morphological skeleton in this method. Let X
be a binary image set, and B be a structuring element. The skeleton SK(X)
is defined as follows:

SK(X,B) =
∞⋃

n=0

SKn(X,B), (1)

SKn(X,B) = (X � nB̌)− (X � nB̌)B , (2)

where � denotes the Minkowski set subtraction, B̌ denotes the symmetrical
set of B with respect to the origin of B, and nB is the n−times homothetic
magnification of B, defined as follows:

nB = B⊕B⊕. . .⊕B ((n − 1)− times of ⊕), (3)

0B = {0}. (4)

XB denotes the opening of X by B, defined as follows:

XB = (X � B̌)⊕ B, (5)

where ⊕ denotes the Minkowski set addition.
The grayscale image composed by assigning pixel value n to the pixels in

SKn(X,B) is referred as the medial axis transform. The original binary image


