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Intro:dubt.:i()i_rll and Motlvatlon N

Affine transformations describe the rotation, translation, scaling, and shear-
ing of one object relative to another, The transformation

i

= ar-+by+m
y' = cz+dy+n

maps R? onto itself one-to-one if ad — be # 0 and is formally called an affine
transformation [2]. Thus, three pairs of non-collinear points in the plane

~determine an-affine transformtion. Frequently, in computer graphics and " " °

of two objects represented by two point sets in R2. However, often, objects
in the real world also undergo perspective transformations, which are not
affine (e.g., parallelism of lines are not preserved under the transformatmn)
Thus, an exact afﬁne transforma.tlon may not exist.

We propose the constructmn of a fuzzy set of affine transformations in those
situations where an exact affine transformation does not exist from a point
set F] to a point set Ps. The affine transformatlon with the highest member-
ship value is deémed the best as definéd: by our membership function. Our
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computer vision, one is interestedim determining-theaffne transfornetiom———— - -




derivation improves upon the function proposed in [7) for performing polyg-
onal warping in that we don't rely on external parameterization or angle
computations which aren’t preserved by affine transformations. We apply
our fuzzy set affine transformation framework to model-based matching in
object recognition. -

Derivation of Fuzzy Membership Function in Polyg-
onal Warping

The fuzzy-based polygonal warping method proposed in [7] is based on inter-
polating transformation matrices [5]. A membership function for a fuzzy set
of possible affine transformations from one point set to another was derived
depending upon six explicit parameters [7]. It also required inverse cosine
computations for a triangle determined by three non-collinear vertices in

a point set. - We derive a new members}up function which addresses these
issues [6] igiven by -

i . s . : ° R ' A . }
_ -:.-!.-smootha(v,, ,vz) = A* (1 — 180") *T : (1)

where v} € Py corresponds to 032- € P, (here the correspondence is either
computed, as in polygonal warping, or is hypothesized, as in object recog-
nition),
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determines the degree of equahty of the areas of the two triangles determined
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and R is tne minimum angle of rotation from triangle (v vl U] +1) to trian-
gle (fu +1) as defined by the polar decomposition technique proposed
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Figure 1: Example triangle pair from two point sets to determine a fuzey
set of affine transformations.

in [5], Figure 1 is an example of a pair of triangles under consideration. In
addition to -being self-contained (i.e., not arbitrarily parameterized), our
membership finction does not require the computation of inverse cosines
for angle computation. Preliminary results concur with the theoretical con-
clusion that our membership function is computationally faster.

Application of Fuzzy Affine Fransformations in Model-
based Object Recognition

A central problem in computer vision is the identification of objects in an
unknown scene. A common approach is the model-based approach ([1LIBD
where extracted image features are compared with geometric models of ob-

jects. The explicit search for a transformation from the geometric model

frame to all or part of some image feature set is called matching, and it is a
common approach to model-based recognition ([1}).

Images are 2D projections of a world in 13, and thus, object features experi-
ence perspective projection, a transformation that does not preserve parallel
lines, and hence is not affine. Thus, a point set of image features may not
have a unique affine transformation to a point set describing a geometric
model to which it is compared. We apply our fuzzy set based approach to
affine transformations to determine the best affine transformation from one
point set to another. This step is useful if the geometric model database to
be searched is large compared to the time constraint given for the recognition
process. Models which are not sufficiently represented in the fuzzy set can




be discarded. The affine transformation fuzzy set is also useful if a “good
enough” affine transformation is found without having to employ methods
for dealing with other transformations. Thus, our method is well-suited in
real-time or near real-time vision applications such as active vision.

Preliminary results with primitive object databases and synthetic image
features show this approach is promising. A larger model database to use
for real imagery is currently being constructed.
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