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Abstract. The performance of map matching naviga-
tion systems employing reference maps obtained
from aerial reconnaissance imagery is the motivation
for this paper. In particular we look at the problem
of selecting scene locations that contain stable fea-
tures. Since cultural features are often very stable,
the cultural content of an image is useful information
for the scene analyst. A fractal-based technique is
demonstrated which may be used to extract the cul-
tural content of a candidate reference map scene.

1. INTRODUCTION

One of the concems in using map matching navigation
systems is the problem of the delay between when the
navigation map is created and when it is used. During
this time period the scene features may change, i.e., the
features may be unstable.

In choosing reference map locations, the scene analyst
must be very selective in choosing scenes that have a
relatively high content of stable scene features. There are
several general guidelines that may be used. For exam-
ple, seasonal variations can cause foliage features to
change due to changes in chlorophyll content and leaf
loss, while diurnal variations can produce shadow insta-
bilities. Therefore, one usually tries to avoid using
scenes that have a high proportion of deciduous trees or
a high concentration of tall shadow casting objects.
These are but a few of a number of guidelines that are
used.

In general, however, there is no single analysis tool avail-
able to the scene analyst for extracting the stable feature
content from a candidate reference image. He must rely
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on experience and a collection of heuristics that guide
him in selecting scenes that work well as reference maps.
In this paper we will take a small step in that direction by
proposing an analysis tool that can be used to measure-
the cultural feature content of a scene. Since many cul-
tural features features, e. g. roads, buildings, etc,, in
scenes are stable, the goal is to extract these types of
tfeatures and give this information to the scene analyst to
use as a partial indicator of stable feature content ina
candidate reference map scene.

The technique is based on the fact that natural scene fea-
tures have been shown to fit fractal models, at least over
a limited range of scales, while cultural features do not
generally fit a fractal model, except in the limiting case of
a perfectly smooth cultural scene feature having a con-
stant gray level over the area of interest. We will look at
a potential method for determining the fracta/ness of
scene features and demonstrate its efficacy on two sam-
ple urban images obtained in April and in October.

2. FRACTIONAL BROWNIAN MOTION

A very useful model for random fractals found in natural
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scenes is the fractional Brownian motion model of Man-
delbrot [1]. Fractional Brownian motion is characterized
spatially by the the nonlinear scaling property known as
self-affinity. Mathematically it can be stated as

[AViax| = K |Aax]? (1)

where AV is the variation in intensity of two image pixels,
Ax is the distance between the pixels and K is a propor-

tionality constant. H is known as the Hausdorff dimension
and is related to the fractal dimension D by

D=G+1-H )
0<H<1

where G is the topological dimension. G is 2 for images.

3. ESTIMATING THE FRACTALNESS OF
SCENE FEATURES USING THE
NONLINEAR SCALING PROPERTY

Equation (1) provides a convenient way to estimate the
fractainess of a scene feature. If H is estimated and
found to be constant over a range of Ax then we can infer
that the feature being considered is fractal in nature, with
a fractal dimension of 3 - H. H can be estimated locally
in a candidate reference scene over a range of displace-
ments by using

log(E{|AV|ax||]) = log(K) + Hlog(]Ax]) (3)

in a small window centered at the pixel of interest, where
E[ ] denotes statistical expectation. The window should
be large enough to contain a good sampling of the range
of pixel displacements. Linear regression analysis may
be applied to (3) to determine the values H and K that
provide the best fit to the estimated data. The estimated
variation |AV] may be computed using (1)

as

AV A = K |AX{F (4)

Furthermore, the RMS error between the estimated varia-
tion in intensity | AV| and the individual values of E[| AV|]
measured at various fixed displacements within the win-
dow provides one with a metric for judging the fractalness
of the data in the window. A good fit over a sufficiently
wide range of displacements Ax will produce a small

RMS fractal error, which indicates the portion of the scene
feature in the window is highly fractal in nature ( in this
study we used a range of five different displacements in a
5x5 window). Conversely, if the RMS error is large, a
non-fractal feature is implied. Previous work by Stein [2]
also supports this conclusion.,

4. AN EXAMPLE

The following example is given to demonstrate the utility
of the previousiy described method for measuring the
fractalness of features in aerial images. Two images of
an urban scene were tested. The scenes contain predom-
inantly cultural features, but there are some natural fea-
tures also included in the scenes in the form of deciduous
trees. The two 243x216 spatial resolution scenes were
obtained at different times of the year in 1988. Figure 1
illustrates the urban scene in April 1988 and again in Oc-
tober 1988. Note the changes in the deciduous trees and
the related shadows. Figure 2 illustrates the RMS fractal
error metric obtained by attempting to fit a fractal dimen-
sion to 5x5 windows in the two scenes using the tech-
nique described in Section 3. The lighter gray levels cor-
respond to image features that do not fit a fractal model!
well, while the darker areas correspond to low RMS frac-
tal error, and conseguently a good fit to the fractal model
over the range of spatial differences contained in the 5x5
window.

This example illustrates another interesting point concern-
ing fractal models of natural scenes. The two images in
Figure 1 are digitized in the range 0 to 255, and one can
clearly see the differences in the images induced by the
illumination of the scene. The October scene has a much
higher average gray level and variance than the April
scene (mean 97 and variance 1348 for October versus
mean 54 and variance 815 for April). These differences
are principally due to the difference in illumination condi-
tions on the days when the two images were obtained. if
we compare the fractal error images, which are also
scaled in the range of 0 to 255, we find that not only are
the stable features enhanced, but the statistics for the
two scenes are more consistent. Specifically, in Figure 2
the mean is 31 and the variance is 487 for October, ver-
sus a mean of 24 and variance 448 for the April scene.
The consistency in contrast between the two fractat error
images results because we are comparing textures of the



two images, and texture is relatively independent of illu-
mination.

5. CONCLUDING REMARKS

In this paper we have considered a fractional Brownian
motion model that is commonly used to model natural
image features, and we have used it to examine scene
features occurring in aerial reconnaissance imagery. Al-
though this work is very preliminary, it shows some prom-
ise in providing a technique for discriminating between
natural scene features and cultural features.

Natural features tend to be fractal-like, while man-made
features tend to have a lower degree of fractalness. Fur-
thermore, cultural features tend to be more stable than
natural features in the context of the map matching navi-
gation problem. This is quite evident in comparing the
fractal error images from April and October in Figure 2.
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The gray level images from the two scenes appear to
vary significantly due to the changes of the deciduous
trees. However, since the fractal error image ignores nat-
ural features we enhance only the more stable cuitural
areas of the scene. Thus, the method described in this
paper may provide the scene analyst with another tool for
determining the suitability of candidate scenes for prepar-
ing reference maps.
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Figure 1. April (left) and October (right) urban scenes
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Figure 2. RMS fractal error for scenes in Figure



