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Optical Processing for

Pattern Properties

An arrangement for measuring the angular content of the wiener
spectrum, applying coherent optics, may be of considerable help
in analyzing imageries for earth sciences.

INTRODUCTION

ARIOUS METHODS oF multidimensional
\ imaging are utilized in different branches
of science to obtain information about phenom-
ena, systems and objects under investiga-
tion. In the earth sciences two-dimensional
imageries are of significance for the study of
patterns and structures of different size, The
problem of extracting useful or significant in-
formation with respect to the problem being

During the last yvears two methods for pro-
cessing  two-dimensional information have
been under development. The first is the use
of large computers having a memory large
enough for handling an appreciable part of an
image. The advantage of this method is its
great flexibility; its  disadvantage is the
sequential mode of operation which often
make the computing time, and therefore the
cost, unacceptable. The second method is the

AnstrAcT: The method of using coherent optics for gemeraling fourier trans-
forms of pictorial information is applied to imageries oblained in earth sciences.
The invariance of different properties of linear structures in a lwo-dimensional
paltern is discussed both mathematically and experimentally. Five samples of
images of inlerest lo earth sciences are investigated by this method. The properties
of the structural information thus obtainable from the patterns are discussed in
some detail. Tt is concluded that this method of image processing may be useful
Sor investigating two-dimensional structures and for measuring their properties,

investigated is thus a problem of processing
the pictorial data.

Although two-dimensional pictorial infor-
mation has been in use for a long time, no
satisfactory method has been available for
extracting and for measuring various prop-
erties of pictorial information. The only meth-
ods available have been manual methods,
which are particularly time-consuming due to
the large amount of data contained in ima-
geries. As our ability to obtain and record
pictorial information increases, so also does
the need for faster methods to process this
information.
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use of coherent optical syvstems (see, for in-
stance, Pincus and Dobrin, 1966 and Dobrin,
1068%). The advantage of this method is the
two-dimensional mode of operation; the com-
puting time is consequently extremely low.
The disadvantage, on the other hand, is the
limitation to particular sets of operation.
The present paper deseribes the application
of coherent optics for studying properties of
two-dimensional  patterns.  Five sample
images, each containing a structural pattern
of some kind, have been investigated by re-
cording the spatial fourier spectrum and by
measuring some properties of this spectrum,

METHOD OF INVESTIGATION

We consider the pictorial information in the
form of a photographic transparency, the
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RECORDER

PHOTOGRAPHIC FILM

. The principle of generating spatial fourier and wiener spectra of a photographic transparency
it optics. The beam is divided into two parts in order to show the two-dimensional recording

of the spectral plane and the angular scanning using a rotating slit.

amplitude transmission coefficient of which is
T4(x, ¥). When this transparency is placed in
a collimated beam of coherent light, the spa-
tial amplitude distribution behind the trans-
parency is given by

iz, v) = EoTalx, 3) (1)

where E, is the (constant) amplitude of the
incident light and x, ¥ are measured in a plane
perpendicular to the direction of the beam.
If now a spherical lens is placed anywhere in
the beam after it passes through the trans-
parency the complex amplitude distribution in
the second focal plane is approximately equal
to the fourier transform of the amplitude dis-
tribution at the first focal plane (sce Figure
1). Mathematically

Lsln, v) = €4 J J dxdy Ty, v)

L 2x
-exp I:— i = (e + _\-1-)]

where %, v are the coordinates of a pointin the
second focal plane and €y is a complex con-
stant (which we shall put equal to unity).
Due to the homogeneity of the beam, the
optical field as expressed by Equation 2 gives
the fourier transform of the pattern of the
transparency Ta(x, ¥). As the fourier trans-
form (or the spatial spectrum, as it also may
be called) is given by a physical quantity
(amplitude distribution), it may be effected
by putting a mask in the focal plane. An ad-
ditional fourier transformtion then produces a
weighted or filtered version of the original

(2)

transparency. This method of spatial filtering
is of considerable interest because it consti-
tutes a convenient way of dealing with and
processing two-dimensional information.

The spatial distribution of the complex
amplitude may also be recorded. The most
direct way of recording is to use a photo-
graphic plate. Due to the properties of the
film as a detector, the intensity distribution

I(u, v) = Calislu, v) - L*(u, v) = ( Fa(u, v) |2 (3)
is recorded on the film. The spectral distribu-
tion I(u v) is often called the wiener spectrum
of the spatial distribution T4(x, v) It is also
possible, using holographic recording methods,
to record the complex distribution 12.(u, v).
We shall, however, only be concerned with the
intensity distribution given by Equation 3.
The difference between the wiener spectrum
(Equation 3) and the corresponding complex
amplitude spectrum (Equation 2) is that all
phase information has been cancelled. Due to
the reciprocity of the fourier transform, the
amplitude distribution Ty(x, y) may be re-
covered through a knowledge of Fa(u, v) (this
is in fact done in any coherent imaging sys-
tem). As there is an infinite number of com-
plex amplitude distributions having the same
wiener spectrum, the latter cannot be used to
recover the original amplitude pattern 74 (x,
v). The wiener spectrum nevertheless con-
tains important information about the pat-
tern T4(x, ¥), as we shall now discuss.
Consider a train of equispaced slits in the
xy-plane. The number of slits is m and the
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length, thickness and amplitude are L, A and
:-lg respectively (see Figure 2). The correspond-
ing fourier transform is then

. ) . 2 L
Falu,v) = CiApLA sinc ( e e )
NS

. 2r A
sine — n) (4)
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where x, is the distance between the slits and
where
sin e

sine () = . (3)
o

Because
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the corresponding wiener spectrum is
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If we consider only the spectral values of the
main lobe (i.e., disregarding sinc [(27/ANF)
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Twao distributions of elongated patterns and corresponding wiener spectra.

(B/2)u] for uw>NF/8, the wiener spectrum
consists of a series of dots as depicted in Fig
ure 2. These dots are situated on a straight-
line perpendicular to the elongation in the
xy-plane (provivded that the c-axis and the
w-axis are oriented parallel to each other).
A non-regular distribution of linear slits
may be analyzed by assuming that the posi-
tion of the sllta along the x-axis is randomly
distributed. The signal along the x-axis can

now be written
Tilx, 0) = Ay Z hlx — )

where h(x) is the shape of the amplitude trans-
mission. For x; randomly distributed with
uniform density the probability of the num-
ber of slits in a given interval is Poisson-dis-
tributed. The properties of this process have
been examined in considerable detail. The
wiener spectrum can be written (see, for in-
stance, Papoulis, 1965), as,

Su) @

where A is the density of the slit number (for
the previous case A=1/x,). This spectrum,
which also is shown in Figure 2, is a continuous
random distribution of lines in the original
image.

If the spectral distribution is observed
through a narrow slit and the transmitted
light intensity is integrated along the elonga-
tion of the slit, the resulting angular distribu-
tion function F(#) gives information about the

I(1,0) = const (AgLAm)%xA sinc® (
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Fri. 3. Two samples of regular A and irregular B distribution of straight lines with corresponding
spectra Cand 2. In E and F are _.-.hm\ 1 the corresponding angular intensity distributions. The curves

and I shows the effect of decre:
creasing the number of the inclined lines to hall H.

occurrence of line structure in the spectrum
and hence about corresponding line structure
in the original image.

An arrangement for making such observa-
tions is also shown in Figure 1. The beam
emerging from the transforming lens 1s split
into two parts. One part is used for photo-
graphic recording of the wiener spectrum, the
second is used for generating the angular dis-
tribution by rotating a disc which contains
two slits. The light coming through the slits is
integrated by a photomultiplier and recorded
on a xy-recorder, the other axis of which re-
cords the angular displacement. The use of
two slits blocks the low [requency components
of the spectrum.

By integrating Ilquation 8 we obtain

Fp) = I I, Oy = const (AploamA)eod

)

R 2r A ;
. ‘ sine® ( -~ — n) = const (AyLw)*A.
Ju A2

The angular distribution, therefore, depends
on the total area of the slits (L-A-m) and the
contrast of the shit /..

In Figure 3 are shown two distributions of
straight lines. One of the distributions is regu-
lar in position -1, the other is irregular B. The

ing the length of the vertical lines to half their original value ¢ and de-

angular distributions and the properties of the
lines (length, thickness) are the same. In C
and ) are shown the wiener spectra corres-
ponding to the distributions of .1 and B. The
spectrum corresponding to A (C) is seen to be
discontinuous, a series of sinc*-functions,
while the spectrum corresponding to B(/))
has a conlinuous distribution of intensity. In
I and Fare shown the angular distribution of
intensity of the spectra corresponding to /I
and B obtained hy the observation method
described earlier. The angular distributions
are seen to be the same as they should be ac
cording to theory, In ( and H are seen, re
spectively, the effect of decreasing the length
of the vertical lines of A and decreasing the
number of the inclined lines.

APPLICATION TO IMAGERY

To understand the dynamics of processes
which formed the ground surface and to judge
the characteristics of the material, the estab-
lishment of linear patterns and preferred
orientation of elements—Dboth on a large scale
and in microscopic state—is an important
task in many earth science disciplines. Struc-
tural geology comes first to mind, because
linear features and their orientation are an
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16, 4. Sample of tetrogonal pattern (lop), cor-

responding wiener spectrum (center) and angular
distribution (betton).

essential parameter for the analysis of tec-
tonic movements and deformations. Direct-
tional analysis enters as a rule also into studies
of loose deposits, their morphology and mor-
phogenesis, both concerning the topographical
configuration and the forming particles. Dil-
ferences in the dynamic properties of the
eroding or accumulating processes which have
formed the deposits are often reflected in
rectional variations of the components.
Linear patterns are sometimes distinct and

of only one direction, but nature is often more
complicated. Deviating directions may ap-
pear in a dominant pattern. This may be due
to the qualities of the material, but also to
changes in the initial direction of active pro-
CESSES.

Directional changes often reflect age dif-
ferences of processes. The deviation may be
o great or the frequency of newly added di-
rections so intense that the primary directions
are difficult to conceive intuitively. In order
to find the dynamic system, or at least to ob-

[}

F1G. 5. Another sample of tetrogonal pattern
(top), corresponding wiener spectrum (center) and
angular distribution (bottom).
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tain a diversity of conceptions of the active
processes, it is necessary to register the di-
rections which occur.

As a rule the determination of direction is
performed in nature or in images, whercupon
the data are statistically processed or the re-
sults are graphically illustrated, for example
in rose diagrams. The frequency distribution is
used as a basis for the analysis of the mor-
phogenetic importance of the directional ele-
ment.

As all the lines or directions cennol always
be measured, and because the sample may be
open to subjective criticism, at the same
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Fig. 7. Sample of linear structure in limestone

(top) with corresponding spectral distributions
(center and botton:).

time as errors of measurement may arise,
every method which automatically classifies
and graphically illustrates directional sys-
tems is a step towards an objective analysis of
directional elements.

The following examples are shown to show
how the method of optical processing operates
on images of natural features and to demon-
strate the mode of interpreting the spectral

g ?*, — 48 and angular distribution records.

a : 5 . . . TETRAGON-PATTERNEL LOCK FIELD
FiG., 6. Sample image of fluted moraine (top) 2 SEEATLSENED BLOSR-FHELE

with spectral distributions (center and hotlom). The spectral feature of this image consists
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i 8 Another sample of linear structure of
limestone,

ol a noisy low-frequency spectrum in addition
to two linear structures which are almost per-
pendicular to each other (Figure 4, top and
center). The angular distribution (Figure 4,
bot.) shows that the horizontal line structure
of the image is moreintense thanis the vertical
structure. The direction of the linear structure
is not very well defined. The other sample of
this same structural pattern (Figure 5, top)
has a more distinet linear pattern in the spec
tral distribution (Figure 5, center) which is
also evident from the angular distribution
(Figure 5, bottom).

e

1. 9. Sample of striated rock surface (micro-
photography) (tep) with corresponding spectral dis-
tributions (center and bottom).

FLUTED MORAINE

The structural pattern of this
(Figure 6, top) consists of an irregular fluvial
pattern in addition to a regular horizontal line
structure. The former broad-
band low-frequency spectral pattern (Figure
6, center), vertically elongated, and the latter
a line structure, also vertical. This is very
clearly seen in the angular distribution (Fig-
ure 6, bottom) where the broad-band struc-
ture causes a sinusoidal variation. Superim-

sample

generates a

posed upon this we see the line structure.
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i, 10, Tmage showing ocean waves (lop) with
corresponding  spectral distributions  (center and
hatlont).

FrACTURES

The first image sample of this structure
(Figure 7, top) incorporates a multitude of
linear features; the spectral record (Figure 7,
center) shows a predominance of two perpen-
dicular patterns. The angular distribution
(Figure 7, bot.) is quite interesting as it shows
one predominant feature and a number of
smaller features (four or five). The second
sample (Figure 8, top) lines with
greater constrast and smaller thickness. The
corresponding wiener spectrum (Figure 8,

shows
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center) is therefore more intense, having two
dominant features and a third, less intense.
This is also clearly seen in the angular distri-
bution (Figure 8, bottom).

GLACIAL STRIATION ON A LIMESTONE SURFACE
The microphotographic image (Figure 9,
top) shows linear features in addition to a
speckled pattern. The latter generates a sym-
metrical low-frequency pattern (Figure 9,
center). A strong line component can be seen.
The angular distribution also shows other
components of smaller intensity.

OCEAN WAVES

Figure 10 shows a sample of ocean waves.
The wiener spectrum (center) shows an in-
teresting structure. The low-frequency wave
has a well-defined direction. The periodicity
of the wave is not so well defined; the spec-
trum is therefore continuous.

The high-frequency wave, on the other
hand, has a well defined periodicity whereas
the direction varies within a rane of approxi-
mately 60° Due to the great variation with
respect to spatial frequency, the angular dis-
tribution (Figure 10) is not so easily inter
preted. The pattern shows the existence of fine
structure.

CoNcLunING REMARKS

In a surface such as the ground surface with
an abundance of information, directional
lines may escape detection from a point of
observation on the ground. An aerial photo-
graph gives a better view, and there are many
examples of the discovery of patterns or ob-
jects with the aid of aerial photographs. Lven
in aerial photographs, however, due to the
quantity of information, patterns may be
overlooked in ocular inspection. Besides, the
conception of an image is different for dil-
ferent people. Optical processing can help in
detecting such patterns and in stating their
properties. The examples of pictorial informa-
tion of various kinds treated above show that
the relatively simple arrangement of measur-
ing the angular content of the wiener spec-
trum may be of considerable help for analyzing
imageries obtained in earth sciences,
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