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Pseudostereoscopy with

Radar Imagery

A pseudo effect, although limited, can be observed using like- and
cross-polarized images taken simultaneously of the same terrain.

INTRODUCTION

HE IMAGERY on which this study is based

was taken by a Westinghouse AN/APQ
97 system over various parts of the United
States. The transmitted pulses were horizon-
tally polarized, and the horizontally and ver-
tically polarized return signals were recorded
as separate strip images on 9-inch roll film.
As the angle of incidence for both images
is the same, it would not be expected that
any stereoscopic effect would be experienced,

attainable. There is no difficulty in distin-
guishing areas of positive and negative re-
lief—on the imagery of Twin Buttes, Arizona,
the mine open pits can be seen as well as the
dumps, and in general hills and river valleys
appear in their true topographic relation-
ships.

The writer found that pseudoscopic inver-
sion could occur rather easily, but this may
be a personal foible.

It was also noted that the range-marks on

ABsTRACT: A pseudostereoscopic model can be obtained by viewing
like- and cross-polarized radar imagery strips together under a stereo-
scope. A similar effect obtainable from pictures of models with differ-
ing angles of illumination suggests that variation in shadow size may
be a significant factor, and it is shown that there is some theoretical
backing for this hypothesis. The phenomenon described makes in-
terpretation of such radar imagery much easier and more reliable,
and also makes for easier comparison of like- and cross-polarized im-

agery.

but if the two images are separated and ex-
amined under a stereoscope, a model showing
a limited amount of relief can be obtained.
The same effect can be obtained by the
unaided eyes if the uncut strips are viewed
first from a distance of about 1 m to obtain
fusion, and then brought nearer until the
personal limit of divergence of the eye axes is
reached.

The limited nature of the stereoscopy ob-
tained can be seen by comparing radar and
photographic images of the same area: for
example, examination of Meteor Crater,
Arizona, shows that although the height of
the crater rim is comparable in both situa-
tions (allowing for differences in scale), the
depth of the crater appears very much less
on the radar image. Presumably this is due
in part to the absence of factors which con-
tribute to vertical exaggeration in air photos,
but it does seem that, in addition, there is a
basic limitation to the degree of stereoscopy

the radar images consistentlyv appeared to
float above the terrain, on about the same
level, and the reasons for this are discussed
below.

CAUSES OF THE STEREOscoric EFFECT

The two images are produced from the
same point in space and, therefore, a true
stereoscopic model cannot be created because
this requires two slightly differing views of
all points in the terrain. The effect must be
described, therefore, as pseudostereoscopic.
This phenomenon is well-known in the field
of optics, and is due to what Valyus! calls
the secondary factors in stereovision. These
are factors which. without actually creating a
stereomodel, provide the eye with visual clues
which may be interpreted by the brain in
terms of depth.

The main factors that vield an impression
of depth are:

® Apparent size of objects.
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® Linear perspective (convergence towards a

vanishing point),

® Aerial perspective (decreasing contrast with

distance due to atmospheric haze).

e Visible content of space between objects.

® Obstruction of some objects by others.

e Differences in apparent displacement of ob-

jects associated with head movements.

® Color contrast,

® Brightness of illumination.

® Distribution of light and shade on surfaces.

Of these, the only one possibly applicable
in this case is the last, and it is known that
tonal differences between like- and cross-
polarized images do occur (e.g., Gillerman2).
The pseudostereoscopic effect can be pro-
duced if there are small differences between
the images received by the eyes, and Valyus
(op. cit. p. 80) describes several optical de-
vises used to produce such effects. One is
the Verant lens device in which both eyes
view a picture through a single lens, and the
slight distortion is different for each eve,
producing a small relief effect. He also states
that the same effect can be produced by
viewing two copies of the same print under
a stereoscope, but the writer was unable to
confirm this even when using photos of high
relief areas with strong shadows.

Another method of producing a pseudo-
stereoscopic effect is to view photographs of
the same area illuminated at different angles.
Natural terrain examples of this are rare, but
Hackman ? investigating the effect of chang-
ing angles of illumination for geological in-
terpretation, published a series of photo-
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Fic. 1. Radar unagéry of Twin Bﬁttes; Arizona: cross-polarized i 6 the left.

graphs of a relief model with illumination at
incidental angles varying from 20° to 90°.
Stereoscopic fusion of any two of these pho-
tographs (with the exception of the 90°
one) whose angles of illumination differ by
10°, produces a well-marked pseudostereo-
scopic effect, which is presumably due to
the differences in shadow length., These dif-
ferences substitute for differences in camera
position in providing the brain with clues
through which a three-dimensional model can
be created. If, therefore, the differences be-
tween like- and cross-polarized radar images
include a factor by which differences in
shadow length are produced, this could be a
contributory factor towards creating a pseudo-
stereoscopic effect. That such might be the
case is suggested by a prediction of Fung’s
theory! that as a grazing angle of incidence
is approached in the incident plane, while at
the same time the slope normal to the plane
of incidence increases markedly, the cross-
polarized reflection increases rapidly while
the like-polarized return remains constant or
diminishes. Conversely, major slope changes
in the incident plane, without a change in the
slope at right angles, produce changes in the
like-polarized return greater than those in the
cross-polarized return.

Such changes in return signal will naturally
produce density (i.e., tonal) changes in the
photographic image, and one effect of this
could be to produce differences in the area
and near-edge definition of shadows between
like- and cross-polarized images, particularly
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on rounded hill-tops. Such differences do
seem to occur, but are very small, and their
contribution to the pseudostereoscopic effect
is difficult to assess.

Apart from this edge-effect, though, the
tonal differences on slopes are sometimes
quite marked, for example on slopes facing
the line of Hight, when the diminished return
from the cross-polarized component fre-
quently shows detail, compared to the burnt
out highlights on the like-polarized com-
ponent due to the very strong return. This
contributes substantially to producing the dif-
ferences between the images which could
cause the pseudostereoscopic effect,

An effort was made to duplicate the
pseudostereoscopic effect using air photos.
Using a single negative, there are two ways
of varving the final prints, first by varying
the exposure, and second by varying the
contrast of the printing paper.

A series of prints were made from a single
air photo negative, using paper of varving
hardness and varying the exposure times.
The resulting prints showed considerable
variation in the amount of detail recorded in
the shadows and highlights, but even com-
bining the most widely differing prints under
the stereoscope produced no impression of
relief. It is concluded, therefore, that differ-
ences in the degree of detail, or tonal values,
do not in themselves produce a pseudostereo-
scopic effect.
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Examination of the range marks on the
imagery showed that two factors are probably
responsible for their apparent floating above
the terrain. First, each mark consists of a
light bar with a dark band (or shadew) on
its far-range side. The shadows are stronger
and wider on the cross-polarized image than
on the like-polarized one, and this gives a
situation similar to that in Hackman’s terrain
shadow photographs. Probably more signifi-
cant than this, though, is the fact that the
two sets of range marks are displaced slightly
with respect to the photographic detail, ie.,
parallax is present which is interpreted by
the brain as a height difference.

CONCLUSIONS

* A pseudostereoscopic effect can be observed
using like- and cross-polarized images taken
simultaneously of the same terrain.

* The stereoscopic effect is limited, and large
height differences are greatly reduced.

+ Similar effects can be produced by using
pairs of photographs in which the angles of
illumination differ.

+* The cause of the pseudostereoscopic effect
probably lies in small differences (other
than angle of view ) between the two images,
and these may be produced by (i) differ-
ences in the shadow outlines and areas due
to predicted differences in like- and cross-
polarized returns where slope changes occur.
These differences appear very small, and
(ii) tonal differences between the two im-
ages due to inherent differences in return
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Fic. 2. Radar imagery of Mono Craters, California: eross-polarized image on the left.
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signals in certain circumstances. It seems
unlikely that this effect alone can produce
a pseudostereoscopic effect.

* Most interpreters will probably find the
imagery easier to work with under a stereo-
scope, since binocular vision is fully utilized,
and the interpretations will be more ac-
curate and more complete since a significant
amount of three-dimensional information is
added.

* The differences between like- and cross-
polarized images can be more easily found
by using a stereoscope and rapidly blinking
alternate eyes. Areas of difference then ap-
pear and disappear, whereas areas of no
change remain constant,

ACKNOWLEDGEMENTS

The stereoscopic effect was first brought
to my attention by Mr. R. Ruger, consulting
photogeologist. The radar imagery was kindly

PHOTOGRAMMETRIC ENGINEERING, 1973

supplied by the National Aeronautics and
Space Administration, Houston, Texas. The
photographic prints were made by J. Wil-
liams under the supervision of Dr. A. O.
Fuller.

REFERENCES

1. Ellermeier, R. D., Fung, A. K. and D. S.
Simonett, 1966. “Some empirical and theo-
retical interpretations of multiple polarization
radar data.” Proc. 4th Symp. Rem. Sens. Env.,
Ann Arbor, Mich. p. 657-670.

2. Gillerman, E., 1967. Investigation of cross-
polarized radar on volcanic rocks. CRES
Rept. No. 61-25, Univ. of Kansas.

3. Hackman, R. J., 1967, Time, shadows, terrain
and photo-interpretation. U.S. Geol. Surv.
Prof. Paper 575-B.

4. Valyus, N. A, 1966. Stereoscopy. The Focal
Press, London.

The American Society of Photogrammetry

publishes two Manuals which are pertinent to its discipline:

Manual of Photogrammetry (Third Edition)
1220 pages in 2 volumes, 878 illustrations,
8o authors. (Sold only in sets of 2 volumes)

Manual of Color Aerial Photography
550 pages, 5o full-color aerial photographs, 16 pages

of Munsell standard color chips, 40 authors

Send orders, or requests for further information to
ASP, 105 N. Virginia Ave., Falls Church, Va. 22046

Price to Price to
Members Nonmembers

$19.00 $22.50

$21.00 $24.50




