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ABSTRACT: Opposite-side radar image pairs have been considered unsuitable for stereo view­
ing. lllimunation differences of the two images of an overlapping pair prevented one fr?m
fusing a three-dimensional model. This paper reports on a procedure to process the dIgital
data in such a way that opposite-side radar image pairs can be viewed stereoscopically. This
permits one to take advantage of a superior intersection geometry for stereoscopic interpre­
tation and parallax measurements.

INTRODUCTION

STEREO VIEWING of overlapping images is a useful
tool for improved photointerpretation and al­

lows identification of homologue points for parallax
measurements and for feature extraction. The over­
lapping stereo images are typically taken by a cam­
era.

Side-looking radar sensors differ conceptually in
several ways from common photography and other
so-called passive imaging systems; a particularly
relevant difference is that the imaged ground is ac­
tively illuminated by the radar. Therefore, if an
overlapping pair of stereo radar images is produced
from two different flight or satellite positions, one
will have differences in illumination. This has caused
the use of stereoscopic viewing to be more difficult
than with passive sensor data, or made it even im­
possible with radar images (LaPrade, 1963; LaPrade,
1970).

Numerous authors have examined the height
measurement accuracies that could be achieved by
radar images if stereoscopic measurements were
feasible. Theoretical error propagation studies by
Rosenfield (1968), Gracie et al. (1970), Leberl (1972,
1979 a,b), and practical experiments by Derenyi
(1975), Graham (1975, 1976, 1979), Koopmans (1974),
Leberl (1976, 1978), Derenyi and Stuart (1984), and
DBA-Systems (1974) confirm that the so-called "op­
posite-side" stereo arrangement is geometrically su­
perior to other arrangements, such as with "same­
side" (Table 1). The highest accuracy reported to
date is the 7-m RMS height errors (Schanda et al.,
1985) employing same-side radar with 2-m ground
resolution.

Unfortunately, however, the superior opposite­
side geometry cannot be used because image pairs
cannot be viewed in stereo if the terrain is not flat:
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the illumination differences are too pronounced for
a viewer to merge the homologue features (Figure
1). Successful stereo viewing usually is, however,
feasible with same-side or similar configurations.

Recent technological advances have led from film
to digital Synthetic-Aperture Radar (SAR) data in
which the radar image is a digital matrix of pixel
brightness values. The question is, therefore, whether
one can digitally alter the opposite-side radar im­
ages in such a manner that a previously "unview­
able" data set can be successfully merged into a
three-dimensional visual impression. Results from
early experiments with film images combining a
positive image with a negative one on a three-stage
comparator encourage this approach (Yoritomo,
1972).

We will show that such processing indeed is fea­
sible, and we will present some examples. The study
reports on stereo viewing, but will also compare
some aspects of the accuracy of various stereo radar
arrangements. The paper describes digital image
processing steps needed to achieve successful stereo
viewing, and it demonstrates results based on a set
of overlapping image pairs. Actual accuracy evalu­
ations of height measurements are the subject of on­
going work.

GEOMETRIC JUSTIFICATION OF OPPOSITE­
SIDE RADAR

GENERAL

The geometric comparison of various flight ar­
rangements for stereo radar can be based on simple
parallax formulas and error propagation. Such for­
mulas have been presented by various authors and
were reviewed by Leberl (1979a). The emphasis of
past studies, however, has been on predicting er­
rors in a same-side stereo case. Therefore, the fol-
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TABLE 1. SAME·SIDE VERSUS OPPOSITE-SIDE POSITION ACCURACIES AS PUBLISHED By VARIOUS AUTHORS

RMS Accuracy (m) Control
Along Across for 100 Resolution

Author Year Track Track Vertical krn' (m) Radar Remarks

Gracie 1970 12 8 13 35 17 ANIAPQ·102 Opposite·side
Konecny 1972 68 138 240 17 Westinghouse Opposite·side

130 428 1548 Same·side
DBA·Systems 1974 27 22 17 1.2 3 AN/ASQ·142 Opposite-side

30 26 20 Same·side
Derenyi 1975 33 12 Gems 1000 Opposite-side

177 Same·side

(AI
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(81
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leI

---20 kM----

FIG. 1. Examples of same·side (A, 8) and opposite·side (8, C) radar stereo image pairs from an area
over Mt. St. Helens, Washington. The same-side pair is viewable in stereo while the geometrically
superior opposite-side pair cannot be fused. Subsets of this imagery were used throughout.





FIG. 4. Four typical radar stereo flight configurations used for error sensi­
tivity computations for Table 2.
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CASE D

CASE A

PRELIMINARY CONSIDERATIONS OF STEREO
VIEWABILITY

GENERAL

To better understand the effects of radiometric
and geometric disparity on stereoscopic viewing, the
following questions were raised:

• Is viewability sensitive to brightness/contrast differ­
ences?

• What is the importance of low spatial frequencies?
• What is the importance of high frequencies, in par­

ticular, edges?
• Is there a mutual reinforcement of geometric and

radiometric disparities?

position and height of a point from the stereo pair.
Errors of coordinate differences (d!:1y, d!:1z) are
applicable when one measures the height differences
or distances between points.

Limited range resolution, the second factor,
produces standard position and height errors (!:1y,
liz). The standard errors are produced by random
position errors that vary from point to point. In
contrast, the stereo base errors are constant over a
large area and their resulting errors of coordinate
differences are smaller than the standard errors.

The geometrically superior opposite-side
arrangement produces smaller errors than the same­
side configuration.

The same-side radar stereo image pairs in Figures 5
and 6 are a basis for the following observations.

Parallax
Differences

(km)

0.53 0.28
2.57 0.77
1.15 1.00
2.00 1.40

Ground Slant
Range Range

20
60

120
90

M(O)

Look
Angles

34 kM

~L..'O-k-M--------CASEC
P

20 kM

v
-----------~.- 'OkM

II' j,fI

L- _

11.5 kM

E&
-.------

II If' ,.
10 kM

P>----------------

A 10 11.5 65 45
B 10 53 80 20
C 10 34 60 -60
D 10 20 45 -45

TABLE 2. PARALLAX DIFFERENCES COMPUTED FOR

VARIOUS RADAR STEREO ARRANGEMENTS, ASSUMING A

TERRAIN HEIGHT h = 1 km

SUMMARY OF ERROR SENSITIVITY

Error sensitivity formulas were derived in previous
work, for example, by Leber! (1979a). Errors
discussed there included those of the stereo base,
dB, of range, dr, of flying height, dZ, and of the
components of the attitude vector. These errors
propagate into the computations of point coordinates
and of coordinate differences.

Table 3 presents errors arising from the two factors
that must be considered major, namely, stereo base
error and range resolution. The first, stereo base
error, produces coordinate errors and errors of
coordinate differences. Coordinate errors (liy, liz)
are the errors when one attempts to determine the

Flying
Height Stereobase

Case H (km) B (km) 6'(°) 6"(°)

look at point position errors also in other coordinates
than height to be able to compare achievable
accuracies.
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TABLE 3. ERRORS OF COORDINATES (tl.y,~), ERRORS OF COORDINATE DIFFERENCES (dtl.y,dtl.z), AND STANDARD ERRORS

(CTy,CTZ) ARISING FROM A 100-M STEREO BASE ERROR (dB) AND FROM LIMITED (10-M) RANGE RESOLUTION. ERRORS OF
COORDINATE DIFFERENCES, THE ERRORS THAT OCCUR WHEN MEASURING HEIGHT DIFFERENCES, OR THE DISTANCES

BETWEEN POINTS, WERE MODELED WITH POINTS SEPARATED BY 1 KM IN RANGE (dy) AND 1KM IN HEIGHT (dy)

Errors Due to
Range

Flight Configuration stereo base error
Resolution

10 rn
8' 8" M tl.y dtl.y III dtl.z CTy CTz

Case H (krn) B (krn) (0) (0) n (rn) (rn) (rn) (rn) (rn) (rn)
A 10 11.5 65 45 20 -68 -5 -189 -8 9 34
B 10 53 80 20 60 -99 -2 -39 -7 11 12
C 10 34 60 -60 120 50 -3 87 -9 8 14
D 10 20 45 -45 90 50 -5 50 -5 10 10

BRIGHTNESS

The deterioration of the original same-side radar
images in Figures 5A, B to 5C, D indicates that the
observer can adjust to global brightness differences.
The deteriorated pair can be easily viewed in stereo.
Similarly, of course, the observer does not get
confused if both images of a pair are converted to
negatives. If only one is changed to a negative,
viewing becomes impossible.

Low FREQUENCY

A low-pass filtered image pair in Figures 5(E) and
(F) still provides an accentuated, viewable stereo
pair. However, the lack of higher frequency "stereo
clues" does make precise pointing impossible.

HIGH FREQUENCY

The high-pass filtered radar images in Figure 5(G)
and (H) cannot be viewed very well under a
stereoscope. An edge detector with subsequent edge
thinning was used to arrive at the example. Shadow
edges contributed to some confusion. Therefore, it
becomes clear that all frequencies are needed for
stereoscopy.

SEPARATING GEOMETRIC AND RADIOMETRIC

DISPARITIES

Figure 6 represents a photographic stereopair with
distinctly different illumination but only a small stereo
base. Such a case cannot be implemented with radar,
but it is necessary to determine whether viewability
is possible with large radiometric disparities and small
stereo parallaxes. The example of Figure 6 can be
viewed in spite of illumination differences. We
attribute this fact to the absence of large parallaxes,
and to the lack of differences in the high brightness
frequencies.

CONCLUSION

One can conclude that all radiometrically similar
features are used for stereo viewing. As radiometric
differences increase, the visual system seems to be
less able to accept stereo parallaxes. The reduction

of geometric disparities could compensate for
confusion resulting from illumination differences.

As a result, the radar image processing strategy
must first make the relative image brightness of
common features as similar as possible. Second,
geometric processing may be needed to reduce
excessive parallax differences if radiometric similarity
cannot be achieved to a sufficient degree.

DIGITAL IMAGE PROCESSING OF OPPOSITE­

SIDE RADAR STEREO IMAGE PAIRS

GLOBAL POSITIVE-TO-NEGATIVE REMAPPING

Opposite-side illumination effects can be com­
pensated by reversing the brightness of each pixel
in one of the two images. This brightness remap­
ping should maintain the average image brightness.
Figure 7 presents a typical multilook radar image
brightness histogram with its Raleigh power distri­
bution. The remapping function consists of three
parts: a center part at a 45-degree slope, a steeper
part to remap shadows to the average brightness of
slopes facing the antenna, and a flatter part to deal
with bright areas that should be made rather dark.

A sloped feature's brightness pattern after pos­
itive-to-negative remapping will not precisely match
the pattern in the other image of the stereo pair.
The brightness patterns will be similar enough to
be perceived as the same feature with local small
features and textures providing the high spatial fre­
quency clues needed for precise pointing.

Global remapping is only meaningful if the image
has a good dynamic range. Should a high-contrast
image only contain very bright features on a dark
background, then this type of processing is not ef­
fective.

Figure 8 illustrates global remapping of the right
image of a subset of the Mt St Helens image pair.
Note that some features should not have been re­
mapped, such as lakes and a road.

LOCAL BRIGHTNESS REMAPPING

One needs a mechanism to identify image features
that should be excluded from global remapping. This
could be a set of automated feature extraction
methods; in the current experiments this consisted
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efforts. Figure 9 is the example of Figure 8 after local
processing. Most observers can fuse portions of this
image pair, but not the entire area.

REDUCING THE PARALLAX DIFFERENCES

Opposite-side radar geometry can produce
excessive stereo parallaxes that, combined with
brightness differences, confuse the viewer and
prevent stereoscopic viewing. Geometric processing
reduces the parallax differences with a three-step
process.

IAI
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FIG. 5. Same-side radar stereo image subset (A, B) with various processing results.
(C) and (D) were remapped with constant pixel brightness shifts, (C) brighter and (D)
darker.

of machine-supported manual definition of such
features.

Three individual types of local processing must
be performed: (a) the undoing of the global remap
for certain features, (b) the replacement by random
pixel values if confusing features appear in only one
image, and (c) individual adjustment of one feature
to the brightness it has in the other image.

The process is one of an interactive local "touch­
up." The degree to which this step can be fully
automated needs to be defined as part of on-going
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FIG. 6. Stereo photography with small stereo basis and large illumination differences.

250200

BRIGHT

tion of height accuracy obtainable from processed
opposite-side stereo image pairs; however, one height
profile was measured from both the radar data and
from a map at a scale of 1:62,500. Only one ground
control point was used to determine a datum for
the radar-derived heights. The observed radar par­
allax differences were converted to height using the
known values for the look angles 6 and 6' in Equa­
tion 4. Measurements were repeated to obtain an
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FIG. 7. Radar image brightness histogram and global positive-to-negative
remapping function.

employing a digital stereo operator workstation based
on two five-inch diagonal flat face, black-and-white
monitors horizontally mounted under a mirror ster­
eoscope. The system includes a De Anza IP 8500
image processing system and a VAX 11/780. All im­
age pairs could be viewed successively, with the
exception of a part of one image pair around the
peak of Mount Saint Helens (Figure 11).

The study did not specifically address the ques-
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Comparison between the radar- and map-derived
heights shows an RMS discrepancy of 36 m. This
value is obtained with look angles off-nadir of about
45 deg in both images and with a pixel size of 18 m
at a near optimum stereo intersection angle of 90

IAI
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FIG. 8. Subset of Mt. St. Helens opposite-side image stereo pair (A, B). Pair after
global remapping of the right image (C, D).

estimate of targeting accuracy. This led to root-mean­
square (RMS) errors of ± 11 m between repeated
pointings.

Measurement difficulties arise when one or both
images present a shadow, and when parallel drain­
age features exist.



CONCLUSIONS AND OUTLOOK

Processing consisted of global positive-to-nega­
tive remapping of all pixels in one image; subse­
quent local touch-ups to undo unjustified remapping,
e.g., of lakes; and removal of radar features that
appear in only one image and confuse the viewer.
Finally, the radar images may have to be geometr­
ically resampled to reduce the excessive stereo par­
allaxes. This results in a coarse, preliminary digital
elevation model that can be refined through the fi­
nal stereoscopic production measurements.

The accuracy potential of the resulting data sets
will be investigated in ongoing work. A preliminary
set of the height measurements along a profile, taken
from a stereo pair at 90-deg intersection angles and
at 18-m ground resolution, resulted in RMS errors of
2.0 pixels.

Future work will have to show the accuracy limits
with current opposite-side stereo radar imagery
where rigorous radargrammetric techniques are used.

FIG. 9. Result after local remapping of the data from Figure 8.

FIG. 10. Result after geometic processing of the data from Figure 9.

PHOTOGRAMMETRIC ENGINEERING & REMOTE SENSING, 1986

deg. The height errors amount, therefore, to about
2 pixels.

One should expect significantly higher accuracies
if a rigorous radargrammetric approach is employed
with more than one ground control point and with
the full resolution potential of the radar system.

This paper reported on the use of digital image
processing techniques to convert opposite-side ra­
dar image pairs that were previously unsuitable for
stereo viewing to a valid stereoscopically viewable
format. The success of the effort is documented by
the fact that all of four opposite-side image pairs
were modified for good stereoscopy. Only an area
around the peak of Mount Saint Helens could not
be fused to a three-dimensional model.
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stereoscopically, and how one should modify them.
Tim Martin's software turned the VAXlDeAnza
combination into an interactive stereo workstation.
We are grateful for their support.

The radar stereo imagery was provided by the
NASA Johnson Space Center. It was made with an
AN/APQ-I02A radar modified by Goodyear Aero­
space Corporation for the NASA RB-57 platform.

(A)

SAR IMAGE PROCESSING FOR STEREO VIEWING

FIG. 11. A second opposite-side stereo image subset with Mt. St. Helens at a 90­
degree incidence angle intersection (~6) before (A, B) and after processing. The peak
of Mt. St. Helens cannot be viewed in stereo.
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This Conference - jointly sponsored by the International Society for Photogrammetry and Remote
Sensing (ISPRS) Working Group WI and the American Society for Photogrammetry and Remote Sensing
(ASPRS) - will include presentations and discussions on hardware, software, system integration, cali­
bration and testing, theory, and applications. The workshop will include tutorials and practicums based
on Conference sessions; participating analytical instrument manufacturers will have systems available for
hands-on training. Plus an exciting social sortie into the world of the Old Southwest - Arizona Style ­
with a weekend trip to the border town of Nogales for shopping, dining, and hai alai or a bullfight; a
Mexican Fiesta; an evening at the Heard Museum with Indian artists and dancers; rattlesnake appetizers
at the Golden Belle Saloon in Rawhide with a concert by the Arizona Balladeer, Dolan Ellis; a weekend
trip to the Grand Canyon for the most fabulous sunset and sunrise of your life!!!! and much much more!!!!!

Watch for more information and the Call for Papers in future issues!
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