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EDITORIAL
Introduction to the Issue

Hello and welcome to the second issue of Volume 3 of Digital Signal Processing.
We are very pleased to present you with an issue comprising contributions on a
truly international scale. Signal processing seems to stay at the forefront of
many scientific endeavors and we hope to be covering some of these for you. This
present issue covers a lot of ground. We hope it is worth your while.

The Personal Glimpse is very unusual. It is written by invitation to a scientist
who was willing to tackle a very difficult assignment, and that was to try to
address some of the implied questions resulting from his research. I think you
will find it fascinating. It is a majestic piece of writing and Rao and I leave you
with a thought that has been attributed to the great physicist Eddington: “Either
we are alone in the universe or we are not. Either possibility is awesome.”

John Hershey and Rao Yarlagadda
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PERSONAL GLIMPSE

Digital Image Analysis of Possible Extraterrestrial

Artifacts on Mars
Mark J. Carlotto

TASC, 55 Walkers Brook Drive, Reading, Massachusetts 01867

1. INTRODUCTION
P

In 1985, an article appeared in the Boston Globe
about the discovery of a “face on Mars” by the Viking
space probe 10 years earlier. I had followed the mis-
sion and did not recall any such discovery. Viking’s
primary science goal was to search for possible signs
of life on the surface, specifically, for evidence of mi-
crobes, tiny organisms, in the martian soil. The news-
paper article suggested another possibility—that
large artificial structures, including a mile-long hu-
manoid face, might have been found on Mars. At first
I thought it was just a joke, but socon my curiosity got
the better of me. I traced the story to a small group at
the University of California at Berkeley who was
studying the face along with several other unusual
objects that had been found in a dozen or so Viking
Orbiter photographs. Shortly thereafter, I obtained
two tapes containing copies of the original NASA im-
agery.

Initially my goal was to produce high-quality digital
enhancements of the imagery. As I became drawn into
the investigation, I soon learned that there was much
more to the face on Mars. The face was extremely
controversial—in fact, many planetary scientists had
already decided it was an optical illusion. Although I
am not a planetary scientist and therefore not an “ex-
pert,” I was not convinced. I found it hard to believe
that such a compellingly humanoid form could occur
naturally in close proximity to other objects, some
quite geometric in shape and arrangement. The cer-
tainty of the “experts” bothered me. Their conclu-
sions were based on little, if any, detailed analysis of
the data. I felt the possibility, however remote, that

we had imaged extraterrestrial artifacts on Mars de-
manded a closer look.

2. BACKGROUND
PR

Late in the 19th century, the Italian astronomer
Schiaparelli observed what appeared to be lines on
the surface of Mars. Percival Lowell’s interpretation
of Schiaparelli’s canali (channels) as artificially con-
structed canals prompted considerable speculation
about life on Mars. This vision was shattered in the
1960s when the early Mariner probes took the first
close-up pictures of Mars. These pictures showed the
planet to be heavily cratered, more like the moon than
the Earth. But these early probes photographed only
a very small portion of the surface. In 1971, Mariner 9
imaged a larger portion of the planet, changing our
view of Mars once again. It found channels that ap-
peared to be carved by water, giant volcanos almost
three times as high as Mt. Everest, and a great canyon
system thousands of kilometers in length. Viking 1
and 2 were launched in 1976 to follow-up on these
discoveries. Its two landers found the martian soil to
be highly oxidized and to contain no organic com-
pounds and no microbial life. The orbiters collected
over 60,000 images of the surface, clouds and dust
storms in the atmosphere, and Mars’ two moons,
Phobos and Deimos.

The above discoveries of the Mariner and Viking
missions are well known. What is less known is that
on a summer day in 1976 one of the Viking orbiters
imaged what appeared to be a humanoid face staring
up into space from the surface of Mars. NASA dis-
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missed the face as an optical illusion and simply filed
the picture away without further study. But several
years later, two engineers, Vincent DiPietro and Greg-
ory Molenaar, rediscovered the image of the face in
the NASA archives along with a second corroborating
image of it taken 35 days later [1].

Criticism of their work centered on the human ten-
dency to find faces everywhere; in other words, find-
ing a face in isolation tells us nothing. But then in a
subsequent investigation motivated by their work,
other nearby objects which seemed to be related to the
face were found [2]. In particular, the face appeared to
be aligned with a collection of polyhedral objects to
the southwest, termed the city (Fig. 1). By 1985 the
investigation had continued to enlist broader inter-
disciplinary support in the technical and scientific
community, at which time I became involved.

3. IMAGE PROCESSING
o

Initially, I used fairly routine image processing tech-
nigues to clean up noise and other defects in the data,

to enhance subtle detail not visible in the batch-pro-
cessed NASA photographs, and to magnify smaller
features for analysis. Many of these early results ap-
peared in books by Pozos [2] and Hoagland [3]. The
original image of the face (frame number 35A72) was
taken when the sun was about 10° above the north-
western horizon. As a result, the right side is in
shadow and there is little detail visible. When DiPie-
tro and Molenaar found the second image (70A13)
with the sun 17° higher in the sky, they discovered
that the face exhibited a high degree of bilateral sym-
metry with what appeared to be a second eye socket
and the extension of the mouth. In comparing care-
fully restored and enhanced images of the face from
35A72 and 70A13, I observed a pair of crossed lines
above the eyes, fine structure in the mouth that some
have referred to as teeth, and broad lateral strips
across the face (Fig. 2). Geometrical regularity and
fine detail have been noted in several other objects as
well [4, pp. 38, 57, and 87].

The image processing results surprised me. If these
were simply eroded landforms, one would not expect
to see such features as one examined them in greater

FIG. 1. Digitally restored and contrast enhanced image of the face (upper right) along with a collection of polyhedral objects to the
southwest (the city). The image is approximately 33 by 26 km in size and is oriented so that north is up.




FIG. 2. Magnified views of the face from frames 35A72 (top) and 70413 (bottom). Contrast enhancements (right) reveal subtle features not

readily visible in original data.

detail. Granted, the features were near the resolution
limit of the sensor, about 50 m/pixel. Yet, they could
be seen in both 35A72 and 70A13. It seemed unlikely
that these structures were caused by random noise,
sensor defects, or image processing artifacts.

4. SHAPE-FROM-SHADING
o]

But was the face an optical illusion as NASA had
stated? Since the only two high-resolution images of
the face were acquired at approximately the same sun
angle and sensor geometry, it seemed at first that one
could neither prove nor disprove that statement. But
then it occurred to me that if the shape of the face
could be recovered somehow, one could, in principle,
generate synthetic images for different sun angles and
sensor geometries using computer graphics tech-
niques. If the face was an optical illusion, a trick of
light and shadow, then these images would reveal an
ordinary mesa, as NASA had said.

In 1986 at TASC, we were exploring the use of
shape-from-shading techniques for computing eleva-
tion maps from imagery. Simply stated, shape-from-
shading relates changes in image brightness in the
direction of the light source to the shape of the imaged
object. By inverting the image formation equation

i, y) = aR(az 62),

ax’ dy

where R is the reflectance map which relates surface
orientation to brightness and « is a constant of pro-
portionality, one can estimate the relative shape of an
object z(x, y) from image brightness values i(x, y).
Patrick Van Hove, a graduate student under Berth-
old Horn at MIT, implemented an algorithm that
summer at TASC that seemed to work well on recover-
ing the shape of isolated landforms such as craters
and mesas [5]. I used this algorithm to estimate the
shape of the face from each of the two images 35A72
and 70A13. Since there was no “ground truth” to




check the accuracy of the results, the surfaces com-
puted from each image were used to predict the other
image. By comparing the predicted image with the
actual image, I was reasonably sure that the recovered
surface was an accurate representation of the shape of
the face. Two key questions could then be addressed:
Are the facial features visible in the imagery also pres-
ent in the underlying surface? Do these features per-
sist as the lighting conditions and viewpoint are
changed?

Figure 3 shows synthetic images of the face for dif-
ferent lighting conditions and perspectives. These re-
sults suggest that the face is not a “trick of light and
shadow” as originally stated by NASA in that it re-
tains its appearance over a wide range of viewing con-
ditions. This is not the case for natural stone forma-
tions like New Hampshire’s Old Man of the Moun-
tain [4, p. 39]. After being initially rejected by the
journal Icarus on the grounds that “the face is of no
scientific interest,” a paper describing the above
methodology and results was published in Applied
Optics in May 1988 [6].

5. FRACTAL ANALYSIS
it 2i

Following the publication of the above paper, the
noted planetary scientist Carl Sagan sent me a copy of
an article he had written for Parade Magazine several
years earlier. In it he points out the tendency of the
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human mind to find faces in practically anything,
from clouds to tortilla chips, suggesting that the “face
on Mars” is no different from “the man in the moon.”
I began to wonder whether there was a more objective
way to evaluate this imagery. Was it possible to deter-
mine if the structure of the face and other objects was
quantitatively different from the surrounding terrain
and nearby landforms?

At about that time we were becoming interested in
the use of fractals for analyzing images. In short, frac-
tals are objects that are self-similar in structure—in
some sense, a portion of a fractal resembles the whole.
Fractals had been previously used with great success
to generate realistic terrain backgrounds for com-
puter animations (recall the Genesis sequence from
the movie Star Trek II). Locally, fractals are good
models for terrain because the structure of terrain ex-
hibits a high degree of self-similarity over spatial
scales less than about 1 km. It has been observed that
the structure of man-made objects, on the other hand,
tends to dominate at particular scales.

As with shape-from-shading, the timing was fortui-
tous. At TASC we had recently developed an image
processing algorithm for detecting man-made objects
such as military vehicles in aerial photographs using a
fractal modeling approach [7]. The basic idea is to
measure the deviation from fractal behavior over a
range of scales using a linear model

e= 2 [log M(r) — (alogr + b)1?

FIG. 3. Synthetic images of face generated for different lighting conditions (left) and from different viewpoints (right).




where M(r) is some metric property of the image such
as its power spectral density or surface area, r is the
scale of measurement, and a and b are constants that
minimize the residual error ¢. For fractals M(r) ~
r'® where f(D) is some function of the fractal dimen-
sion D. Since fractals scale according to a power law,
the signature of a fractal is a straight line in log r vs
log M(r) space, where a is the slope of the line and is
related to the fractal dimension. As a result, ¢ tends to
be small over those portions of the image containing
natural terrain features and large where there are
man-made structures. Figure 4a shows the results of
applying this algorithm to a Landsat image contain-
ing a small small town near the center of the picture.

When the above algorithm was applied to the Vik-
ing imagery, the face was found to be the least fractal
object in 35A72 (Fig. 4b) and among the least fractal
objects in 70A13 (Fig. 4¢)! The analysis was carried
out over a 21 X 21 window (corresponding to a range
of scales from 50 m to about 1 km). Further analysis
revealed the face and several objects within the city to
be the least fractal areas in the four available Viking
Orbiter frames 35A70-35A73 (total area ~15,000
km?). After being rejected by the journal Nature on
grounds similar to those cited by Icarus, a paper con-
taining these results was eventually published in the
Journal of the British Interplanetary Society early in
1990 [8].

6. DISCUSSION
T

These results appear to suggest that the face along
with several other objects in the city is quantitatively
different from the surrounding landforms. The face is
not an optical illusion. It is also the least natural ob-
ject encountered in the imagery examined thus far.
So, what is my conclusion?

Mainstream planetary scientists argue that these
objects cannot be artificial because no life, let alone a
technological civilization capable of creating such ob-
jects, could possibly have developed on Mars in time
according to current theories. Another possibility,
that Mars may have been visited by an intelligence
from outside our solar system, is usually dismissed as
pure speculation. As an aside, many of these same
individuals support NASA’s $10 million search for
extraterrestrial intelligence (SETI) using radiotele-
scopes. If it is legitimate to listen in the microwave
portion of the electromagnetic spectrum for extra-
terrestrial radio signals, why not use our planetary
probes to look for their artifacts or signs of altered
terrain on planetary surfaces? Perhaps the answer is
more political than scientific.

At the other extreme, those who already believe in
extraterrestrials embrace these results as proof. Some
see these objects as monuments, possibly even con-

FIG. 4. (a) Landsat image (top left), fractal model fit error (center), and least natural region highlighted. (b) Portion of 35A72 (left) and
least natural region highlighted (bottom). (¢) Portion of 70A13 (bottom right) and least natural regions highlighted (bottom).




veying some kind of message to us. It seems to me that
the key question that must be addressed is simply: Are
these objects artificial, or are they natural?

Last September our latest planetary probe, the
Mars Observer [9], was launched toward the red
planet. If all goes well, it will enter orbit later this year
and begin to image the martian surface at resolutions
approaching 1 m/pixel [10]. I think it is clear that the
work summarized in this paper in no way proves that
these objects are artificial. It is my hope, however,
that it does legitimize the hypothesis that certain ob-
jects on the martian surface may not be natural and
deserve to be reimaged. The Mars Observer mission
provides an unprecedented opportunity to follow-up
on these potential discoveries of Viking. For the first
time it affords us the unique opportunity to either
confirm or deny, by purely technical means, the exis-
tence of extraterrestrial life, not just in the universe
but practically “next door” to us on Mars.

REFERENCES
el

1. DiPietro, V., and Molenaar, G., Unusual Martian Surface Fea-
tures. Mars Research, Glenn Dale, MD, 1982.

2. Pozos, R., The Face on Mars: Evidence for a Lost Civilization?
Chicago Review Press, Chicago, 1987.

3. Hoagland, R., The Monuments of Mars: A City on the Edge of
Forever. North Atlantic Books, Berkeley, CA, 1987.

. Carlotto, M. J., The Martian Enigmas: A Closer Look. North
Atlantic Books, Berkeley, CA, 1992.

. Van Hove, P., and Carlotto, M. J., An iterative multi-resolu-
tion shape from shading algorithm and its application in plan-
etary mapping. International Geoscience and Remote Sensing
Symposium, Zurich, Switzerland, 1986.

. Carlotto, M. J., Digital imagery analysis of unusual martian
surface features. Appl. Opt. 27, (1988), 1926-1933.

. Stein, M. C., Fractal image models and object detection, Proc.
SPIE 845, (1987), 293-300.

. Carlotto, M. J., and Stein, M. C., A method for searching for
artificial objects on planetary surfaces. JJ. Br. Interplanet. Soc.
43, (1990), 209-216.

. Komro, F. G., and Hujber, F. N., Mars Observer instrument

complement, J. Spacecraft and Rockets, 28, (1991), 501-506.

Malin, M. C., Danielson, G. E., Ravine, M. A., and Soulanille,

T. A., Design and development of the Mars Observer Camera,

Int. J. Imaging Systems Technol. 8, (1991), 76-91.

10.

MARK J. CARLOTTO was born in New Haven, Connecticut in
1954. He received his B.S., M.S., and Ph.D. degrees from Carne-
gie-Mellon University in 1977, 1979, and 1981, respectively. He
has been employed by TASC in Reading, Massachusetts, since
1981. From 1981 to 1983 he was an assistant adjunct professor at
Boston University, where he taught courses in computer architec-
ture and image processing. At TASC he is currently a Division
Staff Analyst and is involved in a variety of projects related to
multispectral image processing, content-based image retrieval, and
information visualization. He has written one book and almost 50
technical papers in the areas of digital image processing, pattern
recognition, and optical computing. He is a senior member of the
IEEE.




