
Digital imagery analysis of unusual Martian surface features / 

Mark J. Carlotta 

Image processing results in support of ongoing research into the origin of a collection of unusual surface 
features on Mars are presented. The focus of the investigation is on a mile long feature in the Cydonia region 
of Mars which resembles a humanoid face that was imaged by Viking orbiter in 1976. While the face has been 
dismissed as a trick of light and shadow by some, there remains considerable interest in this feature, which 
others believe was sculpted into the form of a humanoid face, and several nearby polyhedral objects which 
appear to be spatially aligned with it. Image enhancements of the face show it to be a bisymmetrical object 
having two eyes, a nose, and a mout h; fine structure in the mouth suggesting teeth are apparent in the 
enhanced imagery as well as crossed symmetrical lines on the forehead. Facial features are also evident in the 
underlying 3-D surface which was reconstructed using a single image shape-from-shading technique. Syn­
thetic images derived from the 3-D model by computer graphics techniques suggest that the impression of 
facial features evident in the original Viking imagery are not a t ransient phenomenon; i.e., they persis t over a 
wide range of illumination and viewing conditions. 

I. Introduction 

In July of 1976, the Viking orbiter acquired a strange 
image of what appeared to be a face staring straight up 
into space from the surface of Mars. The face was in a 
region known as Cydonia fn the northern hemisphere 
of Mars, originally selected as a possible landing site 
for Viking. Officially dismissed at the time as a trick 
of light and shadow, the face was rediscovered by Di­
Pietro and Molenaar, engineers at the Goddard Space 
F light Center, several years later. During the course 
of their investigation, a second image of the face that 
had been acquired in slightly different lighting condi-. 
t ions was found. Digital image enhancements of this 
second image revealed a bisymmetrical object having 
features suggestive of eyes, a ridgelike nose, and a 
mouth. Due to the controversial nature of the subject, 
their results. were published independently of the 
planetary science community.1 

Init ial criticism of their work centered on the human 
tendency to find faces everywhere; in other words, 
finding a feature which resembles a humanoid face in 
isolation on Mars tells us nothing. However, in a 
subsequent investigation motivated by the work of 
DiPietro and Molenaar, other nearby objects which 
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seemed to be related to the face were found. In partic­
ular, the face appeared to be aligned with a collection 
of polyhedral objects to the southwest, termed the city, 
which did not appear to fi t the underlying geology of 
this part of Cydonia. Hoagland, a member of the 
investigat ion team, went on to show that solstice align­
ments between the face and certain objects in the city 

. are satisfied every million years, the last one being 
about a half a million years ago. Others speculated 
that the city and face were near the shoreline of an 
ancient northern sea. Their results were presented at 
the 1984 Case for Mars Conference.2 Crit ics claimed 
that such objects could not possibly occur on Mars 
because life, let alone an intelligence capable of creat­
ing such things, could not have developed on Mars 
based on current theories. 

In support of more recerit work,3-5 further analysis of 
the available orbiter imagery using ·image processing 
and computer graphics techniques has been performed 
to obtain the best possible enhancements of these ob­
jects and to determine t he underlying 3-D st ructure of 
the face. Once the 3-D shape has been derived ques­
tions such as, what does it look like when viewed in 
different illumination conditions and from different 
perspectives?, or does the underlying 3-D structure 
also resemble a face, or is the impression of a face 
merely a trick of light and shadow?, can be answered. 

The organization of the remainder of this paper is as 
follows: Sec. II reviews the imagery and data t hat 
were made available for the study. Image enhance­
ment results of the face and other nearby objects are 
presented in Sec. III. Section IV addresses the prob­
lem of deriving 3-D information from the available 
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Fig. 1. Contrast-enhanced image of the face and the collection of pyramidal objects to the southwest (the city). The image is -33.1 X 26.5 km 
in area and is oriented so that north is up. 

imagery. Three-dimensional reconstructions of the ~ a second high resolut ion image containing 
face obtained using a single image shape-from-shading ~so in afternoon light, with the sun slight ly 
technique are presented. The 3-D information is then 
used to synthesize alternative views in varying illumi­
nation condit ions and from differen~ perspectives. 
Results are summarized in Sec. V. 

II. Review of the Available Data 

The face and other nearby objects are locat ed in the 
region of Mars known as Cydonia Mensae. The region 
of interest is in the northern portion of Cydonia Men­
sae bordering Acidalia Planit ia and the northern 
plains. It is a region containing a variety of flattopped 
prominences with clifflike walls (mesas) and conical 
hills or knobs. The geology of this and other parts of 
Cydonia Mensae a re described by Guest and Butter­
worth.6 Mesas are 5-10 km wide and are thought t o be 
remnants of cratered plateau material that was subse­
quently stripped back by erosional processes. Knobs 
are smaller, ,..._,2 km across, and might be isolated hills 
with a shallow apron around the base or be on top of 
mesas. No single mechanism has been suggested for 
their origin. Geologically, the face would be consid­
ered to be a knob. 

The face is located at "'40.9°N, 9.45°W. Four im­
ages containing the face have been identified and were 

ilable for the study: 
35A 72 the original photo of the face acquired in 

the 1an summer, in afternoon light (sun is from 
the west); 

higher in the sky; 
673B56- a lower resolut ion image of the part of 

Cydonia Mensae containing the face viewed in after­
noon light 

753A33-a lower resolution image of the part of 
Cydonia Mensae containing the face viewed in morn­
ing light (sun is from the east) 

The above images are referenced in terms of their 
picture number where 35A 72 is the seventy-second 
image taken in the thirty-fifth orbit by the A space­
craft. Frames 35A 72 and 70A13 were acquired near 
periapsis with t he spacecraft ,..._,1500 km from the plan­
et; the latter two frames were acquired near apoapses 
(,..._,33,000 km) when the orbit was shifted for synoptic 
coverage. Thus, only the first two scenes have suffi­
cient resolution ("'50 m/pixel) for our analysis. The 
second two were useful in that t hey provided a context 
for our analysis. Table I summarizes relevant imaging 
parameters for the two higher resolution images. This 
information was obtained from the Science Data 
Block.7 

Although the planet was viewed in a variety of illu­
mination conditions, only two higher resolution views 
of the face, both in similar illumination condi tions and 
perspective, were acquired . No higher resolution im­
ages of the face in morning light appear to exist. Thus 
only the features on the left, sunlit s ide of the face are 
visible. The following sections describe our efforts to 
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done in computer graphics for producing shaded ren­
ditions of surfaces. However, the inverse problem is 
underdetermined since there are many gradients 
which will give rise to a particular irradiance. 

A relatively simple but elegant method for estimat­
ing the gradients is by the method of photometric 
stereo when two or more images of the scene are avail­
able from the same perspective but in different light­
ing condtions. 11•12 As determined earlier, the two or­
biter images are 6.08° apart in view angle; from the 
Science Data Block one can readily calculate that they 
are 23.75° apart in sun angle. Thus, the orbiter geom­
etry is better suited for photometric stereo than for 
stereoscopy. The method of photometric stereo, 
which was originally developed for relatively low noise 
industrial machine vision environments, is, unfortu­
nately, very sensitive to noise. Experiments were con­
ducted on both simulated imagery with lighting cond­
tions and noise levels similar to 35A 72 and 70A13 and 
on the actual imagery to assess its usefulness. The 
resultant gradient fields were noisy and strongly in­
consistent; i.e., not readily integratable into elevation 
surfaces. It was thus concluded that the method of 
photometric stereo is also not useful for recovering 3-D 
information from the available imagery. 

Finally, we turn to single image shape-from-shading 
methods. The recovery of shape from a single image is 
computationally more difficult because we are trying 
to determine a gradient field with two degrees of free­
dom from an image which has only one degree of free­
dom. Various methods have been developed in both 
the planetary science and the machine vision commu­
nities to solve this problem. 11•14 In the planetary com­
munity, single image shape-from-shading is known as 
photoclinometry, a term coined by McCauley in 1965. 
The method used here was adopted from Strat15 and 
Terzopoulis16 and is based on an iterat ive multiresolu­
tion approach. 17 The height map z(x,y) is computed 
from a single image E(x,y) in two steps by first estimat­
ing the gradients from the image irradiances via the 
reflectance map and ti).en determining the elevations 
from the gradients. The iterative approach t~ shape­
from-shading is to be contrasted wit h those methods 
which attempt to compute the elevation surface by 
direct integration of the brightness gradients. 13•14 

They, like the method of photometric stereo, are sensi­
t ive to image noise and may produce inconsistent gra-
dient fields. · 

The gradient field (p,q) is estimated by an iterative 
algorithm which seeks to minimize the integral 

Sf {E(x,y)- R[p(x,y),q(x,y)] l~dxdy +A Sf (p, - qy)2dxdy, 

where Pr = ap/ax and qy = aq/ay. The first term is the 
difference between the actual and estimated irra­
diances. The second term forces the gradients to be 
consistent, i.e., to correspond to a real elevation sur­
face, and also provides a built in immunity to noise. 
Solution methods for the above equation are discussed 
in Horn. 11 If Pij and Qij are the sample values of the 
gradients at the grid point (i,j), the form of the solution 
is ' 
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Pij (t + 1) = f[pij(t) ,qij(t)) + (Eij - R(Pij•qij )]Rp(pi,,qij), 

qij( t + 1) = g[pij(t),qij(t)) + (Eij - R(pij,Qij ))Rq(Pi"qij), 

where f and g are linear combinations of the values of p 
and q around (ij), Rp = aR/ap, and Rq = aR/aq; the 
initial conditions are Pij(O) = 0 and Qij(O) = 0. 

In the above algorithm, a penalty term is added to 
force the gradient field to be consistent. Since consis­
tency is not enforced as a strict constraint, the resul­
tant gradients will be somewhat inconsistent and so 
cannot be directly integrated into an elevation surface. 
Therefore, the elevation map z(x,y) is computed by 
another iterative algorithm which minimizes the inte­
gral: 

min ff [(z,- p)2 + (zy - q)2)dxdy, 

where Zr = az/ax and Zy = az/ay. 
The algorithm used here assumes a flat background 

as a boundary condition. Other shape-from-shading 
algorithms use different boundary conditions such as 
occluding boundaries, or in photoclinometry, plane­
tary limbs. The algorithm also forces the reconstruct­
ed surface to follow the grazing rays of the sun in 
shadowed areas. This provides an implicit boundary 
condition that in turn forces the lengths of shadows to 
agree with the heights of the objects casting the shad­
ows. 

C. Imaging Model 

Before applying the shape-from-shading algorithm 
to the imagery, the salient characteris tics of the atmo­
sphere, the imaged surface, and the illumination must 
be considered. In addition to the orthographic imag­
ing assumption stated earlier, five additional assump­
tions are made: 

(1) the atmosphere is a horizontally homogeneous 
medium; 

(2) the surface material compositon is homogeneous 
and the albedo is constant within the region of interest; 
. (3) the surface can be modeled as a Lambert ian 
reflector; 

(4) t he sun can be approximated as a point source 
and the sky by a uniform hemispherical source; and 

(5) some portion of the region of interest di rectly 
faces the sun, some portion is in shadow, and the area 
surrounding the face is flat. . 

The first assumption allows us to reduce a 3-D prob­
lem to a 1-D problem. 18 Assumption two is based on 
observations by Wildey13 that the winds tend to rede­
posit surface materials in a uniform fashion so the 
albedo and scattering properties can be t reated as 
approximately constant over small areas. Assump­
tion three was made in lieu of specific knowledge about 
the composition of surface materials in Cydonia. The 
paucity of imagery over the region of interest preclud ­
ed an empirical estimation of the reflectance map 
(photometric fun ction) via a Minneart or Lommel­
Seeliger fit, for example. T he results presented in the 

· next section show that, to a first order, the Lambert ian 
is a good model over the region of interest. The point 
source and hemispherical sky assumptions are made to 



) 

Fig. 5. Isometric plot of the 3-D reconstruction obtained using the 
single image shape-from-shading algorithm on 70A13. A similar 

result was obtained fo r 35A 72. 

simplify the reflectance map. To check the validity of 
the point source assumption, the sun was modeled as 
an extended source (0.34 ° at Mars) and found to have a 
negligible effect on the surface reconstruction. The 
hemispherical sky term is used to model ambient light 
(more on this below). Finally, the last assumption 
allows image intensit ies to be converted into normal­
ized reflectances between zero and one for shape-from­
shading and supplies the needed boundary condition. 

The resultant image formation model (adapted from 
Sjoberg 18) is given by 

L(x,y) = (pf,")Tu(z)IE0T d(z )R(p(x,y),q(x ,y)j 

+ E, (z)R0 (p (x,y) ,q(x,y)]l + L P(z ), 

where L(x,y ) is the radiance, p is the albedo, Tu(z) is 
the vertical atmospheric transmittance from altitude z 
up to the spacecraft, Eo is the extraterrestrial solar 
irradiance, Td(z) is the path transmittance from the 
sun to alti tude z, R(p,q) is the reflectance map for a 
Lambertian scatterer illuminated by a point source, 
E.(z) is the sky irradiance at alt itude z, Ra(p,q) is the 
reflectance map for a Lambert ian scatterer under a 
uniform hemispherical source, and L p(z) is the path 
radiance between the spacecraft and the surface at 
altitude z. Since the field of view is small and the 
variation in aititude is small relative to the depth of the 
atmosphere within the field of view, .we treat Tu(z), 
Td(z),· E 5 (z), and L p(z ) as constants. The low digital 
counts in the shadows suggest that Eo T d » Es and that 
the contribution of the L p term on the right side is 
small (but not zero). However, given the limited dy­
namic range of the data and the relatively high noise 
level, we shall assume that it is negligible and, for the 
present, shall concern ours.elves with the port ion o( the 
face that is directly illuminated by the sun. 

Assuming an orthographic imaging model, the previ~ 
ous equation can be simplified as · 

E(x,y) = k 1R(p(x,y),q(x,y) ] + k2, 

where k 1 and k 2 are cons tants. Assuming a linear 
relationship between the image irradiance E(x,y) and 
the digital image intensity data l (x,y), image intensi­
ties and reflectances can be related by 

l(x,y) = U mnx- l min)R(p(x,y),q(x,y)] +/min· 

I max is assumed to correspond to areas that face the sun 

(R = 1) and Imin is assumed to correspond to areas in 
shadow (R = 0). Finally, the reflectance map for a 
Lambertian surface illuminated by a point source at 
(p0 ,qo) is given by 

1 + PPo + QQo 
R(p,q) = (1 + P 2 + q2) 112(1 + P5 + q5) 1/2 ' 

where Po = tan¢0 cos(90 + Oo) and qo = tan¢o sin(9~ + 
80). The angle ¢ is measured relative from th_e zemth 
and the azimuth angle 8 is measured clockwtse from 
north. Values of p0 and qo for 35A72 and 70A13 are 
derived from the ephemeris data in Table I. 

D. Results 
Reconstructions of the face were computed from 

35A 72 and 70A13 using the single image shape-from­
shading algorit hm. An isometric plot of the elevation 
map computed from 70A13 is shown in Fig. 5. The 
view is from the northwest, i.e., above and to the left of 
the face. An almost ident ical result was obtained from 
35A 72. Both results clearly show evidence of facial 
features in the underlying topography. The recon­
structed shape of the face appears somewhat smoother 
than one would expect from looking at the imagery 
since the area is rather small to begin with (64 X 64 
pixels total), derivatives are estimated locally within 3 
X 3 windows, and the presence of the consistency con­
straint in the iterative formulation has the effect of 
trading off detail for reduced noise. . . 

To check the validity of the results, synthetic tmages 
were computed from the gradient fields of the recon­
structed surfaces and compared to the original data. 
Figures 6(a) and (b) are the original images from 35A 7_2 
and 70Al3. Figures 6(c) and (d) are the synthet1c 
images obtained by illuminating the 3-D surface recon­
structed from 35A 72 with the light source at positions 
corresponding to 35A 72 and 70A13, respectively. Fig­
ures 6(e) and (f) are the synthetic images obtained by 
illuminating the 3-D surface computed from 70A13 
with the light source at positions corresponding to 

· 35A 72 and 70A13, respectively. The close agreement 
between (a), (c) , and (e), and (b) , (d), and (f) suggests 
that the Lambertian model assumption is adequate 
given t he quality of the data. . 

Synthetic images of how the 3-D surface mtght a~­
pear in different illumination conditions are shown m 
Fig. 7. The images in the figure were generated by 
substituting the gradients ·estimated by the shape­
from-shading algorithm into t he reflectance map 
equation for different light source positions. The fa­
cial features evident in the original orbiter photo­
graphs are also present in different illumination condi­
t ions. Under simulated morning light, the left side of 
the face is dark and the left eye is bright while in 
afternoon light the situation is reversed. _ 

To simulate the appearance of the face from dtffer­
ent perspectives, the image of the face from 35A 72 was 
projected onto the elevation map computed above and 
reprojected using a computer graphics rendering sys­
t em. The renderer can generate perspective views of 
3-D scenes for arbi t rary camera positions. In this case 
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(a) (b) 

(c) (d) 

(e) (f) 

Fig. 6. Cross·check of single image shape-from-shading results: 
Origina l images of (a) 35A 72 and (b) 70Al3. Synthetic images of the 
3-D surface estimated from 35A 72 and viewed in lighting conditions 
of (c) 35A72 and (d) 70Al3. Synthetic images of the 3-D surface 
estimated from 70Al 3 and viewed in light ing conditions of (e) 35A 72 

and (f) 70Al3. 

the 3-D scene was t~e image in 35A 72 projected onto 
the 3-D surface computed by the shape-from-shading 
algorithm. Simulated images for different positions 
around the face are shown in Fig. 8. Again, the facial 
features evident in the downlooking view of the orbiter 
photography are also present when the object is viewed 
from radically different perspectives. Such is not the 
case in more familiar terrestrial analogs such as New 
Hampshire's Old Man of the Mountain, for example. 

Finally measurements of the peak height, length, 
width, and maximum slope of the feature were made 
for both 3-D surfaces. The peak height was corrobo­
rated by measuring the length of the shadows. In 
general, the results presented in Table II show good 
agreement between the two images. 

V. Summary and Conclusions 

Digital image enhancements of a mile long feature 
resembling a humanoid face and other nearby objects 
in the Cydonia region of Mars were performed, the 3-D 
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(C) 

Fig. 7. Synthetic images of the face as it m ight appear in different 
illumination conditions. Images (a) and (c) were obtained by illum i­
nating t he 3-D surfaces computed from 35A72 and 70A13 under 
simulated afternoon light. Images (b) and (d) a re the corresponding 

views under simulated morning lighl. 

Fig. 8. Perspective views of t he face gene rated by projecting the 
image of 35A 72 onto its 3-D surface. The views were generated for 

simulated camera posit ions a round the face. 

Table II. Measurements of the Face Derived from Viking Orbiter Imagery 

Measurement 

Peak height 
Length 
Width 
Maximum slope 

35A72 

430 m 
2.62 km 
2.06 km 
44.83° 

70A13 

395m 
2.46 km 
2.03 km 
33. 18° 

Combined 

412.5 ± 17.5 (4.2%) 
2.54 ± 0.08 (3.1%) 

2.045 ± 0.015 (0.7%) 
39.01 ± 5.82 ( 15%) 



--:/:. structure of the face was derived using a single image 
shape-from-shading algorithm, and synthetic views 
were then generated using computer graphics tech­
niques. The 3-D analysis was performed because 
there is a lack of high resolution images of this area 
viewed in conditions other than in afternoon light and 
from directly overhead. The intent was to create syn­
thetic views of the face to determine if the visual im­
pression of a face persists over a wide range of lighting 
conditions and perspectives. 

The image enhancement results indicate that a sec­
ond eye socket may be present on the right, shadowed 
side of the face; fine structure in the mouth suggesting 
teeth are apparent in the enhanced imagery as well as 
crossed symmetrical lines on the forehead. The re­
sults of the 3-D analysis show that the impression of 
facial features is not a transient phenomenon. Facial 
features are evident in the underlying topography and 
are shown to induce the visual impression of a face over 
a wide range of illumination conditions and perspec­
tives. 

It is the author's belief that, although the Viking 
data are not of sufficient resolution to permit the iden­
tification of possible mechanisms of origin for these 
objects, the results to date suggest that they may not be 
natural. At the very least, these enigmatic objects 
deserve further scrutiny by future Mars probes such as 
the 1988 Soviet Phobos mission or the U.S. Mars Ob­
server. 
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