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Introduction. An important goal of photometric studies of planetary images is to 
identify the physical state of the material covering the surface of the planetary body. One 
approach to this goal is to determine the photometric function, i.e. the function of how 
intensity of light reflected from an area covered by this material varies with illumination 
angle. From laboratory experiments and theoretical studies it is known that this function is 
closely tied to physical properties of the material involved (I).  

In order to determine the photometric function of a given surface area, observations of 
this area under various lighting conditions are needed. Unfortunately, in spacecraft missions, 
such observations are often not available. On the other hand, changes in illumination angles 
due to topography with the resulting changes in surface brightness may provide an alternative 
way to determine the photometric function. However, since the topography is generally not 
known, the topography and photometric function must be determined simultaneously from the 
imagery. If the topography is complex, this may become a very difficult analytical task. 

Recently, we analyzed the problem of determining photometric functions from 
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analysis of images of craters. The approach appears more straightforward, since the 
topographic information in the image is greatly reduced compared to the general case because 
of circular symmetry of the crater. 

Approach. Our approach follows two steps. We first generated a set of synthetic 8-bit 
ortho-images of craters for a given position of the sun, for a given crater topography, and for a 
given photometric function (Fig. 1). We used a simple bowl-shaped model for craters with 
cross sections of t(s) = (D/2) * cos(~r*s/R) - (D/2), where D is the depth, R is the radius of the 
crater, and s (0 < s < 2R) and t are the horizontal and the vertical coordinate, respectively. 
We used an empirical photometric function by Minnaert (2) A = A0 * cos(i)k * cos(e)k-1, 
where A is the measured brightness, A0 is the albedo, k is the Minnaert coefficient, and i and 
e are the angle of incidence and emission of solar radiation, respectively. 

Next, we developed an algorithm that allowed us to determine the crater topography 
and the photometric function, in particular the unknowns D, R, A0 and k, from the "observed" 
image generated in step 1. The lighting conditions are assumed to be known. Earlier 
photometric studies of images of craters (3) modeled the topography for given photometric 
functions from radial profiles across the crater. However, we use the brightness information 
in the entire image, and we recover both, topography and photometric function 
simultaneously. In our method a first guess for the unknown parameters D, R, Ao and k 
must be supplied, based on which an initial image of the crater is computed. Then, the four 
parameters are varied by an iterative linearized matrix inversion method [e.g., (4)] until a best 
fit of the "computed" to the "observed" crater image is achieved. 
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Results and Discussion. We tested this approach for various crater shapes, 
photometric functions, and lighting conditions. We managed to recover the photometric 
function, in particular, the parameters A. and k within less than 1% error from crater images 
as small as 10 by 10 pixels under solar elevation angles of 609 Recovery of these parameters 
becomes increasingly difficult for higher elevation angles. For an elevation of the sun of 90" 
the distribution of brightness in the image becomes entirely circular. In this case, topographic 
and photometric information cannot be separated any longer. On the other hand, low 
elevation angles may cause shadowing, depending on steepness of the crater walls. 
Shadowing, at present, is not included in our model. 

In order to determine the photometric function from "real" images, craters must be 
chosen that are circular as near as possible. This is often not achieved, e.g., for old craters 
because of overlaying small craters, and (in the case of Mars) aeolian deposits and erosion. 
For successful recovery of very complex Hapke-type (1) photometric functions from craters 
of complex shape, large images at high resolution are necessary. 
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Fig. 1 :Synthetic images of craters for different ratios of depth to radius D/R 
and different Minnaert coefficients k 
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