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Over the past two decades several procedures have been developed to 
measure topography of lunar and martian craters. Shadow measurements of 
telescopic data [ I ] ,  Lunar Orbiter and Apollo photography [2,3], Mariner 
photography [4], and Viki'ng imagery [5] have dominated the literature. 
This commonly used method requires that imagery be taken at sufficiently 
large sun angles to provide a true shadow. The greatest difficulty with 
and inherent error in this method is determining the true lateral extent of 
the crater shadow [5]. Topographic profiles of craters have also been 
generated from the Mariner ultraviolet spectrometer (WS) data [6,7]. The 
UVS method is subject to a number of uncertainties: location of the scan 
path, dust in the martian atmosphere, regional pressures, and diurnal 
pressure variations [ 7 ] .  One of the most precise methods for obtaining 
topographic information from imagery is stereo photogrammetry [a]. 
However, this method is time-consuming , as well as expensive, and requires 
a pair of images taken at different viewing angles. 

In order to facilitate rapid, interactive derivation of relative 
topographic profiles Davis et al. [9] devised a photoclinometric technique 
that generates topographic profiles of martian craters in approximately 
thirty seconds on an interactive display terminal. The equations used in 
this method require profiles derived only along the downsun or upsun 
direction. The following general equation has been developed that 
describes the influence of slope on incident sunlight at any direction from 
downsun: 

B(,) = H + S A(,) (COS I cos 0 + sin I sin 8 cos E )  

where B(xb is the brightness at a pixel (x) from the center of the crater, 
H is the aze obtained from shadows, S is the combined solar flux, 
attenuation by atmospheric scattering and camera sensitivity, A(x is the 
albedo at a pixel (x), I is the solar incidence angle, 0 is the s 1 ope of 
the surface at pixel (x), and E is the angle from which the profile is 
taken, measured from downsun. This equation is transformed to derive 
surface slope by either the ratio method or the unidirectional method, as 
explained in [9]. The precision of this method is f 2 to 5% for slopes, 
k 5 to 8% for rim heights, and f 1 to 5% for diameters. Table 1 compares 
results from the ratio method with those from shadow measurements [lo] and 
stereo photogrammetry [ll]. 

The advantages of this method are: (1) it does not require a crater 
to have a true shadow or the image to have been acquired at high solar 
incident angle, (2) it does not require stereo imagery, (3) it is very 
rapid, (4) the ratio method compensates for changes in surface albedo which 
usually occurs near crater rims, and (5) the method can be utilized in any 
direction from downsun; thus, if a true shadow does exist that covers more 
than half of the crater, the downsun values can be ratioed to the values, 
orthogonal to downsun direction. The ratio method only requires: (1) a 
haze value, determined from the image, and (2) that the crater albedo be 
radially symmetric. The unidirectional method precludes the need for 

O Lunar and Planetary Institute Provided by the NASA Astrophysics Data System 



RAPID RELATIVE TOPOGRAPHY 

DAVIS, P.A. et al. 

radial symmetry in albedo, but requires a good approximation of the 
brightness of a flat field in the image and does not, at this time, 
compensate for changes in surface albedo along the profile. The 
unidirectional method is particularly useful in obtaining topographic 
information on crater exteriors (i.e., the extent and height of ejecta 
blankets) and across ridges, channels, and dune forms. 
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TABLE 1. COMPARISON OF THE RESULTS FROM THE COMPUTER R A T I O  METHOD W I T H  THOSE FROM SHADOW 
MEASUREMENTS AND STEREO PHOTOGRAMMETRY. 

SHADOW 
M ASUR M 

BOWL-SHAPED 3 - ~ K M  3 - ~ K M  5 2 0 ~  4 7 5 M  
--- --- 

9 6 7 A l 0  FLAT-FLOORED 9 . 9 ~ ~  9 . 3 ~ 1 4  8 5 0 ~  7 1 0 ~  --- --- 
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