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WHAT'S WRONG WITH PHOTOCLINOMETRY? D. G. Jankowski and S. W. Squyres, Depart- 
ment of Astronomy, Cornell University, Ithaca, NY 14853 

Topographic data on surface features of planets and satellites are useful in the study of these bodies. 
Direct measurements of topography are rare. Due to its simplicity and speed, the technique of photoclinom- 
etry, which determines surface slopes from brightness variations on spacecraft images, continues to be very 
popular (1-6). However, photoclinometry will not give reliable results in all cases. Thus it is important that 
topographic data derived from photoclinometry, like any other data, are not used without associated error 
estimates. 

Photoclinometrically determined slopes contain errors from the following sonrces: 

i. Image noise: Image noise is a source of error because it produces spurious intensity fluctuations from 
pixel to pixel. 

ii. Digitiration: The digitization of brightnew levels in all spacecraft images results in an inherent slope 
uncertainty. 

iii. Background: An incorrect dark current will introduce systematic errors. 
iv. Photometric function uncertainties: An an improper photometric function is obviously a source of error. 
v. Albedo errors: The surface albedo can be a source of error both due to uncertainties in the mean regional 

albedo (often assumed constant) and due to albedo variations. 
vi. Atmospheric effects: An atmosphere can be a source of error due both to uncertainties in the mean 

contribution of light scattered and due to fluctuations of this contribution across the image. 
vii. Scanline misallignment: Most photoclinometry techniques are one-dimensional, determining the topog- 

raphy only along a specified line. Such techniques are typically restricted to scanlines that travel directly 
up or down all slopes. Hence slope errors can also occur due to the misallignment of scanlines. 

viii. Viewing and lighting geometry ancertainties: The erron associated with viewing and lighting geometry 
uncertainties associated with recent spacecraft are for the most part insignificant compared to other 
errors, and will not be discussed. 

We have performed an investigation of the quantitative effect of each of these error sources on the 
photoclinometric method. The error contributions due to the above sonrces afe modelled under conditions 
appropriate for spacecraft images of Ganymede and Mars. The characteristics of Viking Orbiter images 
are used for modelling Mars and the characteristics of Voyager images are used for Ganymede. The noise 
characteristics of the Galileo camera are included as a comparison with the Voyager cameras. The Lommel- 
Seeliger photometric function is used to model grooved terrain on Ganymede ( I ) ,  and the Minnaert function 
is used to model the surface of Mars (5). 

Photoclinometric slope uncertainties due to the above sonrces have been plotted on photometric latitude- 
longitude grids for phase angles of 30°, 60°, and 90'. Slope errors are investigated for "actual" slopes of . 
0°, 10' (sloping away from the sun), and -10' (sloping towards the sun). Slope errors are also investigated 
for rotation angles (the angle subtended by the scanline direction and the local photometric latitude line) 
ranging from 30° to -30°. 

At small incidence angles, the photometric functions change very slowly; thus small brightness variations 
in this region correspond to large topographic slopes. Hence the effects of albedo variations, atmospheric 
variations, noise, and digitication are all enhanced near the subsolar point. This is clearly seen in Figures 
l a  and lb,  which show contours of the slope error due to a 5% albedo variation on Man  and .Ganymede, 
respectively. The errors in Figure 1 were calculated for a point with O0 slope along a scanline with a 
rotation angle of 0'. The phase angle is 60'. Albedo variations are inevitably a significant error source in 
photoclinometry. 

The noise levels characteristic of the Viking and Voyager cameras result in significant slope errors a t  
low incidence angles. The errors associated with Viking images are the largest, near 2' a t  the subspacecraft 
point a t  60' phase. The errors associated with the Galileo camera are still uncertain, primarily due to 
uncertainties in the effects of the harsh radiation environment. Using noise values characteristic of the CCD 
detector suggests that the slope error attributable to Galileo noise will be essentially negligible. For all 
images considered, errors associated with digitization and incorrect dark currents are negligible compared to 
noise errors. 
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The Martian atmosphere clearly can not be ignored when doing photoclinometry. However, with the 
help of resolved shadows (5), the contribution of the atmosphere can be estimated fairly well in many Viking 
images. The atmospheric contribution can often be estimated with less than 10% error. Fluctuations within 
a given image are small, usually much less than 5%. The errors associated with these uncertainties are less 
than lo. 

Errors due to uncertainties in the Minnaert K parameter are generally not larger than lo. However, 
for large slopes and large rotation angles, this error source can become much more significant, even a t  large 
incidence angles, where other errors sources disappear. 

Errors due to mid ignmen t  can be significant if the misallignment angle is larger than about 10'. The 
errors tend to be larger for the Minnaert function than for the Lommel-Seeliger function, and they tend to  
be smaller for lower rotation angles (scanline directions chosen parallel to lines of photometric latitude) for 
both functions. For the Minnaert function, scanlines pointing away from the sun are more accurate when 
pointing away from the photometric equator a t  a given angle than when pointing towards the equator a t  the 
same angle. 

Slope errors are usually larger for sun-facing slopes than for slopes facing away from the sun. This effect 
is generally stronger for the Lommel-Seeliger photometric function than it is for the Minnaert function. The 
errors associated with uncertaidties in the Minnaert K parameter and with scaniine misallignment both 
increase significantly with increasing slope. 

Slope errors decreasy with increkng phase angle. The optimal phase angle for photoclinometry is about 
60'. Smaller phase angles result in larger errors, while larger phase angles result in smaller adequate surface 
areas and larger geometric foreshortening. 

Slopes determined using photoclinometry contain errors from a number of different sources. The size of 
the error varies significantly depending upon the imaging system used, the lighting and viewing geometry, 
and the nature of the surface imaged. Hence, photoclinometry codes should always include error estimates 
with each topographic profile to help determine their reliability. 
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Figure 1. a) Contours of slope errors due to a 5% albedo error on Mars. b) Contours of slope errors due 
to a 5% albedo error on Ganymede. 
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