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Introduction: No instrumentation 

specifically designed to measure the topography 

of a planetary surface has ever been deployed to 

any of the giant planet satellites.  Available 

methods that exist to perform such a task in the 

absence of the relevant instrumentation include 

photoclinometry (the estimation of topographic 

slope based on surface brightness [1]), shadow 

length measurement [2, 3], and stereo imaging 

(the simulation of topography through 

combination of high-resolution images of an area 

obtained at sufficiently different viewing angles) 

[4].  Stereo imaging is generally the most 

accurate of these methods, but is subjected to 

limitations. 

The Galilean satellite Io presents a 

challenging subject for stereo imaging given that 

much of its surface is comprised of smooth 

plains, at least at the resolution of most global 

images.  Radiation noise in Galileo images can 

also complicate mapping.  Paterae and 

mountains, the only features of any considerable 

relief, exist as isolated features within these 

plains; previous research concerning topography 

measurement on Io using stereo imaging has 

focused on these features, and has been localized 

in its scope [5].  It is the ultimate intention of the 

present study to use stereo imaging to create a 

global topographic map of Io in order to 

constrain the shapes of local- and regional-scale 

features on this volcanic moon.  Applications of 

this research include investigation of how global 

heat flow varies across the planet and its relation 

to mantle convection and tidal heating [6], in 

addition to determination of the mass distribution 

within the moon [7].  This abstract discusses 

progress in one effort to create global 

topographic maps using stereo imaging and 

photoclinometry, and the issues that must be 

solved in order to achieve the highest possible 

quality for them. 

Methods: Customized ISIS software 

developed at LPI was used to create and process 

topographic maps from stereo images of six 

regions of differing scales, selected as test 

subjects for evaluation of mapping input 

parameters.  Three of the stereo pairs were 

Voyager data, and the other three were Galileo 

data.  There are various afflictions which can 

affect the topographic maps.  Localities with low 

relief commonly show extensive noise 

(comprising neighboring patches of alternating 

very high and very low pixel values), whereas 

areas comprising apparently valid data may 

display scattered null pixels (where data is 

absent) as well as jumps in elevation (typically 

>1 km) between adjacent pixels. 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 1.  (a) Detail of Voyager right-looking stereo 

image 1639016, centered at 7.85°S, 276.93°W, with 

part of Boösaule Montes located in the lower-right 

corner.  (b) Topographic map of the same area, 

obtained with box 1 set to 40 and box 2 set to 5.  (c) 

Topographic map of the same area, obtained with box 

1 set to 40, box 2 set to 15 and with the original stereo 

images having been processed with a boxfilter set to 5.  

Red lines in each image indicate the path of the 

profiles in Fig. 2. 
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Fig. 2.  Comparison of topographic profiles across a 

topographic rise located to the west of Boösaule 

Montes (profile starts at 5.16°S, 279.97°W, and ends 

at 5.35°S, 276.83°W).  Blue profile has been created 

with box 1 set to 40 and box 2 set to 5; red profile has 

been created with box 1 set to 40, box 2 set to 5, and 

with the original stereo images having been processed 

with a boxfilter set to 5. 

 

The quality of the map that is produced 

depends on values that are chosen for the input 

parameters; those that were varied include the 

following: 

 The program determines topographic 

relief by defining a square (box 1) centered 

around a pixel in one of the stereo images and 

identifying the matching pixel and its associated 

offset based on the configuration of the pixels 

within the same square in the second image.  

This is performed on each pixel within the stereo 

image, and the process is then repeated with a 

smaller square (box 2), which refines the results 

of the first pass and defines the resolution of the 

final map.  Box 1 dimensions ranging from 13 to 

40, and box 2 dimensions ranging from 3 to 15, 

were tested. 

 The step function controls whether the 

program performs a single pass over the stereo 

images with box 2 (full step) or performs two 

passes with box 1 and box 2 and averages their 

results for each pixel (half step). 

 The equation order is the order of the 

polynomial equation used in determining the best 

fit in the scene-matching phase.  Equation orders 

of values 1 and 2 were tested. 

 Applying a boxfilter to the stereo 

images, which acts to smoothen high contrast 

features, including noise.  For each pixel within 

the image, the boxfilter defines a square of a 

chosen dimension around the pixel, averages all 

the pixel values within the square and uses the 

average for the central pixel.  Maps created with 

stereo images that had been processed with a 

boxfilter with a dimension of 5 pixels were 

compared with maps created using unfiltered 

stereo images. 

Results: The effects of the parameter 

changes have been found to be consistent 

between localities and datasets.  The observed 

effects are as follows: 

 Increasing both box sizes has the effect 

of smoothening the topography and reducing the 

frequency of the large elevation gradients that 

can afflict the data.  In addition, the size of noisy 

areas tends to be reduced by increasing the box 

sizes. 

 Setting the step size to full instead of 

half has the effect of overlaying patches of noise 

with high pixel values across the map. 

 Setting the equation order to 2 instead 

of 1 has the effect of replacing many pixels with 

null pixels.  Most of the pixels replaced are in 

noisy areas, but some fraction is also in areas 

otherwise displaying valid data. 

 A map produced using filtered stereo 

images displays smoothened topography relative 

to one created with unfiltered images, although 

steep elevation gradients are still a common 

occurrence. 

For comparison, Fig. 1 displays details of 

separate maps of the same area (shown in Fig. 

1a) that were created using different input 

parameters.  Profiles drawn across both maps are 

displayed in Fig. 2.  The extent to which the 

topography is smoothened by the varied 

parameters is evident in both the maps and 

profiles; the map in Fig. 1b has a more ‘grainy’ 

quality relative to that in Fig. 1c, while the blue 

profile in Fig. 2 shows many more extreme 

peaks and troughs relative to the red profile.  

Given the minimal relief across large swaths of 

the surface of Io, maps displaying the smoothest 

topography are regarded to be the most reliable; 

steep elevation gradients exceeding a kilometer 

over small lateral scales (several km to a few 

tens of km) are not realistic based on observation 

of the original stereo images.  Preliminary digital 

elevation mosaics, including photoclinometry 

results, will be presented at the conference. 
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