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AUTOMATED DETECTION AMD MEASUREMENTS OF SMALL VOLCANOES 
ON VENUS. C.R. wiles12 and M.R.B. ~orshaw~,  'university of London Observatory, Department of 
Physics and Astronomy, University College London, London NW7 2QS, UK. 2~mage Processing Group, 
Department of Physics and Astronomy, University College London, London WClE 6BT, UK. 

We present a preliminary statistical analysis, obtained with an automatic template matching algo- 
rithm, of the small volcanic features on Venus. In addition, the accuracy and errors inherent in both 
automated and visual measurement of such features are compared. 

Radar image data from both the Magellan and Venera 15/16 spacecraft have revealed that small 
volcanoes are a prevalent feature on the venusian surface. These edifices, which are predominantly low 
shield volcanoes ~ 1 5 k m  in diameter (but also include domical and conical constructs), have already been 
extensively described by several earlier workers (eg. [l-7). 

The abundance of these small features indicates that volcanism has been a fundamentally important 
geological process on Venus [7,8]. The fact that they are also extremely widespread, occurring in virtually 
every Magellan mosaic, makes the small volcanoes an important statistical tool for studying Venus' geologi- 
cal history and evolution. Measuring their global population, spatial distribution and sizdfrequency dismbu- 
tion would provide important information about the formation of the crust; the relation of volcanism to 
regional tectonism; and, consequently, the mantle processes and mechanisms of heat-flow through the litho- 
sphere. Additionally, a study of the variations in morphological type would allow inferences to be drawn 
about eruption conditions, thus constraining the possible magma compositions at various locations on the 
planet [6,8]. 

However, there are two obstacles to making such detailed, global measurements. First, from previ- 
ous work it is estimated that the global population of small volcanic features on Venus is of the order of 5 x 
106[4]. Making detailed visual measurements of such a large number of objects would be extremely time- 
consuming and prone to error. Second, the volume of data being obtained by Magellan is vast. During its 
first 8-month cycle of mapping the spacecraft returned 3 x 10'' bits of data 193. In terms of image data, 
approximately 10 Gb have been processed into threefold-reduced-resolution mosaics (image data covering 
the entire planet at full-resolution are not being produced immediately [lo]). This figure is increasing 
steadily as Magellan continues its successful mapping operations. 

It is thus desirable for a consistent, automatic method of identifying and measuring the small vol- 
canoes to be developed. Such techniques, generically referred to as 'pattern recognition', require the use of 
powerful computers with sufficient storage to hold the digital image data. 'Template matching' (or 
'matched filtering') is a method that is frequently used to locate a given class of small objects in an image 
(in this case small volcanoes in image mosaics). The method involves obtaining a small image, or 'tem- 
plate', containing a prototypical example of the type of feature that is being searched for in the larger 
image, or 'scene'. The template is then scanned over the scene and at each position a similarity measure is 
evaluated between the template and the portion of the scene that it is masking. If this similarity exceeds a 
threshold value then that location within the scene contains a feature which matches the template. 

The synthetic aperture radar (SAR) imagery that Magellan obtains, poses particular problems for 
such methods. Since they are produced from coherent microwave illumination, SAR data suffer from an 
inherent source of noise known as 'speckle', which gives them a grainy texture [ll]. The implication of 
this for template matching is that a statistically robust algorithm, which is insensitive to noise, must be used 
[121. 

In addition, the variable imaging geometry which Magellan uses means that the appearance of a 
given feature in the SAR can vary sigdicantly depending on its latitude [lo]. The task is further compli- 
cated by the wide range of morphological types exhibited by the small volcanoes and their associated 
features (eg. summit pits and lava aprons [4,6-81). For each morphological class a different template is 
required, although this does permit separate measurements to be obtained for the different volcanic types. 

The problem of automatically detecting the small volcanoes in the Magellan SAR data is therefore 
somewhat demanding. Despite the use of powerful computers, the number of calculations necessary to per- 
form robust template matching can mean that several minutes of processing time are required to scan a rela- 
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tively small scene (eg a 512 x 512 pixel image). The procedure is also lengthened by the need to make 
several scans of each image, in order to detect a range of edifice sizes. Nevertheless, this process is still 
much faster than making the equivalent visual measurements. 

The small volcanoes are typically 34km in diameter [5,8] and since the full-resolution Magellan 
images have a 75m pixel spacing [lo], the average size of a volcano in the SAR data is roughly 40-50 pix- 
els. The time taken to match an image with a template varies as the square of the template size, so it is 
advantageous to use small sized templates. 

Approximately 75% of the small volcanoes on Venus possess summit pits (with multiple pits occur- 
ring only rarely) [5]. Because they have high visual contrast, summit pits are often discernible at sizes of 
about 5 pixels, though they are typically about 10 pixels across (with some having diameters of 20 pixels or 
more). This means that they can be matched much more rapidly than can the much larger complete 
edifices. For these reasons it was decided to concentrate initially on identifying, sizing and counting small 
volcanic pits. 

Of prime consideration is the absolute accuracy of the template matching technique. Despite their 
generally small size, summit pits show a surprising degree of variation in their appearance. This, together 
with the speckle noise, means that the automated method is unable to perfectly recognise all pits in a given 
scene. 

There are two types of error to which all forms of feature identification are subject the 'failure 
rate' (ie. what fraction of real features were missed) and the 'false alarm rate' (ie. how many features were 
wrongly identified); for example short sections of some lineaments can appear similar to the smaller summit 
pits and cause a false alarm. (In expressing results the success rate, rather than the failure rate, is quoted 
with its corresponding false alarm rate; a 'perfect' result being 1.0 and 0.0). Preliminary results with sum- 
mit pits indicate that success rates as high as 0.7-0.9 can be achieved with false alarm rates of 0.1-0.15. 

The lack of ground truth forces a dependence upon uncalibrated human observations against which 
to compare the technique. An assessment of the human ability to identify small pit-like features in the pres- 
ence of speckle noise is therefore required. Hence this work also includes the results of a quantitative 
investigation into the ability of humans to identify such objects. These experimental results have two 
consequences: 

1) they indicate what corrections might need to be applied to earlier results obtained using visual 
counting methods; 

2) in the absence of actual ground truth data, they permit a quantitative comparison to be made 
between the visual and automatic counting techniques. 
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