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Abstract: Volcanic ash fall-out represents a serious hazard for air and road traffic. The forecasting
models used to predict its time-space evolution require information about characteristic parameters
such as the ash granulometry. Typically, such information is gained by spot direct observation of
the ash at the ground or by using expensive instrumentation. In this paper, a vision-based method-
ology aimed at the estimation of the ash granulometry is presented. A dedicated image processing
paradigm has been developed and implemented in LabVIEW™. The methodology has been vali-
dated experimentally using digital images and the accuracy of the image processing paradigm has
been estimated.

Keywords: volcanic ash; ash fall-out; ash granulometry; granulometry classification; vision-based
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1. Introduction

The ash fall-out phenomenon following the explosive activity of volcanoes represents
a considerable factor of risk for people’s health and a serious hazard for air traffic, includ-
ing potential damages on aircraft components [1-3], flight safety issues and operational
disruption and physical damage at airports. In many cases the consequence of the ash fall-
out is the flight cancellations or temporary closures of the airport for hours to weeks with
inconvenience for passengers and loss of profit for airlines and airport operators.

Different techniques have been used worldwide to alert airports of volcanic activity.
Real-time monitoring of explosive volcanoes by seismic and infrasonic instruments [4-6],
forecasts of ash dispersion and deposition [6, 8] and detection of approaching ash clouds
using high-cost instrumentation typically based on satellites [9], X-Band dual-polarization
radars [10], ground Thermal InfraRed camera (TIR) [11] or ground-based Doppler radar
[12] and vision systems [13, 14], laser diffraction and image processing techniques [15],
are some examples of adopted solutions. Although these solutions provide accurate infor-
mation about the volcanic activity and ash fall-out phenomenon, they are expensive, dif-
ficult to be installed and maintained and provide information with a low degree of spatial
resolution (typically they are used to perform spot measurements). Moreover, to provide
a reliable support for aeronautical authorities, the forecasting models used to predict the
time-space evolution of the ash fall-out phenomenon, should be supplied by spatially dis-
tributed information about characteristic parameters of the ash fall-out such as ash gran-
ulometry and flowrate in addition to weather conditions. In this framework a distributed
Wireless Sensor Network (WSN) of low-cost monitoring stations would represent a suit-
able solution in performing a continuous monitoring and gaining a high spatial resolution
awareness of the ash fall-out phenomenon.

Within the framework of the SECESTA project [16], aimed at the development of an
early-warning wireless network of low-cost multi-sensor nodes for the measurement of
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typical parameters of volcanic ash fall-out phenomenon (flowrate and granulometry)
providing a spatially distributed information, authors have developed low-cost sensing
methodologies to gain information about the selective presence of volcanic ash, its aver-
age granulometry and flowrate [17, 18].

In this paper, a novel vision-based methodology aimed at the investigation of the ash
granulometry is presented. The image processing paradigm has been developed and im-
plemented in LabVIEW™,

2. The proposed approach

The focus of this paper is mainly related to the image processing methodology
adopted to perform particles detection and analysis. Aspects related to the image acquisi-
tion system will not be developed through this work.

The measurement approach proposed is based on the image processing of pictures
of deposited ash grains, ideally on a white background, in order to maximize the contrast
of the image.

The detailed operation of the image processing algorithm is described by the flow
chart shown in Figure 1. The sequence of image processing steps is described below:

- Openimage.

- Image inversion: inverts the pixel intensities of the image to compute the nega-

tive image.

- Threshold: computes the optimal threshold value for an image and applies the
computed threshold.

- Reject border eliminates particles that touch the border of an image.

- Particle analysis: returns the number of particles detected in a binary image and
a 2D array of requested measurements about the particle, with particular regards
to the perimeter and area estimation. To such aim the paradigm estimates the
number of pixels per each particle.

- Count objects: locates, counts, and measures objects in a rectangular search area.
This block uses a threshold on the pixel intensities to segment the objects from
their background.

- For each identified element in the picture the algorithm finds some particle fea-
tures such as the smallest bounded rectangle (minor-major axes). aspect ratio and
elongation factor, allowing to estimate the shape of the detected particle. Ob-
tained results are stored for further processing.

The image processing paradigm sketched in Figure 1 has been implemented in Lab-

VIEW™., The front panel of the Virtual Instrument (VI) developed, showing the processed
image achieved with real volcanic ash particles is shown in Figure 2.
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Figure 1. Flow chart of the image processing algorithm.
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Figure 2. The front panel of the LabVIEW™ VI showing the processed image of a set of real vol-
canic ash particles.

3. Assessment of the image processing paradigm

The image processing paradigm has been assessed by providing the VI with refer-
ence digital images, made of objects of known dimensions (in pixels), and analyzing fea-
tures estimated by the algorithm. Two examples of test images used during the assess-
ment phase are shown in Figure 3a, b respectively.

The residuals between nominal and estimated values of area, perimeter, major and
minor axis of samples in the test images have been used to assess the performance of the
developed algorithm.

Results in terms of mean values and standard deviations of above defined perfor-
mance indexes estimated for the particle factors (perimeter, area, major and minor axis)
and for each object in test images are reported in Figure 4. Achieved data show that the
most suitable index of the methodology reliability is the estimated area. The worst case
computed as the maximum relative residual between the nominal and estimated area,
through the whole set of considered samples results in an uncertainty of 1.8%.
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Figure 3. Two examples of test images used for the assessment of the image processing
paradigm: (a) reference picture and (b) rotated picture.

4. Conclusions

In this paper a computer vision-based methodology for the automatic estimation of
characteristic parameters of volcanic ash particles has been reported. The image pro-
cessing paradigm developed takes pictures of deposited ash grains as input, and estimates
geometric features, such as major and minor axes, perimeter, area and aspect ratio of all
the particles contained in the image, which are stored in a file for further elaborations. The
proposed methodology has been implemented as a LabView™ tool and assessed by
means of reference digital images. The performance of the developed algorithm, esti-
mated by taking into account the residuals between nominal and estimated values of sam-
ples’ features in the test images, confirm the suitability of the adopted approach.
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Figure 4. Results obtained for the test images, in terms of mean values and standard deviations of the perfor-
mance indexes organized by each particle factor (a=reference and b=rotated) and by object type (c=reference and
d=rotated). Results are given in pixel. Legend: S = square, R = Rectangle, C = Circle, E = Ellipse.
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