|‘ Pyplis* [ A Python based software package for the analysis of volcanic SO2 emissions using UV SO2 cameras
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A Easy Setup Of Vva r|ous data formats and camera SpeC|ﬁcat|OnS UV SO2 cameras have become a common tool for monitoring SO2 emission rates from volcanoes. The latter are inferred based on plume Optical densities The plume velocity is RPN S,
. ] ) measured in two UV wavelength windows around 310 nm (distinct SO2 absorption, “on-band”’) and 330 nm (weak SO2 absorption, " off-band ™). The retrieved from a time-series . . .

A\ Detailed 3D geome"'cal calculations data analysis comprises geometrical calculations, the retrieval of plume background intensities and the camera calibration as well as the retrieval of images based on the cross corre- A

A Routine for image based correction of the signal dilution effect of gas velocities within the plume. Emission rates are then retrieved by integrating a projected plume cross section (PCS, e.g. a straight line lation lag between the integrated- 519

crossing the plume). column-amountiie el U Fig. 7: Result of cross correlation method

C - : : : i tions (e.g. [4], cf. Fig. 7). howing ICA time-series of the bl d ma-
A Flexible options for retrieval of plume background intensities Pyplis is a cross platform, open source software toolbox for the analysis of UV SO2 camera data written in Python. The software ;e(:‘\:gTi?\es in:;::t:zr;ﬁs;gots (ebelzsv;n ma

A Engines for automised cell and DOAS calibration comprises a comprehensive selection of algorithms based on the most commonly used analysis methods, and furthermore,
including recent developments and newly developed methods.

Fig. 8
Infobox 7 | Optical flow
Here, we present the main features of Pyplis using an exemplary dataset recorded at Mt. Etna, Italy, on 16 Septem- Optical flow (OF) algorithms [T,
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" UNIK A Optical flow and cross correlation based plume velocity retrievals

UNIVERSITY GRADUATE

CENTER A\ Simultaneous emission rate retrievals for multiple retrieval lines ber 2015. Pyplis is freely available and can be downloaded from the website together with an extensive coll- detect motion in consecutive frames

ection of example scripts, providing an easy start into Pyplis. The Etna example data is freely accessible ?Ilowmg o .Of gas velocities R 8
on pixel-level (e.g. [5]). An estimate of the gas

velocity within low contrast image regions (where
the OF algorithm fails to detect motion) can be inferred

on the website.
* due to a naming conflict, the software was renamed from piscope to pyplis

based on distinct peaks in histograms calculated from the op-

tical flow field (Fig. 8). Pyplis includes an implementation of the | R e
Farnebéck optical flow algorithm [6]. i
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/\ Measurement geometry and signal dilution correction

Fig. 8: Exemplary Farneback optical flow field (left) including histograms of the flow L 2 4 6 8 io
vector orientation angles (middle) and magnitudes (right) for two different ROIs around the 1| [pix]

Fig. 1 Infobox 1 | Geometrical calculations indicated PCS lines (blue, orange).
(a) SoUrEE Plume distances (required for emission rate retrieval) are retrieved on a pixel-level based on camera coordi-
j nates and plume azimuth. More features include:

- Retrieval of camera viewing direction using distinct features in the images (e.g. volcano summit)
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- Retrieval of distances to local terrain features in the images on pixel-level (see Fig. 1)

Fig. 1a: 3D terrain map of the measurement setup including 2 topographic profile lines (green
and magenta, defined in the image, cf. Fig. 1b) used for the signal dilution analysis (Fig. 2)

Fig. 1b: Exemplary on-band (310 nm) image. Due to SO2 absorption the Etna plume
appears darker than the sky background. Measured intensities along the two indi-

cated lines are used to estimate the scattering extinction (cf. Fig. 2). Equation 5 | Emission rate integral

®(L) = f7' ) Ssoa(m) - (v(m) - 7) - dp(m) - As(m)

Equation 1 | Atmospheric scattering model Infobox 2 | Image based correction for the signal dilution effect
Lneas(A) = ]O()\)e—e(k)d +14(N) (1 _ e—e(A)d) Distant terrain features appear brighter (cf. lines in Fig. 1b). This is due to
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E Fig. 2: Retrieval of extinction coefficients ness values measured along suitable terrain features 9 4 o . | 3 ".“;'1,""\ !
& (000 STLAC N W — e e s Exemplary dilution analysis (cf. Infobox 2) using the in the images (cf. Fig. 1). The required distances to SSO - SO (ZC Y Z)dS Infobox 8 | SO2 emission rate analysis 4
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@  Fit:1,=399.8 DN, ¢ = 0.0769 km' two topographic lines shown in Fig. 1, resulting in an these features can be retrieved automatically in 2 - 2 Emission rates are retrieved from calibrated SO2-CD images using Eq. 5. The integration can  \Velon e e e Flov (il [ehed :
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S5 . - : - - o on-band extinction coefficient of 3,0 = 0.0769 km. Pyplis (cf. Infobox 1, Fig. 1). be performed along linear plume intersections (see e.g. Fig. 6). Plume distances are calcula 2 ~~~ Velo: Farneback opt. flow (raw)
Distance [km] S50y SO5 — column density (CD) ted from the measurement geometry (see Infobox 1). Gas velocities can either be retrieved . — Velo: s correlatloné (const = 4.6 m/§) B |
¢ :  photontrajectory using an optical flow algorithm or using signal cross correlation (cf. Infoboxes 6 & 7). | | | | . 6

€S04 : SO2 concentration distribution

Fig. 9: Etna emission rates 451'3'
. . e Time series of Etna emission rates (top) and effective gas velocities (from optical flow analysis) E
A P I u m e b a c kg r O u n d a n a I ys I S ifeloia: | Cell calipration D - W e ; | ‘ for the blue retrieval line shown in Figs. 6 & 8 (aged plume). The emission rates were calcu- . 4 LA S ey 3._q._
The camera calibration (conversion of lated from dilution corrected SO2-CD images using 1. velocities retrieved from the cross e e g 2 0

ODs into SO2-CDs (see Eq. 4) can be per- i correlation analysis (magenta), 2. the optical flow raw output (blue dashed) and 3. the S —— - T 1

Equation 2 | Optical density (OD) Infobox 3 | Calculation of optical density (OD) images formed by consecutively placing a number )i optical flow data including a histogram based correction within low contrast image . . . _p
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curve (cf. Fig. 5) is retrieved from cell AA images and 0 O BG image candidates |

directly (by fitting a 2D polynomial to clear sky areas, cf. Fig. 3a) or using a sky

reference |ma.ge Yvhlch is scaled usmg a gas free sky area |n.the plume image the corresponding (known) SO2-CDs of the cells. I E‘Ei?ii‘éé‘?lﬁ:?""" | | |

(cf. scale_rect in Fig. 3). The latter may include further corrections to account N - 1 . S A
for variations in the sky background curvature between the two images

I : measured plume intensity
Ig : corresponding background intensity

Equation 3 | SO2 apparent absorbance (AA)

A Links and Downloads

TAA = Ton — Toff (cf. Fig 3b). Fig. 4: Automatic cell search algorithm
Time series of average pixel intensities from on-band images (dashed P . . . .
@;,, Mask (b) .. line) including automatically detected time windows of individual cells Website: http://pyplis.readthedocs.io/en/latest/index.html
. e ool Wt bt AL " based on a gradient analysis of the signal. Source code (Github): https://github.com/jgliss/pyplis
0 7 e, oo | Fig.5 (left): Cell and DOAS calibration curves PyPi: https://pypi.python.org/pypi/pyplis
| oo Exemplary AA cell (magenta) and DOAS calibration data (green) including fitted

- Fit result
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Infobox 5 | DOAS calibration ~— aged_plume Figure showing a calibrated
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Fig. 3: Exemplary optical density images




