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MCALF: Multi-Component Atmospheric Line Fitting

MCALF is an open-source Python package for accurately constraining velocity
information from spectral imaging observations using machine learning technigues.

GitHub

Conor MacBride github.com/ConorViacBride/mcalf
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Documentation
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Method & Proof of Concept

Description of the method behind the mcalf.models.IBIS8542Model class
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Intensity

Multiple spectral components
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—— observation absorption line core
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—— observation absorption line core
combined profile ~ ----- emission line core
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Doppler velocity plots
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APl Overview

An overview of the methods and functions provided by MCALF



- mcalf

mcalf. models — classes for fitting spectra & storing results

mcalf. profiles — functions that model spectra
mealf, profiles. voigt
mealf, profles. gaussian

mcalf visualisation — functions to visualise results

mealf. utils
mcalf.utls spee — functions for processing spectra
mcalf.utls. smooth — functions for smoothing n-dimensional arrays
mcalf.utls. mask — functions for masking the input data to limit the region computed
mcalf.utls. plot — functions for helping with plotting

mcalf utls.misc — miscellaneous utility functions



mcall. models: Using a model

model = mcalf.models.IBIS8542Model(...) 1. initialise model
model.load_array(...) 2. load spectra
model.train(...) 3. train classifier
model.test(...)

result_list = model.fit(...) 4, fit spectra
results = mcalf.models.FitResults(...) 5. merge results

for fit in result_list:
results.append(fit)

results.save(...) 6. save results



Mcall. models: Class inheritance

ModelBase — IBIS8542Model | fit()

FitResult [~~~

FitResults [ append()




Mcall. models: Basic model subclass

from mcalf.models import ModelBase, FitResult

class Model(ModelBase):

def _fit(self, spectrum, classification=None, spectrum_index=None):

def

# Use "classification to define fitting method

# Apply fitting method to "spectrum
fitted_params = ...

fit_info = {
‘classification': classification, 'index': spectrum_index,
‘success': ..., 'profile': ..., 'chi2': .

¥

return FitResult(fitted_params, fit_info)

B;:E(Se-l.f, cea )l } optional



Mcalf visualisation

- mecalf visualsation.bar(...) — bar chart of classification abundances //' -
%

- mealfvisualsation. plot_class_map(...) — 2D map of classifications
- medlfvisualsation. plot_classifications(...) — spectra grouped by classification ——— | e el

- mcalf.visualisation.init_class_data(...) — precompute classification plotting data ' U :

- mealf.visualisation. plot_ibis8542(...) — IBIS8542Model.plot(...) R

8541 8542 8543

q '.; F-'—“' ‘ Wavelength (A)
.

- mecalf visualsation. plot_spectrum(...) — spectrum with wavelength grid \

- mecalf visualsation. plot_map(...) — 2D velocity map — f




mcalf. visualisation: Example Gallery
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https://mcalf.macbride.me/en/stable/gallery/

MCALF Publications

PHILOSOPHICAL TRANSACTIONS OF THE ROYAL SOCIETY A | JUL 2020

Accurately constraining velocity information from spectral
imaging observations using machine learning techniques

MacBride, CD; Jess, DB; Grant, SDT; Khomenko, E; Keys, PH;
Stangalini, M

JOURNAL OF OPEN SOURCE SOFTWARE | MAY 2021
MCALF: Multi-Component Atmospheric Line Fitting
MacBride, CD; Jess, DB



From the Example Gallery:.

Working with IBIS data

This example shows how to initialise the
mcalf.models. IBIS8542Model class with
real IBIS data, and train a neural network classifier.
We then proceed to fit the array of spectra
and visualise the results.

https://mcalf.macbride.me/en/stable/gallery/models/plot ibis8542data.html



https://mcalf.macbride.me/en/stable/gallery/models/plot_ibis8542data.html

Infrastructure

An overview of MCALF’s DevOps methods and services



Testing
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Documentation

& User Documentation
Instalation
Testing
Getting Started
Contributing
Citation

Uicense

Example Gallery

Code Reference

£ Read the Docs

» mcall. macbrde me v M +
# » User Documentation O Edit on GitHub
User Documentation
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MCALF is an open-source Python package for
accurately constraining velocity information from
spectral imaging observations using machine
learning techniques.

This software package is intended to be used by
solar physicists trying to extract line-of-sight (LOS)
Doppler velocity information from spectral imaging
observations (Stokes | measurements) of the Sun. A
'toolkit’ is provided that can be used to define a
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Read the Docs
Sphinx
- Sphinx-Gallery
- astropy / sphinx-automodapi



Future

How MCALF can be improved and developed
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