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1. pyCID: Metis quick-look python tool

2. Metis scientific analysis with Python
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pyCID

e pyClID is a quick-look GUI tool for visualization and validation of Metis data of
different types (images, light curves) and levels (LO, L1 and L2)

e Inspired by more sophisticated IDL tool iCID (Coronal Image Display) = see
S. Giordano’s talk

e Available at Metis GitLab: https://www.ict.inaf.it/qitlab/metis/utilities/pycid
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pPyCID: main features

1. Quick data visualization (pB)

pyCID v1.3.6.20231031
Clear All Show EVAL

Data Directory: /Volumes/TOSHIBA_EXT/My_Docs/Work/Work_UniPD_INAF/Solar_Orbiter/Metis/data/MOF/STP208/L2_selected
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pPyCID: main features

1. Quick data visualization (UV)

f o ® pyCID v1.3.6.20231031
Clear All Show EVAL
Data Directory: /Volumes/TOSHIBA_EXT/My_Docs/Work/Work_UniPD_INAF/Solar_Orbiter/Metis/data/MOF/STP208/L2_selected
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pPyCID: main features

2. Running difference

o0 @ Running difference for solo_L2_metis-vl-tb_20220322T050901_V01 fits
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solar.orbiter,

pPyCID: main features

3. Image enhancement

MGN and NRGF filters from SunPy affiliated package “sunkit-image”

solo_L2_metis-vl-pb_20220622T140501_VO1.fits solo_L2_metis-vl-pb_20220622T140501_VO01.fits
Session Number: 217302, DIT: 30000 [ms] Session Number: 217302, DIT: 30000 [ms]
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Session Number: 217302, DIT: 30005[ms]
1000 »

1000

1000

]

800 800
600 600 600
T T T
% £ %
o a O EREEe——— T
> > >
400 400 400
200 200 200
) 0 T T )
0
X pixel

600 1000
X pixel

X pixel

Original pB pB with MGN pB with NRGF
image

A. Burtovoi - Python Software for Metis



Agenzia
le ISTITUTO NAZIONALE
DI ASTROFISICA

NATIONAL INSTITUTE
FOR ASTROPHYSIGS

Italiana

solar.orbiter,

pyCID: data validation

4. Data validation

f o ® pyCID v1.3.6.20231031
Clear All Show EVAL
Data Directory: /Volumes/TOSHIBA_EXT/My_Docs/Work/Work_UniPD_INAF/Solar_Orbiter/Metis/data/MOF/STP208/L2_selected

solo_L2_metis-uv-image_20220614T104 [128, 128], size=300 -
solo_L2_metis-vl-image_20220614T1045 solo_L2_metis-uv-image_20220614T171524_VO1.fits
solo_L2_metis-vI-image_20220614T104¢ Session Number: 216526, OBJ_CNT: 1, DIT: 59967 [ms] 1e9
solo_L2_metis-vl-image_20220614T1046 250 TE—"
solo_L2_metis-vl-tb_20220614T131501 |
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solar.orbiter,

yCID: data validation

4. Data validation =» release_global.csv (published at the Metis web-page)

FILENAME OBT_BEG SESS_NUM IS _CORRUPTED DOOR CLOSED VL BIAS IS DARK CME STAR PLANET DEBRIS COMET SEP 1 PUBLICATION EVALDATE EVALUSER
solo_L2_metis-uv-image_20220612T163525_VO1.fits 708366801.3821259 216321 | False False False False False |True False False False False 47 Lib, HD142883, delta Sco, nu Sco 2024-01-07T21:14:31  aburtovoi
solo_L2 metis-uv-image_20220612T180525_VO1.fits 708372201.3434906 216321 | False False False False False | True False False Faise False 47 Lib, HD142883, delta Sco, nu Sco 2024-01-07T21:16:34  aburtovoi
solo_L2_metis-uv-image_20220612T193525_VO1.fits | 708377601.3048401 216321 | False False False False False True False  False  False | False HD142883, delta Sco, nu Sco 2024-01-07T21:16:45 aburtovoi
solo_L2_meti: image 1523 VO1.fits 1259003 216326 | False False False False False | True False False False False HD142883, delta Sco, nu Sco 2024-01-07T21:16:54  aburtovoi
solo_L2_metis-uv-image _VO1.fits | 708388999.0874481 216326 | False False False False False True False  False  False | False HD142883, delta Sco, nu Sco 2024-01-07T21:17:25 aburtovoi
solo_L2 meti: image _VO1.fits 70839 8832855 216327  False False False False False | True False False False False HD142883, delta Sco, nu Sco 2024-01-07T21:17:30  aburtovoi
solo_L2_metis-uv-image _VO1.fits | 708392292.8811798 216327 | False False False False False True False  False  False | False HD142883, delta Sco, nu Sco 2024-01-07T21:17:43 aburtovoi
solo_L2_meti image _VO1.fits 8790741 216327 | False False False False False | True False False Faise False HD142883, delta Sco, nu Sco 2024-01-07T21:17:47  aburtovoi
solo_L2 metis-uv-image_20220612T235016_VO1.fits 708392892 8769836 216327 | False False False False False True False  False  False | False HD142883, delta Sco, nu Sco 2024-01-07T21:17:52 aburtovoi
solo_L2_meti image 1502_VO1.fits 78.2192078 216405 False False False False False | True False False False False HD142883, delta Sco, nu Sco 2024-01-07T21:17:55  aburtovoi
solo_L2 metis-uv-image_20220613T051501_VO1.fits 708412377.6537933 216410 | False False False False False | True False  False  False | False HD142883, delta Sco, nuSco 2024-01-07T21:17:59 aburtovoi
solo_L2 metis-uv-image_20220613T064501_VO1.fits | 708417777.6156311 216410 False False False False False | True False False False False HD142883, delta Sco, nu Sco 2024-01-07T21:18:02  aburtovoi
solo_L2 metis-uv-image_20220613T091500_VO1.fits 708426776.9864655 216415 | False False False False False | True False  False  False | False HD142883, delta Sco, nuSco 2024-01-07T21:18:04 aburtovoi
solo_L2 metis-uv-image_20220613T104500_VO1.fits 708432176.9477539 216415 False False False False False | True False False False False HD142883, delta Sco, nu Sco 2024-01-07T21:18:18  aburtovoi
solo_L2 metis-uv-image 20220613T131530_VO1.fits 708441206.3227234 216420 | False False False False False | True False  False  False | False HD142883, delta Sco, nuSco 2024-01-07T21:18:24 aburtovoi
solo_L2_meti: image 144530_VO1.fits 2837067 216420  False False False False False |True  False False False False HD142883, delta Sco, nu Sco 2024-01-07T21:18:29  aburtovoi
solo_L2 metis-uv-image 171529 VO1.fits  708455605.4716339 216425 | False False False False False | True False  False  False | False HD142883, delta Sco, nu Sco 2024-01-08T12:25:28  aburtovoi
solo_L2_meti: image_: 184529_VO1.fits 461005.4326477 216425 False False False False False |True False False False False HD142883, delta Sco, nu Sco 2024-01-07T21:18:36  aburtovoi
solo_L2 metis-uv-image 20220613T211528 VO1.fits 708470004.5825195 216430 | False False False False False | True False  False  False | False HD142883, delta Sco, nuSco 2024-01-08T12:26:14  aburtovoi
solo_L2_metis-uv-image_20220613T233522_VO1.fits 708478398.3609467 216431 | False False False False False |True False False False False HD142883, delta Sco, nu Sco, HD144334, HD144844 2024-01-07T21:22:09 aburtovoi
solo_L2 metis-uv-image_20220613T234022 VO1.fits 708478698.3587952 216431 | False False False False False | True False  False  False | False HD142883, delta Sco, nu Sco, HD144334, HD144844 2024-01-07T21:23:13  aburtovoi
solo_L2 metis-uv-image 20220613T234522 VO1.fits 708478998 3566437 216431 | False False False False False | True False  False  False | False HD142883, delta Sco, nu Sco, HD144334, HD144844 2024-01-07T21:18:45 aburtovoi
solo_L2_metis-uv-image_20220613T235022 VO1.fits 708479298.3544769 216431 | False False False False False |True False False False False HD142883, delta Sco, nu Sco, HD144334, HD144844 2024-01-07T21:18:48 aburtovoi
solo_L2 metis-uv-image 1527_VO1.fits 7146912 216505 | False False False False False True False  False  False | False HD142883, delta Sco, nu Sco, HD144334, HD144844 2024-01-07T21:18:51 aburtovoi
solo_L2_metis-uv-image_20220614T031522_VO1.fits 708491598.3892212 216506 | False False False False False | True False False False False HD142883, delta Sco, nu Sco, HD144334, HD144844 2024-01-07T21:21:11  aburtovoi
solo_L2 metis-uv-image 20220614T051526 VO1.fits 708498802.7599792 216511 | False False False False False True False  False  False | False HD142883, delta Sco, nu Sco, HD144334, HD144844 2024-01-08T12:35:28  aburtovoi
solo_L2_metis-uv-image _VO1.fits 504202.7214355 216511 | False False False False False | True False  False  False | False HD142883, delta Sco, nu Sco, HD144334, HD144844 2024-01-08T12:35:42 aburtovoi
solo_L2 metis-uv-image_20220614T091526_VO1.fits 708513201.963623 216516 | False False False False False | True False False False False HD142883, delta Sco, nu Sco, HD144334, HD144844 2024-01-07T21:20:38  aburtovoi
solo_L2_metis-uv-image_20220614T104526_VO1.fits 708518601.9246674 216516 | False False False False False True False  False  False | False HD142883, delta Sco, betal Sco, nu Sco, HD144334, HD144844 2024-01-07T21:24:55 aburtovoi
solo_L2 metis-uv-image_20220614T131525 VO1.fits 708527601.0016937 216521 | False False False False False | True False False Faise False delta Sco, betal Sco, nu Sco, HD144334, HD144844 2024-01-07T21:27:02  aburtovoi
solo_L2_metis-uv-image_20220614T144525_VO1.fits 708533000.9624939 216521 | False Faise False False False True False  False  False | False deltaSco, betal Sco, nu Sco, HD144334, HD144844 2024-01-07T21:26:31 aburtovoi
solo_L2 meti image 171524 VO1.fits 1493683 216526 | False False False False False | True  False False False False delta Sco, betal Sco, nu Sco, HD144334, HD144844 2024-01-07T21:26:33 ' aburtovoi
solo_L2 metis-uv-image_20220614T184524 VO1.fits ~708547400.110199 216526 | False False False False False True False  False  False | False deltaSco, betal Sco, nuSco, HD144334, HD144844 2024-01-07T21:26:34 aburtovoi
solo_L2 metis-uv-image_20220614T203528 VO1.fits 708554004.7732239 216531 | False False False False False | True False False False False delta Sco, betal Sco, nu Sco, HD144334, HD144844 2024-01-08T712:40:03 ' aburtovoi

solo_L2 metis-uv-image_20220614T204028 VO1.fits  708554304.7710571 216531 | False False False False False | True False  False | False | False deltaSco, betal Sco, nuSco, HD144334, HD144844 2024-01-08T12:40:13 aburtovoi

solo_L2 metis-uv-image_20220614T204528 VO1.fits 708554604.7688751 216531 | False False False False False | True False False False False delta Sco, betal Sco, nu Sco, HD144334, HD144844 2024-01-07T21:28:10 ' aburtovoi
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STP193 & Download detailed report
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pyCID: data validation

4.1. Debris in Metis/VL images
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e Developmentis ongoing
e Any feedback or contribution is welcome
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Metis scientific analysis with Python
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Metis scientific analysis with Python & surpy

e \We are developing Python tools for the scientific application of the Metis
data

e Presented at the 8th Solar Orbiter Workshop in Belfast (Sep 2022)

e Jupyther notebooks and the corresponding routines are publicly available at
https://github.com/SolarOrbiterVWorkshop/solo8 _tutorials
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Metis scientific analysis with Python & surpy

1. Visualization of Metis VL and UV data by means of general tools of
matplotlib and sunpy

e Important aspects of Metis data to be aware of:
o masking the Metis field of view
o visualizing simultaneous VL and UV images of the solar corona
o using Quality and Error matrices of an image

e Define sunpy map with the Metis image

e Apply image enhancement filters

e |dentify stars/planets
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Metis scientific analysis with Python

2. Calculation and visualization of the running and base difference maps using
a sequence of sunpy maps
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Metis scientific analysis with Python

3. Calculation of the electron density profiles and K/F corona maps using

e Conversion of images from Cartesian to polar coordinates
e Calculation of electron density radial profiles and K-corona model by means of

the inversion method (Hayes et al. 2001)
o implementation of Van De Hulst (1950) method is in progress...
e Determination of the F-corona model as a difference of the total brightness

image and K-corona model

Metis pB 1e-10 Metis tB

Metis pB image (Cartesian) Metis pB image (polar)
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Metis scientific analysis with Python

4. Studying fluctuations and oscillations in a sequence of Metis images

e Studying the power spectral density in different regions of Metis FoV
e Examining the temporal-spatial coherent oscillations of the coronal structures by
means of performing the k-Omega filtering
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Metis scientific analysis with Python: conclusions

e Developmentis ongoing
e With an aim of integration of the Metis-related routines with sunpy package
e Any feedback or contribution is welcome
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