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Retrieve Coronagraph Observations
• Retrieve Coronagraph observations around 

the date of the 2017 solar eclipse, including
• MLSO K-COR white-light pB observations 

(ground-based)
• STEREO COR-1 white-light pB observations 

(spaceborne)
• Can extend to include additional sources 

Generate Synthetic pB Images 
• Use FORWARD model with PSI output to 

generate synthetic pB images using plasma 
density parameters

• Retain Magnetic field parameters generated 
from PSI model

• Could use other models/synthesis tools 

QRaFT
• Trace features in COR-1, K-COR observaSons 

and syntheSc pB images
• Approximate feature orientaSons as 

polynomials and retain orientaSon angles of 
each feature

• Could use other feature tracers

Compare to Model
• Calculate angle discrepancy between

• Features traced in MLSO K-COR 
observa>ons

• Features traced in synthe>c pB images
• expected magne>c orienta>on 

generated by model

Validation Framework: Overview



Coronal magnetic field in a global MHD simulation vs observed density structures 
(Predictive Science Inc. / MAS model)

Mikić, Z., Downs, C., et al. 2018. Predicting the corona for the 21 August 2017 total solar eclipse. 
Nature Astronomy 2, 913–921. https://doi.org/10.1038/s41550-018-0562-5



Illustration of the main 
processing steps of QRaFT. 

(a) The original image (a Level 1 
K-Cor image recorded at 
2016/05/27 16:55:33). 
(b) The unsigned first-order 
azimuthal detrended difference 
in rectangular coordinates. 
(c) The second-order difference 
in polar coordinates. 
(d) The image features detected 
in the 2nd-order differenced 
image using a percentile-based  
thresholding. Colors are picked 
at random to simplify visual 
comparison.

Quasi-Radial Field Line Tracing (QRaFT) method of segmenting coronagraph images

V. Uritsky. Quasi-Radial Field-line Tracing (QRaFT v2.0): an 
image analysis package for reconstructing the magnetic field 
geometry of the open-flux solar corona, GitHub / Zenode, 2022, 
URL: github.com/uritsky/QRaFT,  DOI:10.5281/zenodo.7410948
.

https://gcc02.safelinks.protection.outlook.com/?url=http%3A%2F%2Fgithub.com%2Furitsky%2FQRaFT&data=05%7C01%7Cshaela.i.jonesmecholsky%40nasa.gov%7C1372c11098ac482718e708dad8811bd0%7C7005d45845be48ae8140d43da96dd17b%7C0%7C0%7C638060346287665835%7CUnknown%7CTWFpbGZsb3d8eyJWIjoiMC4wLjAwMDAiLCJQIjoiV2luMzIiLCJBTiI6Ik1haWwiLCJXVCI6Mn0%3D%7C3000%7C%7C%7C&sdata=ytDk5Thojdmh5NKIKyZaotx4bSSwpvKcTNvExzEnoDs%3D&reserved=0


• COR-1
• White-light coronagraph aboard STEREO A

• Sequen+al polarized images combined to 
record polariza+on brightness
• Reveals K-Corona
• Illuminated by Thompson scaAering of 

free coronal electrons
• Able to analyze mul+ple methods of image 

processing
• Image Stacking and Averaged over 30 minutes 
• Bandpass filtering method (Alzate et al. (2021), 

ApJ, 919, 98, h4ps://doi.org/10.3847/1538-
4357/ac10ca)

• Quasi-radial features traced and segmented 
by QRaFT 

Segmen&ng Coronal Images





Contribu)ons of Error



Contributions of Error

Segmentation errors from 
QRaFT



Contributions of Error

COR-1 Instrument Artifacts



Contributions of Error

“Open” features traced in 
“closed” field regions



Comparison Popula.ons
• MAS Central POS Electron Density

• Ideal 1-1 comparison with Central POS B field
 

• MAS Line-of-Sight Integrated Electron 
Density
• Electron density integrated along the line of 

sight (LOS) of observer

• FORWARD pB
• Line-of-sight integrated electron density with 

arKficial scaLering

• COR-1 pB
• White-light coronagraph aboard STEREO A 

that records polarized brightness (pB)





Model – Model 
Comparison PopulaKons
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Data – Model 
Comparison Population

Model – Model 
Comparison Populations



Using Global Statistics to Diagnose Error Contributions 



Using Global Statistics to Diagnose Error Contributions 

POS Projection of 
LOS Density



Using Global Sta5s5cs to Diagnose Error Contribu5ons 

POS ProjecKon of 
LOS Density

ScaLering + 
FORWARD 
methods



POS Projection of 
LOS Density

Scattering + 
FORWARD 
methods

Everything else!

Using Global Statistics to Diagnose Error Contributions 



Using Global Statistics to Analyze Similarity
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Using Global Sta5s5cs to Analyze Similarity



Validation Framework: Preliminary Statistics
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Validation Framework: Conclusions
• Provides quan+fiable ground-truth valida+on against MAS model

• Created metrics to correlate white-light pB feature segmenta+ons to model B field

• Diagnose/quan+fy error between several model popula+ons and coronal segmenta+ons
• MAS Central POS electron density vs central B field orientaFon
• MAS LOS integrated electron density vs central B field orientaFon
• FORWARD pB vs central B field orientaFon
• COR-1 pB vs central B field orientaFon

• Can adapt framework to use for
• PUNCH and other data sources
• Other MHD simulaFons
• Other coronal feature tracers

• Verified coronal segmenta+ons is representa+ve of simulated magne+c structure



Thank You!



OutputOptimizationInput

QRaFT output provides
constraints for 
optimization 

Used as input for WSA 
model



Wang-Sheeley-Arge (WSA) Model: Overview
• Combined empirical and physics-based model of the corona and 

solar wind.
• Input: ground/space based magnetic field maps
• Output: Simple WSA model provides:
₋ Coronal magnetic field 
₋ Solar wind (SW) speed & interplanetary magnetic field (IMF) 

polarity
₋ Sun-spacecraft magnetic field connectivity
₋ Inner B.C. for advanced MHD SW models

• Research Applications
₋ Coronal and solar wind studies

• Supports NASA mission & community  research objectives and 
needs

• Supports operational forecasting
₋ NOAA/SWPC, USAF-557th Weather Wing, USSF, UK Met 

office, & Korean Space Weather Center (KSWC)

Source 
Surface 

PFSS Model

Schatten Current Sheet Model

Source Surface 




