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Introduction - Observations

• PUNCH observes 
continuously at 4-min. 
cadence


• NFI covers 5.4 R⨀-32 R⨀ 


• WFI covers 20 R⨀-180 R⨀ in 

3 parts (yellow dash trefoil)


• PUNCH produces 3 full 
mosaics per orbit, from 
6-180 R⨀
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Introduction - Observations

• The PUNCH mission is composed of 4 
satellites/instruments:

▪ 1×Near-Field Imager


▪ 3×Wide-Field Imagers


• PUNCH produces: 

▪ Individual images at multiple 

calibration levels


▪ Trefoil images 


▪ Low Noise Composites & Derived 
Products (e.g., Wind Velocity Maps)


▪ Low Latency Space Weather Products


▪ Quicklook Products


• Formats: Clear, Polarization States, 
Brightness & Polarized Brightness Pairs
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Data Processing: It’s Complicated
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Data Processing: Level-0 → Level-1

Remove CCD Artifacts Despike Destreak

Remove Stray Light

Confirm Pointing 
(via star field)

Deconvolve PSF

Fully calibrated, 
camera coordinates, 

Full image registration 
metadata (WCS)



Data Processing: Level-1 → Level-2
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Data Processing: Level-2 → Level-3

Must also build up F-corona & stellar models 
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Data Processing: Level-3 Products

Solar Wind Maps Trefoils NFI Frames Low-noise 
full-field mosaics

Low-noise NFI
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The SOC processes, calibrates, and integrates four independent data 
streams into single, fully coherent products at Level 3. – This will be 
performed via a Data Reduction Pipeline (DRP).

Data Processing: Ok, It’s Not That Complicated



10

Sample Pipeline Data Flow 
(L0➝L1)


• Prefect launches processing 
runs and manages 
workflows


• All processing/science code 
is Python, leveraging SunPy, 
AstroPy, ndcube, etc.


• Databases record file 
processing state & location 
in file system (MySQL)

SOC Data Flow Architecture
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• The PUNCH Pipeline segments are invoked by a control segment – the 
chef — which leverages Prefect


• The control segment carries out workflows, sequences of processing steps 
— a recipe — to generate specific products


• The recipe also instructs the Prefect workflow which parameters, files, and 
processing steps — the ingredients — to use, and in which order


• The control segment selects the appropriate  
recipe from a library of workflow templates —  
the cookbook — which includes all recipes  
needed to each possible PUNCH product

Product Production Recipes
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• The PUNCH Pipeline segments are invoked by a control segment – the chef 
— which leverages Prefect


• The control segment carries out workflows, sequences of processing steps 
— a recipe — to generate specific products


• The recipe also instructs a Prefect workflow which parameters, files, and 
processing steps — the ingredients — to use, and in which order


• The control segment selects the appropriate  
recipe from a library of workflow templates —  
the cookbook — which includes all recipes  
needed to each possible PUNCH product

Product Production Recipes

Straylight Subtraction

L0 Files

PSF Correction

Starfield Model

Quality Marking
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• PUNCH leverages Flexible Image Transport System (FITS) for all data & calibration 
products


• Products are fully FITS 4.0 standards compliant


• Products support open-source community analysis tools in AstroPy and SunPy 
Python Packages


• Products follow community best practices 
(e.g. https://doi.org/10.5281/zenodo.10058, below)

PUNCH Data Product Strategy

https://doi.org/10.5281/zenodo.10058
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Drawn from best practices for scientific data products:


Accessibility: Data/tools are documented & self-describing


Longevity: Data/tools will remain usable after mission ends


Portability: Data/tools work across platforms & analysis environments


Traceability: Data/tools contain complete records of provenance


Transparency: Data/tools fully reflect progressive improvements & 
changes in calibration


Security: SOC must comply with all mission assurance and security 
requirements/documents

Data Pipeline & Product Key Principles
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• L1 FITS products:


▪ 2k×2k single data frame


▪ single HDU


▪ all polarized and clear data products


• L3 FITS products: 


▪ 2k×2k NFI Images/velocity maps


▪ 4k×4k Trefoil Images


▪ 4k×4k Composite Images


▪ Secondary HDU used to flag non-standard data


• Low Latency Space Weather Products


• Ancillary Products (e.g. Stray light and F-corona models)


• Data will be released in FITS format (L1 and L3 baseline products). Code will be publicly 
available in a SunPy-affiliated package for users with special processing needs.

Data Produced by the SOC
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• Completely open data policy: everything we make is available to you


• Primary data repository at NASA SDAC


• Secondary repository maintained at SwRI


• User tools available through SunPy


• Data reduction software, documents and support software available 
through standard Python package managers & (probably) SunPy


• PUNCH will work with SunPy to ensure standard tools support our data


• Data will be accessible via the VSO

Accessibility of the Data



• SOC development is ongoing, your sample/model data can help us 
test our tools to make sure we can give you what you need


• Help us avoid pitfalls of other products/missions: What are your lessons 
learned from past experience? (e.g., PUNCH analogs like STEREO Cor2 
or HI products)


• SOC will be developing sample products and soliciting feedback on 
usability, format, metadata, etc.


• SOC will distribute preliminary analysis tools as they become available 
and welcomes feedback on functionality, usability, etc.

The SOC Needs Your Help!!!
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Summary


• SOC is more complex than typical missions


• Architectural and algorithmic development is well underway


• PUNCH leverages FITS for all data & calibration products


• Products support open-source community analysis tools in AstroPy and 
SunPy Python Packages


• Products are fully FITS 4.0 standards compliant


• Products and tools follow community best practices


• The SOC is actively seeking science team involvement!

Summary


