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STDPipe - Simple Transient Detection Pipeline

STDPipe is a set of Python routines for astrometry, photometry and transient 
detection related tasks, intended for quick and easy implementation of 
custom pipelines, as well as for interactive data analysis.


Design principles:

• implemented as a library of routines covering most common tasks

• operates on standard Python objects: NumPy arrays for images, AstroPy 

Tables for catalogs and object lists, …

• conveniently wraps external codes that do not have their own Python 

interfaces (SExtractor, SCAMP, PSFEx, HOTPANTS, Astrometry.Net, ...)


GitHub repository - https://github.com/karpov-sv/stdpipe 
Documentation - https://stdpipe.readthedocs.io/



STDPipe - Simple Transient Detection Pipeline

• pre-processing - should be handled before in an instrument-specific way

• bias/dark subtraction, flatfielding, masking


• object detection and photometry

• SExtractor or SEP for detection, photutils for forced photometry 


• astrometric calibration

• Astrometry.Net for blind WCS solving, both local and online

• SCAMP or Astropy-based code for refinement


• photometric calibration

• Vizier catalogues, passband conversion (PS1 to Johnson, Gaia to Johnson, ...)

• spatial polynomial + color term + additive term + intrinsic scatter


• image subtraction

• Pan-STARRS or DESI Legacy Survey images, or HiPS templates

• HOTPANTS + custom noise model, or ZOGY


• transient detection and photometry

• noise-weighted detection, cutout adjustment, ...


• auxiliary functions

• PSF estimation with PSFEx, simulated stars, FITS header utilities, image splitting, plotting, ...



From the library to the Web

• Pipelines are good but people are lazy


• Data are heterogeneous, sometimes unexpectedly so


• Easy control and interactive quality checking at every step is desirable


• Most common corner cases should be handled automatically


• Everything that may be guessed should be guessed automatically


• Everything should be kept for further re-processing or examination


• Hey, Astrometry.Net succeeded so why not do the same for photometry?..



http://grandma-stdpipe.ijclab.in2p3.fr http://stdweb.favor2.infoor

STDWeb 
STDPipe for the Web

http://grandma-stdpipe.ijclab.in2p3.fr
http://grandma-stdpipe.ijclab.in2p3.fr


STDWeb - technical details

• Django (+minor JS) as web framework, Celery as runner for processing 
tasks


• Code on GitHub - https://github.com/karpov-sv/stdweb


• Highly opinionated processing pipeline based on STDPipe

• Optimized for most common use cases of follow-up observations


• Uses a lot of heuristics for guessing various parameters


• Does not handle wide-field images too well (yet, but we are working on it!)


• May be used (with little effort) locally without web interface

https://github.com/karpov-sv/stdweb


STDWeb - workflow

• Initial inspection


• Object detection and measurement


• Astrometric refinement


• Photometric calibration


• Forced photometry at target’ position


• Transient detection


• Simple catalogue-based transient detection 

• Template subtraction and detection on difference image
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Simple catalogue-based transient detection

• Compare detected objects with catalogue and see what’s new

• Uncatalogued objects or significant change of brightness


• What catalogue?

• Gaia for everything bright enough


• Pan-STARRS DR1 for northern sky


• SkyMapper DR4 for southern sky


• Blended objects?


• Extended objects?


• Cosmic rays and artefacts?



Simple catalogue-based transient detection



Simple catalogue-based transient detection

Help

Positional constraintsMulti-image mode

Solar System objects Blend filtering
Simple shape classifier Brightness threshold

Only candidates brighter 
than catalogue stars by this 
level will be kept. 
If not set, all positional 
matches will be rejected.

Catalogue stars closer than 
2*FWHM are merged 
Centroids are positionally 
matched with candidates 
within 0.5*FWHM

Candidates are rejected if 
there is known Solar System 
object within 10’’ at this time

Outliers in shape parameter 
space are rejected, to 
exclude cosmic rays, hot 
pixels, extended objects, etc

Candidates outside this 
region will be rejected

Candidates will be rejected if they 
are not detected in other image(s)

Also, everything flagged (saturated / truncated / masked out) is rejected



Simple shape classifier



Cosmic rays

Atypical shapes Extended artefacts

Blends

Typical stars

Simple shape classifier



Blend filtering

Blended stars

On photometric calibration 
stage, catalogue stars closer 
than 2*FWHM to each other are 
excluded from the matching 
which is done with 0.5*FWHM 
radius



Blend filtering

On transient detection stage catalogue stars closer 
than 2*FWHM to each other are merged together. 
Their centroid positions are positionally matched 
with candidates within 0.5*FWHM. Candidates 
matched with these blends are removed if their 
brightness is not significantly brighter than 
expected blend magnitude.


