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Tackling the issue of image processing via plugins: the example of pyds9plugin

While several FITS viewer applications improve the way we visualize astronomical data (DS9, Aladin, Glue, Gaia, etc.), the development of image processing applications remains extremely limited, although as much necessary. Given the diversity of scientific needs, tackling efficiently the issue of image processing requires gathering contributions from diverse fields of the astronomy community. This community mostly uses popular scientific programming tools such as the Python+Astropy ecosystem. Therefore, Python plugins for existing FITS viewers represent a very interesting way to take up the challenge of developing image processing tools and address the related difficulties. pyds9plugin, a Python DS9 extension for quick-look processing of astronomical images, is designed to do so. This highly interactive extension provides tens of image treatments and analysis, that can be generalized automatically to a set of images to turn the plugin into a multiprocessing pipeline. Its design can be easily combined with user-written scripts to allow scientists to add their own Python macros, fitting functions, etc. This article describes the plugin implementation philosophy as well as the main software features. The plugin is available both on Pypi and GitHub, and full documentation including videos is available on pyds9plugin website.

Introduction

Scientific image processing can be defined as a smooth continuum from basic/enhanced visualization, to image analysis and processing, to research grade pipeline development. Since it is limited only by scientists' imagination, and depends on the instrument, the energy domain and the scientific field involved, designing a scientific image processing application is extremely challenging. While image visualization can still be tackled by isolated good developers, the diversity of needs for image processing applications necessarily requires a collaborative approach . It is most likely this complex challenge that prevents the development of such applications.

For the particular discipline of astronomy, which relies substantially on image analysis and is undergoing the data deluge expected by Jim Gray's fourth paradigm, this draws a new challenge for current and future imaging software: mimicking what has been done for bioimage analysis by addressing the current frontier of image processing.

To provide the most benefit possible, new image processing software will need to:

• allow the entire succession of processes: from the initial image visualization and exploration phase all the way down to the development of a research grade processing pipeline • keep the high-level interactivity between data and the end user, which became a baseline feature for existing FITS viewer applications • enable and encourage scientific collaboration and code enhancement 1 Plugins for FITS viewer applications represent an excellent opportunity to address these image-processing-related challenges for a number of reasons:

1. By taking advantage of the astronomy open community where collaborative development is a standard, plugins allow significant and free innovation without breaking the software's integrity (the best plugins will emerge by themselves) 2. Plugins lean on already proven FITS viewers proposing efficient interactivity 3. The efficiency of the plugin approach is well proven since the most-used and fast-growing open-source applications are following it This plugin approach, combined with popular scientific programming languages could enable the full capability of community-driven image processing.

A Python DS9 extension

Pyds9plugin is an attempt to design such a plugin on SAOImage DS9 visualization software. The plugin was chosen to run on DS9 for three main reasons. Firstly, it comes with every basic feature of a modern FITS viewer, DS9 has benefited from 30 years of development which have made it extremely reliable and easy to use. This has made it the most popular tool (35k downloads per year) in astronomical image visualization. Much more profitable but pretty unsung feature, its extensibility makes it a limitless tool to interact with astronomical data and is designed in a way that allows users to develop plugins in Python, making them benefit from the great synergy around it, as well as its most famous packages like astropy or matplotlib. Indeed, thanks to pyds9 module, the plugin can communicate with DS9's XPA access points which gives it read/write access to DS9 parameters, allowing it to control the display.

Therefore, DS9 simply calls pyds9plugin by sending a Shell command that runs one of the pyds9plugin functions which will, in turn, control the GUI. Parameter windows, allowing users to navigate through an important number of organized parameters before running a function (see Fig. 1), are implemented easily in the analysis file.

This flexible DS9 extension pushes DS9 visualization software a step further by allowing scientists to analyze and process astronomical images while keeping a high level of interactivity. The processing functions can then be generalized automatically to a set of images, to turn the quick-look tool into a real multiprocessing pipeline. For the sake of simplicity, and because the plugin serves as a proof of concept, it has been designed for local computing only. Nonetheless, the functions are already compatible with DS9 image servers and the code could be generalized to cloud infrastructures.

pyds9plugin most important features

This plugin incorporates essential functions to extract quantitative information from imaging data sets to support instrumentation, reduce observations, analyze data performance, etc. As shown in Fig. 2, the different functions are divided into three categories:

• Generic functions that have a broad interest and can be useful to any DS9 user • Instrumentation related functions aiming to assist instrument researchers during assembly and testing with through-focus, light curves, centering, radial, energy profile analysis, etc. More complex or specific functions can be found in the Python macros (auto-correlation, fast Fourier transform, interpolation, etc.) • Astronomical software which allows running some of the most essential image processing codes (SExtractor, SWARP, STIFF, etc.).

In addition to these functions, we summarize here the plugin's most important features:

• Tutorials: The plugin incorporates four interactive tutorials to help users to understand how it works and guide them step by step throughout all the plugin's functions based on specific use cases (general purpose, photometric analysis, image quality assessment and image processing). • Command line access: pyds9plugin is, in essence, a quick-look plugin designed for exploring, analyzing, and processing the displayed image. However, it is essential to make it suitable for more important pipelines after the exploratory phase when the function parameters have been tuned. To this end, all Shell commands sent and displayed by DS9 can be generalized and launched on a set of images by specifying the path of the images using a regular expression: DS9Utils <function> [-o OPTIONAL] --path "/data/**/*.fits" • Python commands/macros: A Python interpreter is added to the extension so that Python macros can be applied to the displayed image. Again, after being tested, the macro can be applied to a large set of images by adding a regular expression to the Shell command --path parameter. • VTK 3D rendering: Using state-of-the-art tools for 3D rendering of the Visualization Toolkit (via Pyvista) allows the plugin to generate 3D visualization with high interactivity, and the possibility of adding contours, smoothing the image rendering, changing the scale, or creating animated .gif (bottom right of Fig. 2). • Interactive profile fitting: Most FITS viewers incorporate the ability to interactively plot 1D profiles, which gives important qualitative information. As it is essential to be able to turn this qualitative information into reusable quantitative data (spatial and spectral resolution, noise/background distribution, etc.), an interactive profile-fitter is added to the extension. Any DS9 or pyds9plugin generated plot (profile, histogram, radial profile, light curve, etc.) can then be fitted by any predefined or user-defined functions (center right of Fig. 2). • Astromatic suite: We also linked the most widely recognized astronomical codes (SWARP, SExtractor, etc.) to the plugin to allow research-grade analysis and processing. • FITS file manager: A first function (see Fig. 2) generates a database from input images which concatenates all the information contained in their header (+ any other user-defined information via macros). The output .csv catalog gives at a glance all image information. It can also be used by the second function that filters the images based on a SQL query and organizes aliases in new subdirectories following organizational rules.

Conclusions

Since astronomy relies mostly on image analysis, addressing the issue of encouraging collaborative development of image processing tools and implementing them into popular astronomical applications becomes essential. We believe that the development of plugins is an excellent opportunity to address the different associated challenges. The pyds9plugin provides a glimpse of all the possibilities enabled by DS9 extensibility so that astronomers are encouraged to explore this implementation method. Combining the plugin approach with popular scientific programming languages will allow scientists to explore the full capability of community-driven image processing. pyds9plugin's functions divided into three categories: generic functions, instrumentation and astronomical software. The terminal icon emphasizes functions that do not require DS9 to be launched, which can be interesting for generalizing the processing on a server. Most of these functions (highlighted with the wheel icon) are compatible with multi-image and multi-threaded analysis. Functions with enhanced interactivity based on pickable meta-data for instance are marked with the interactivity icon.
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 1 Figure 1. Examples of treatments included iin nto pyds9plugin: From top left to bottom right: SExtractor parameter window, through-focus analysis, source extraction results, image 3D visualization, interactive profile fitting, radial and energy profile, data-cube 3D visualization.

  Figure 2.pyds9plugin's functions divided into three categories: generic functions, instrumentation and astronomical software. The terminal icon emphasizes functions that do not require DS9 to be launched, which can be interesting for generalizing the processing on a server. Most of these functions (highlighted with the wheel icon) are compatible with multi-image and multi-threaded analysis. Functions with enhanced interactivity based on pickable meta-data for instance are marked with the interactivity icon.