Astronomical Data Analysis Software and Systems XIV P2.1.7 ASP Conference Series, Vol. XXX, 2005 P. L. Shopbell, M. C. Britton, and R. Ebert, eds.

Extending and Customising DS9

De Clarke, Steven L. Allen

UCO/Lick Observatory, University of California, Santa Cruz, CA 95064

William Joye

Harvard-Smithsonian CFA, 60 Garden Street, Cambridge, MA 02138

Abstract. UCO/Lick Observatory adopted SAOImage DS9 as the standard real-time and quick-look display for DEIMOS (commissioned Summer 2002) and subsequent instruments. Lick software staff made several modifications and extensions to DS9, taking advantage of its open architecture and the ease of adding Tcl/Tk code to the DS9 core at runtime. We worked in close collaboration with DS9 author Bill Joye on both core modifications and external ‘plug-ins’. Our poster describes features added to DS9 (in the core or externally), and a strategy for integrating DS9 with real-time image acquisition. The Lick software team invites other DS9 users to form a community and discuss code-sharing, APIs and other DS9 issues.

1. Introduction

SAOImage DS9^1 is a Tcl/Tk GUI with a powerful image display widget (descendant of saotng^2), integrating a number of popular libraries for world coordinate system computations, remote image access via HTTP, and other features. DS9 enjoys increasing popularity among astronomers. One attraction of DS9 is its amenability to modification and extension: sites and users can customise it for particular tasks. This poster^3 discusses the customisation and extension of DS9 generally, and our experiences at UCO/Lick specifically.

2. Approaches to Customising/Extending DS9

DS9 can be customised or extended in several different ways.

1. The obvious and traditional method for a large complex application is to get the source code and modify it. In some cases modification of the DS9 core was necessary to add features important to UCO/Lick; however, we

1http://hea-www.harvard.edu/RD/ds9/

2http://hea-www.harvard.edu/saord/saotng/

3http://spg.ucolick.org/Docs/ADASS/2004/ClarkeEtAl/ 1

2 Clarke, Allen & Joye

refrained from modifying the core ourselves and instead resorted to the equally traditional method of begging the developer for new features. We did this even though DS9 is an open-source application. The reasons were that (a) the core of DS9 is written in C++, yacc and lex and hence is somewhat opaque to the uninitiated: we didn’t feel it was worth the learning curve given Joye’s excellent support; and (b) unofficial core hacks would have to be reapplied with every new release; releases were fairly frequent and with several architectures to support, the tedious housekeeping of applying local patches after each release was not attractive.

2. Joye provides a fairly simple “extend the Analysis menu” toolkit for adding image processing “mini pipelines” to DS9. One can add to the Analysis menu (at startup, via a config file) commands which invoke any command-line image processing tools. DS9 passes the image to the external tool; the output from that operation (as text) can be fed back to a popup window for the DS9 user to review. This is a nice flexible feature, but we wanted more interactivity, more visible on-image user feedback and tools rather than background bit-processing.

3. Joye provides a set of XPA “access points” which enable local or remote processes to exchange image regions with DS9 and to send DS9 commands. This is more powerful than option 2 and more interactive; but we found that not every DS9 internal command we wanted to use had an access point, and we didn’t like to keep asking the author to create more and more XPA access points just for us – not when a better alternative was readily available.

4. Our “better alternative” was to get at DS9 directly via Tcl/Tk code. The running DS9 application is a Tk interpreter with many specialised libraries and commands added. Extra Tcl code can easily be loaded at startup time to add new features or modify existing features in the interpreter; or a separate Tk process on the same X display can use Tk send to send commands to the DS9 interpreter and thus “drive” it from outside. Since we have many years of Tcl/Tk coding experience we found direct Tcl-hacking to be the quickest and easiest way to modify and extend DS9. The price of this quick, dirty and cheap approach was that our modifications were vulnerable to any changes the author might make to internal DS9 Tcl command syntax. We accepted that price and forged ahead, adding many upgrades and features to the base DS9.

3. Our Experience So Far

Our DS9 project started in 2000 or so when we were looking around for a real time display for DEIMOS, a mosaic-detector spectrograph. Our existing, legacy RTD was incapable of handling mosaic images and was not trivially extensible. When we heard about DS9 and saw it demonstrated at a conference, it seemed like a promising candidate; but at that time, DS9’s support for mosaic images was incomplete and there was no provision for live readout. Over the next couple of years we worked closely with author Bill Joye, who provided us with many upgrades of type 1 (above): full support for multi-extension FITS files (MEF), multi-WCS images, FITS files in shared memory segments, etc. These core upgrades (of general utility for many DS9 users) provided the hooks or basic features on which we could build our own site-specific features, which we’ll enumerate and discuss below.

Extending and Customising DS9 3

3.1. Mosaic images

While DS9 already supported MEF for mosaic images, its heuristics were not general enough to recognise the DEIMOS flavour of MEF. Joye fixed this early in our evaluation period so that we could reassure ourselves by loading faked DEIMOS images from disk.

3.2. Multiple WCS support

Many WCS are implicit in a DEIMOS mosaic image: one pixel system per amplifier (8 to 16) and one “whole mosaic” pixel system, plus sky, mask coordinates (mm), detector surface coordinates etc. DS9 originally offered only a handful of coordinate systems (sky, physical, pixel), but Joye added support for the 26 additional WCS prescribed by the FITS standard. This enabled us to display both amplifier coordinates and our whole-mosaic or “pane” coordinates in real time. We are still working on the transforms for mask and wavelength WCS. We could not practically have implemented WCS support outside the core.

3.3. Live Readout

Live readout, which appears a thorny problem, was actually not very difficult to implement from outside the core once there was support for reading FITS images from shared memory (shmem) segments. Our client/server, keywordbased instrument control system permits real-time telemetry and control from Tcl/Tk applications by means of a Tcl extension; this in turn meant that our DS9 could be equipped with a keyword API via one load command, and thereafter could monitor the image capture system status and respond to events. The image capture system needed only to be modified to write the current image into shmem instead of a disk file, and to publish the details (the shmid, size of shmem segment, the last row read out) during readout.

An external Tk app, very small and lightweight, monitors the exposure subsystem at all times during observing. When it detects the start of an exposure it uses Tk send to invoke some Tcl code loaded into DS9 at startup time. The invoked code sends DS9 into a fairly busy state, looping and polling keywords, watching for the start of image readout to shmem. Using the shmid read from a keyword, it invokes internal DS9 Tcl commands (provided by Joye) to read the image headers and update selected rectangles of the image buffer based on the keyword which reports ‘last row read out.’ The loop is not particularly fast, but the observer sees a decent refresh rate with stripes of image painting at about 1Hz.

Both Tk send and preloaded Tcl code are used to implement this feature. The preloaded code (at startup) includes the loading of a Tcl extension (written in C) which adds the realtime keyword API. No site-specific modifications to the core are needed, only invocations of quite general “load from shmem” functions.

3.4. Improved File Chooser

We are very impressed with most of DS9, but have to admit that no one really liked the default file chooser. We had a Tcl-based file chooser of our own, from the legacy RTD, which users did seem to like. Since DS9 is “just Tcl” at the

4 Clarke, Allen & Joye

top level, it seemed only natural to try retrofitting the familiar file chooser to the new RTD. This was fairly trivial.

The familiar file chooser was a standalone Tk app which talked to the old RTD via the X server. This mechanism was excised in the new version, and replaced with a few Tk send commands which instruct DS9 to load whichever flavour of FITS file has been detected. It was then simple, at startup time, to modify the DS9 top menubar and add a button that would exec the standalone chooser. Several benefits were realised: the customised chooser stays up even if DS9 is stopped and restarted, and remains pointed at the same image directory; it remains up after an image is selected and loaded; it shows the user more files at a glance; and it is able to scan the FITS headers for selected keywords on a casual click (without loading into DS9) so that the user can easily search for a particular image or browse for images of interest. Recently it was further customised with the live keyword API so that it can automatically point to the current live image readout directory. All these features save precious observing time.

We have not used any other RTD which could so easily and cheaply have been retrofitted with a custom file chooser.

3.5. Subraster Readout Definition

For a recent instrument project (an upgrade to HIRES), we added a long-desired feature: the user, by means of keywords, can define up to 16 subrasters or regions of interest (ROI), and save only those ROI as a MEF (one HDU per region). If only some areas of the image are of interest, significant savings in disk space can be realised. The definition of these ROI in keyword syntax is cumbersome, so we wanted the user to be able to draw them on the RTD display (as rubberband boxes) and automatically set the relevant keywords.

DS9 offers built-in annotation overlay including rectangular regions, so the rubberband-box mechanism was ours for free. All we had to do was find a way to turn the keyword values into regions (show the user the existing ROI definitions) and vice versa (allow the user to create, resize, delete the regions and rewrite the keywords accordingly). This took little time and made multiple subrasters very easy to use.

3.6. Basic Centroiding and Stats

DS9 comes with no image math or image reduction facility, only markup tools such as contouring, coordinate grids, rulers etc. Our users were accustomed to a very simple, venerable “stats box” utility which allowed them to draw a rectangular region around an object and compute the centroid and some second-order statistics. We took the C code for the algorithm and turned it into a Tcl extension, then added Tcl code into DS9 at startup time that would load the “stats” extension and add commands to the Analysis menu. These commands would invoke more code added to DS9 at startup time, for selecting and computing stats for multiple regions. Further refinements were added later, such as saving and reloading stats boxes, logging, TSV export, and semi-automated statistics gathering on multiple images in one directory.

The stats box required the most coding of our DS9 extensions and enhancements, but the strategy was simple and robust: code any math-intensive func-

Extending and Customising DS9 5

tionality in C as a Tcl extension; load the Tcl extension at startup time along with any additional Tcl code and menu customisations. No communication with other processes was required.

4. Conclusions

Our conclusion after three years with DS9 is that our original hopes were justified. It is easy to modify, customise and extend without altering the core distribution. Earlier versions were sometimes difficult to build from source, but Bill Joye accepted improvements to the configuration and make procedures that have streamlined the build process. When we compare the addition of fairly superficial hacks and ancillary applications to DS9, with the task of writing our own RTD or re-writing the venerable legacy RTD, the labour and time savings are significant. Having local Tcl/Tk expertise certainly helps, but is not required: we suspect that many things we are doing with Tcl/Tk “code overlays” at startup time could also be done via the XPA API, by those who don’t wish to acquire the Tcl/Tk skills.

Our feeling is that DS9 will become the de facto standard for RTD and image analysis for the astronomy community, at least for the next few years. We felt that it was perhaps time for DS9 users to form a coding community, with the goal of addressing the potential problems outlined above: first, to provide support, tutorials and advice for new users, and to help distinguish real bug reports from naive user errors. A community willing to answer newbie questions on a mailing list or web site could protect the small core development team from some of the “costs of success.” It also seemed like a good idea to start exploring code-sharing and see if any of our local customisations and enhancements would be useful to others – and what code we might adopt from others in return.

Part of this poster, therefore, is an invitation to DS9 users (advanced and beginner) to join a mailing list (DS9@ucolick.org) and start talking to one another.

Acknowledgments. We’d like to thank Bob Kibrick (UCO/Lick) for his patient alpha and beta testing of new DS9 customisations; thanks also to the HIRES and DEIMOS support teams at Keck Observatory who helped users become comfortable with the new RTD; and to the many contributors to DS9 – authors of the several libraries which comprise the core application.

References

Valdes, F., “Data Format for the NOAO Mosaic,” 1997, in ASP Conf. Ser., Vol. 125, ADASS VI, ed. G. Hunt & H. E. Payne (San Francisco: ASP) Greisen, E.W. and Calabretta, M.R., ”Representations of world coordinates in FITS, 2002, Astronomy & Astrophysics, 375, 1061-1075 Joye, W., “Development of SAOImage DS9,” 2004, this volume