
ESO REFLEX: A GRAPHICAL WORKFLOW ENGINE FOR DATA REDUCTION
Sampo is a project led by ESO and 

conducted by a software develop-

ment team from Finland as an in-kind contribution to join-

ing ESO. The goal is to assess the needs of the ESO com-

munity in the area of data reduction environments and to 

create pilot software products that illustrate critical steps 

along the road to a new system. Those prototypes will not 

only be used to validate concepts and understand require-

ments but will also be tools of immediate value for the com-

munity.

Most of the raw data produced by ESO instruments can be 

reduced using CPL recipes: compiled C programs following 

an ESO standard and utilizing routines provided by the Com-

mon Pipeline Library (CPL). Currently reduction recipes are 

run in batch mode as part of the data fl ow system to gen-

erate the input to the ESO VLT/VLTI quality control process 

and are also exported for use offl ine. Sampo has developed 

a prototype application called ESO Refl ex that integrates a 

modern graphical user interface and existing data reduction 

algorithms.  ESO Refl ex can invoke CPL-based recipes in a 

fl exible way through a dedicated interface.

ESO Refl ex is based on the graphical workfl ow engine Tav-

erna that was originally developed by the UK eScience com-

munity, mostly for work in the life sciences. Workfl ows have 

been created so far for three VLT/VLTI instrument modes 

(VIMOS/IFU, FORS spectroscopy & AMBER), and the easy-

to-use GUI allows the user to make changes to these or cre-

ate workfl ows of their own. Python scripts and IDL proce-

dures can be easily brought into workfl ows and a variety of 

visualisation and display options, including custom product 

inspection and validation steps, are available. 

THE DATA REDUCTION NEEDS OF ESO
ESO is currently operating a large suite 

of instruments ranging from the optical 

to the infrared to the millimetre wave-

length range. The responsibility for the 

quality of the scientifi c reduction of the 

data can only rest with the individual 

users but it is very diffi cult for users to 

be equally familiar with all of the differ-

ent observational techniques spanned 

by the ESO instruments at a level where 

general-purpose tools like IRAF and 

ESO-MIDAS can be effectively used. 

Instrument specifi c software, imple-

menting carefully tuned algorithms, is 

essential. Currently ESO aims to devel-

op and export data reduction recipes 

for all VLT/VLTI instruments. These are 

based on the ESO Common Pipeline Li-

brary (CPL) and may be run offl ine us-

ing either the Gasgano graphical tool 

or the EsoRex command line tool. Rec-

ipes have the primary tasks of running 

as automatic pipelines within the data 

fl ow system and being used to create 

products suitable for quality control.

The challenge is to allow the user greater 

fl exibility to interact with the data reduc-

tion process and to study data products, 

both intermediate and fi nal, in order to 

optimize the quality of the results. In ad-

dition we aimed to reuse existing soft-

ware as much as possible, both current 

pipelines and legacy software tools. We 

wished to embed the ESO recipes within 

a fl exible environment without the need 

to recreate a complete and expensive 

new software system. This approach 

delivers a great improvement to the us-

ers for a modest cost.

THE SAMPO APPROACH: ESO REFLEX
The Sampo project has concentrated 

on developing a graphical user interface 

to run ESO data reduction recipes. The 

result is a prototype application called 

ESO Refl ex (Recipe Flexible Execution 

Workbench), in which the sequence of 

reduction steps is rendered and con-

trolled as a graphical workfl ow. This ap-

proach allows users to follow and inter-

act with the data reduction fl ow in an 

intuitive manner without the need for 

complex scripting. Figure 1 illustrates 

the look and feel of an ESO Refl ex work-

fl ow. In this particular example, it is a 

reduction sequence to produce master 

calibrations for the FORS2 MXU mode. 

ESO Refl ex aims to provide most of 

the key elements for a scientifi c data 

reduction:

• Convenient ways to select and or-

ganise data, based on code from 

the Gasgano application, to cope 

with the complexity of the headers 

of modern data. 

• CPL processor to include ESO reci-

pes into workfl ows. This processor 

supports many extra features includ-

ing different processor modes and 

control of parameter values.

• Processors through which Python 

and IDL scripts can be included with-

in workfl ows. 

•  A particularly important use of scripts 

is to analyze intermediate products 

within the reduction process. To il-

lustrate this concept we have de-

veloped several interactive tools. 

A screenshot of such a tool, in this 

case to iteratively check and refi ne 

the wavelength solution of 2D spec-

tra is shown in  Figure 2.

• The design of Taverna makes it very 

effective for building workfl ows that 

use Web Services such as those es-

tablished within the Virtual Observa-

tory. Experiments in this area are de-

scribed in an accompanying poster.
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CURRENT STATUS AND FUTURE PLANS
At the time of writing ESO Refl ex V1.0 BETA 

has recently been released internally at ESO. 

This incorporates many of the additional fea-

tures and corrections that were identifi ed in 

a beta testing campaign that involved both 

ESO internal astronomers, as well as po-

tential users in the community. It also has a 

moderate level of documentation and test-

ing. The feedback from test users was posi-

tive regarding the concept, but there remain 

several areas in which we feel further work 

is needed and there remain unexplored av-

enues of investigation. Examples we are 

currently working on include improved ways 

for ESO Refl ex to process long lists of input 

fi les, batch processing without the GUI and 

enhancements to the user interface. Within 

ESO the adoption of ESO Refl ex and the con-

sequences for other aspects of observatory 

operations are currently being reviewed. On 

management approval we will consider wid-

er distribution and support for the general 

community in the future.

Figure 2
Screenshot of the Python tool to check and improve the wavelength solution of 2D 
spectra. Calibration spectral lines, either from an arc lamp or from the night sky, are 
displayed slit by slit and can be included or excluded when computing the wavelength 
solution with a polynomial fi t, the order of which can also be set interactively.
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Figure 1
Example of a workfl ow with ESO Refl ex: this case is 
based on FORS2 MXU calibration recipes. The input 
data are represented by the light blue boxes at the 
top. The data percolate through the processors in the 
middle section to produce the outputs at the bottom 
of the fi gure.
In this case the spectral tracing step has been swit-
ched into interactive mode to allow checking of the 
results and experimentation with the extraction para-
meters.


