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ABSTRACT

GIANO-B is the high resolution near-infrared (NIR) spectrograph of the Telescopio Nazionale Galileo (TNG),
which started its regular operations in October 2017. Here we present GIANO-B Online Data Reduction Software
(DRS) operating at the Telescope.

GIANO-B Online DRS is a complete end-to-end solution for the spectrograph real-time data handling. The
Online DRS provides management, processing and archival of GIANO-B scientific and calibration data. Once
the instrument control software acquires the exposure ramp segments from the detector, the DRS ensures the
complete data flow until the final data products are ingested into the science archive. A part of the Online DRS
is GOFIO software, which performs the reduction process from ramp-processed 2D spectra to extracted and
calibrated 1D spectra.

A User Interface (UI) developed as a part of the Online DRS provides basic information on the final reduced
data, thus allowing the observer to take decisions in real-time during the night and adjust the observational
strategy as needed.

Keywords: NIR high resolution spectroscopy, data reduction software, data processing, python
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1. INTRODUCTION

GIANO-B is a near-infrared (NIR) high resolution spectrograph’? mounted at the Telescopio Nazionale Galileo
(TNG), which provides cross-dispersed echelle spectroscopy at a resolution of ~50000 in the 0.9-2.45um spectral
range in a single exposure.

With the aim of providing a complete solution to the real-time handling of GIANO-B observational and calibra-
tion data at the Telescope, we developed the GIANO-B Online Data Reduction Software (DRS). The Online DRS
kicks in as soon as exposure ramp segments are acquired from the detector by the Instrument Control System
(ICS), and manages the data processing and the storage of data products. The data are first stored locally at
the telescope and then sent to the TNG data archive (Sec. 7), from where they are available for download shortly
after they were acquired and processed.

2. ONLINE DRS OVERVIEW

The Online DRS dataflow is shown in Fig. 1. The Online DRS code is mainly written in Python*, with exception
of a fortran procedure (see Sec. 3). For the user interface some additional web programming technologies were
used (Sec. 5).

T

Ramp Segments

Segments -> Ramp-reduced 2D spectra 2D spectra -> 1D spectra User feedback GAINO-B ONLINE

DRS WEB UI

GIANO-B
Instrument GIANO-B RAMP PROCESSOR GOFIO GIANO-B WEBUI BACKEND

90 J&3°
/

GIANO-B ARCHIVER

Message
Broker

ActiveMQ

TNG FITS FILE SERVICE

D TNG Archive [ Trieste Archive

Figure 1. The Online DRS dataflow.

One of the basic ideas behind the Online DRS design is to decouple as much as possible the data handling
system from that of the observation management. With this approach, the potential issues of data handling

*https://www.python.org
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and processing would not interfere with the more critical instrument control or detector acquisition operations.
Thus, the Online DRS and the instrument control and acquisition systems are set to operate on separate nodes.
In such a context, a message-oriented middleware is particularly well-suited for providing the interaction of
the two components. GIANO-B Online DRS exploits this infrastructure through a message broker, to receive
information about newly acquired data from the instrument acquisition system.

The communication between the GIANO-B data acquisition system and the Online DRS is done through STOMP'
protocol. These two applications use an Apache ActiveMQ* message broker already implemented for the telescope
control system at the TNG.

For reading and writing the files, GIANO-B Online DRS accesses a dedicated Network File System (NFS)
storage space, created to hold all GTANO-B data. The Online DRS also makes use of SQLite® databases for its
operations.

In the following sections of the text the different parts of the flowchart in Fig. 1 will be discussed more in detail.

3. RAMP PROCESSING AND 2D SPECTRA CREATION

During the exposure the GIANO-B data acquisition system carries out multiple non-destructive readouts of the
detector data. The multiple read-outs are performed following Fowler sampling,® as this reduces the read-out
noise. The readouts are performed every 10 seconds and for each of these exposure segments a FITS file is
written to the disk. More information on the GIANO-B detector and its acquisition system can be found in
Ref. 4.

In order to create a single file containing the entire exposure data, the ramp segments data are analysed and
combined into a FITS file. This is done by the Online DRS in real-time once a complete set of ramp exposure
segments is obtained. The core ramp analysis and processing is done using a fortran code especially developed
for this aim, which follows the procedure described in Ref. 4.

The 2D spectra images created by the ramp processor are written into FITS files and stored to the NFS disk.
Additionally, these files are ingested into the TNG data archive through a FITS file archive service running at
the Telescope (Sec. 7). The information both on the processed images and ramp exposure segments are added to
the database (Fig. 1). These database entries are further used for 1D spectra extraction, as well as for providing
the corresponding feedback through the Online DRS user interface (Sec. 5).

Ramp processor does not require any start up and permanently watches for new ramp segments. The process is
always kept alive via cron job.

4. 1D SPECTRA EXTRACTION

The reduction of the ramp processed raw files and subsequent extraction of 1D spectra is done by GOFIO,?
which uses the 2D spectra generated by the ramp processor. The real-time information on the new 2D spectra
available for extraction is obtained from the database entries added by the ramp processor every time an exposure
sequence data is written into a FITS file (Sec. 3).

As with ramp processing, at this step too the resulting 1D spectra are stored to the NFS disk, while the
information on these spectra together with processing success/failure status is added to the database (see Fig. 1).
The 1D spectra extraction has to be started-up and shut-down, which can be done in particular through the
user interface (Sec. 5).

5. USER INTERFACE

We opted for a Web-based User Interface (Web UI) for GTANO-B Ounline DRS to benefit from the access flexi-
bility it provides. Also, Web UI enables the separation of the user interface of the data processing from the data
themselves, avoiding direct data access potential drawbacks. The interface is available throughout the local net-
work at the telescope and benefits from the gigabit-fast connection between the web server and client browsers.

"https://stomp.github.io/
‘http://activemq.apache.org/
Shttps://www.sqlite.org
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The Web Ul is delivered by nginx¥ HTTP server, while both the UI back- and front-end are developed using
Djangoll Python Web framework. nginx requests are forwarded to the Framework via WSGI**, which is provided
by uWwSGI'T. Additionally, the usual HTML/CSS/JavaScript combination is used for the front end construction.

@GIANO-B GIANO-B Online Data Reduction Software (DRS) 2D Spectra Ramp Processing 1D Spectra Extraction
GIANO-B 2D Spectra Ramp Processing
Ramp-processed 2D spectra Download log &  Ramp segments
Image name Imagetype  Object Siitpos Exptime  Groups  AB Pairs GIANORAW... Type VN Status
GIANO-B.2018-02-23T01-25-08.000.fts SCIENCE ~ ATO4 A 2000 1 af21 & 01-32-42.000 SCIENCE 23/23 Processing
GIANO-B.2018-02-23T01-20-42.000.fts SCIENCE ~ ATO4 B 200.0 1n 327 EX WD) SEEEE B Rerili
GIANO-B.2018-02-23T01-16-12.000.fts SCIENCE ~ ATO4 A 2000 11 /27 * 016222000 SCIENGE 21/23 Frocoesing

01-32-12.000 SCIENCE 20/23 Processing
GIANO-B.2018-02-23T01-11-49.000.fts SCIENCE ~ AT04 B 2000 1 2/21 &

01-32-03.000 SCIENCE 19/23 Processing
GIANO-B.2018-02-23T01-07-27.000.fts SCIENCE ~ ATO4 A 2000 1 2/27 &

01-31-53.000 SCIENCE 18/23 Processing
GIANO-B.2018-02-23T01-03-04.000.fts SCIENCE ~ AT04 B 2000 1 127 &

01-31-43.000 SCIENCE 17/23 Processing

-| -02- )& £ 3

GIANO-B.2018-02-23T00-68-42.000.fts SCIENCE ~ ATO4 A 2000 1 127 & Nl .
GIANO-B.2018-02-22T18-09-30.000.fts FLAT FLAT A 1000 77 1 & 01-3124000 SCIENCE 15/23 Processing
GIANO-B.2018-02-22T18-07-23.000.fts FLAT FLAT A 1000 67 1 & 01-31-14000 SCIENCE 14/23 Processing
GIANO-B.2018-02-22T18-05-16.000.fts FLAT FLAT A 1000 s 1 & 01-31-04.000 SCIENCE 13/23 Procsssing
GIANO-B.2018-02-22T18-03-09.000.fts FLAT FLAT A 100.0 417 " & RPN CEEE B AETE
GIANO-B.2018-02-22T18-01-02.000.fts FLAT FLAT A 1000 37 11 & (REDEED) SESES i) Fetei

01-30-35.000 SCIENCE 10/23 Processing
GIANO-B.2018-02-22T17-68-56.000.fts FLAT FLAT A 1000 27 1 &

01-30-26.000 SCIENCE 9/23 Processing
GIANO-B.2018-02-22T17-56-48.000.fts FLAT FLAT A 1000 17 1 &

01-30-16.000 SCIENCE 8/23 Processing
GIANO-B.2018-02-22T17-52-50.000.fts DARK DARK A 1000 7 11 &

01-30-06.000 SCIENCE 7/23 Processing

-| -02- 528 £ 3

GIANO-B.2018-02-22T17-52-50.000_010.fts DARK DARK A 10,0 " 1 & T CEED 0B T
GIANO-B.2018-02-22T17-52-50.000_030.fts DARK DARK A 30.0 7" 1 & 012847000 SOIENCE 573 Procesaig
GIANO-B.2018-02-22T17-52-50.000_060.fts DARK DARK A 60.0 L 11 & 01-20-37.000 SCIENCE 423 Processing
GIANO-B.2018-02-22T17-60-43.000.fts DARK DARK A 1000 67 1 L 01-20-27.000 SCIENCE 323 Frocessing
GIANO-B.2018-02-22T17-50-43.000_010.fts DARK DARK A 10.0 67 1 & 01-2-17.000 SCIENGE 2123  Processing
GIANO-B.2018-02-22T17-50-43.000_030.fts DARK DARK A 30.0 67 n & DY SEENEE ZRes PR
GIANO-B.2018-02-22T17-50-43.000 060.fts DARK DARK A 60.0 6/7 ” & Q12602000 SCIENCE 22723 Processed

01-28-00.000 SCIENCE 21/23 Processed

01-27-50.000 SCIENCE 20/23 Processed

Figure 2. The 2D Spectra Ramp Processing tab Web UL

The Web UI consists of two main sections accessed through tabs. “2D Spectra Ramp Processing” (Fig. 2) shows
the progress of the 2D spectra creation through real-time ramp processing as described in Sec. 3. No action has
to be carried out by the user in order turn on the ramp processing, this process is always active watching for
new ramp segments.

If necessary (i.e. for inspection), the ramp-processed spectra files can be individually downloaded. Also, the
contents of the ramp-processed 2D spectra table can be downloaded as a text file.

“1D Spectra Extraction” (Fig. 3) displays the state of the calibration and scientific spectra processing. Unlike the
ramp processing, the spectra extraction has to be explicitly turned on. A node.js** application was developed
to enable the spectra extraction process start-up and shut-down from the Web UI.

Beside showing basic information on the extracted spectra (e.g. S/N in different spectral regions), the Web UI
allows individual download of the extracted 1D spectra. Also, the spectra can be plotted on an overlay (Fig. 4).
The plots are done on client side and are developed using plotly.js%.

Thttps://nginx.org/
“https://www.djangoproject.com/
**https://wsgi.readthedocs.io/
https://uwsgi-docs.readthedocs.io/
Hnttps://nodejs.org/
$nttps://plot.ly/javascript/
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@GIANO-B GIANO-B Online Data Reduction Software (DRS) 2D Spectra Ramp Processing 1D Spectra Extraction

GIANO-B 1D Spectra Extraction

Start / Stop processing Calibrations
Calibration type Number Status
Status: Running
FLATs 7 70K
DARKs 28 28 OK

Extracted spectra
Ramp-processed 2D spectra Extracted-calibrated 1D spectra Object S/N YJHK

GIANO-B.2018-02-23T01-33-50.000.fts Processing =
‘GIANO-B.2018-02-23T01-38-13.000.fts

‘GIANO-B.2018-02-23T01-25-05.000.fts GIANO-B.2018-02-23T01-25-05.000_AB_ms1d.fits ATO4 AB 2956 39.18 3546 26.41 lr &
‘GIANO-B.2018-02-23T01-29-27.000.fts
GIANO-B.2018-02-23T01-25-05.000_AB_s1d fits ATO4 AB &
GIANO-B.2018-02-23T01-25-05.000_A_ms1d.fits ATO4 A 2135 2847 2471 17.95 lr &
GIANO-B.2018-02-23T01-25-05.000_A_s1d.fits ATO4 A 25
GIANO-B.2018-02-23T01-29-27.000_B_ms1d.fits ATO4 B 19.13 26.69 25.35 18.98 v &
GIANO-B.2018-02-23T01-29-27.000_B_s1dfits ATO4 B &
GIANO-B.2018-02-23T01-16-12.000.fts GIANO-B.2018-02-23T01-16-12.000_AB_ms1d.fits ATO4 AB 29.7 39.49 35.5 26.67 r &
‘GIANO-B.2018-02-23T01-20-42.000.fts
GIANO-B.2018-02-23T01-16-12.000_AB_s1d fits ATO4 AB &
GIANO-B.2018-02-23T01-16-12.000_A_ms1d.fits ATO4 A 239 3082 25.26 18.79 lr &
GIANO-B.2018-02-23T01-16-12.000_A_s1d.fits ATO4 A &
GIANO-B.2018-02-23T01-20-42.000_B_ms1d.fits ATO4 B 16.89 24.45 2487 1858 lr &
AIANA-R 2N1R-N2-23TN 2042 NN R 1 fite aTna R *

Figure 3. 1D Spectra Extraction Tab of the Web UI showing spectra processing running during a typical observing night.

Spectrum Flux and S/N plot - trace 16 / order 47

Flux (ADU)

1630 1635

Wavelength (nm)

trace 16, order 47, range 16126-16486.

Figure 4. The plot overlay window of the Web UL

6. DATA ARCHIVING

After the GTANO-B data are acquired and processed, they are first archived locally at the TNG. Then, the data
are sent to the TNG public data archive at the Italian center for Astronomical Archives'¥, from where they are
available to the community for downloading. The sync times between the two nodes are typically around 20
minutes.

Mhttp://archives.ia2.inaf.it/tng/
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At the TNG side, a common HTTP service of the FITS data archive ingestion (FITS File Service - FFS) is
available, which has been used for archiving of the data of all the TNG instruments. The GIANO-B Online
DRS archives 2D and 1D spectra FITS data using the FFS. The access to the FFS is accomplished through a
specifically developed Python client to the service. The FITS files with 2D data are archived directly by the
ramp processor as soon as they are created (Sec. 3). The 1D spectra are archived shortly after their creation by
a dedicated process watching for newly extracted spectra.

7. FUTURE WORK

GIANO-B Online DRS has been operating at the TNG from March 2018, without any stability issues or failures
so far. That said, fast development timescales were a priority and for some of the parts of the system the imple-
mented solutions were not the most optimal. In fact, the system can probably benefit from certain more efficient
solutions, and the future work we envisage will possibly go towards the implementation of those improvements.
Even if the Online DRS works within the local network and virtually has no limitation in moving large amounts of
data on frequent requests, we will change from polling to event-driven approach. Beside of the evident efficiency
gains, this will also simplify the overall system architecture. In particular, technologies like Server-Sent Events
(SSE)*** will be considered for this.

Other updates may include the fortran code (Sec. 3) translation to Python, while still ensuring fast array ma-
nipulations (e.g. via numpy'iT). Also, overall code translation from Python 2.x to Python 3.x is considered.
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