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GRIS+ ◦  WHY GREGOR NEEDS NEW EYES
ANDREAS LAGG, H.-P. DOERR, F. IGLESIAS, M. VAN NOORT AND THE GRIS+ TEAM  
MPI FOR SOLAR SYSTEM RESEARCH, GÖTTINGEN  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MOTIVATION FOR GRIS+

GRIS is scientifically successful 
GREGOR performs well in the IR 
IR highest magnetic sensitivity 
Interesting lines for photosphere 
& chromosphere: 

He 10830 (incl. Si 10827, Ca 10834, 
Ca 10838) 
Fe 15650 (g=3, 50—100 km deeper 
than 630 nm), (Fe 15550 —> Smitha) 

Spatial resolution not at diffraction 
limit 
Photon efficiency too low
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HISTORY - DIFFRACTION LIMITED SPECTRO-POLARIMETRY
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PSF smearing

0 10 20 30 40
0
2
4
6
8

10
12
14
16

y
[a

rc
se

c]

0 10 20 30 40
x [arcsec]

0
2
4
6
8

10
12
14
16

y
[a

rc
se

c]

0.88
0.90
0.92
0.94
0.96
0.98
1.00
1.02
1.04

I c

�0.016
�0.012
�0.008
�0.004
0.000
0.004
0.008
0.012
0.016

V

THE PROBLEM: UNKNOWN PSF INFLUENCES INTERPRETATION
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Example 1: 
Strong fields in a 
quiet environment

No PSF
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THE PROBLEM: UNKNOWN PSF INFLUENCES INTERPRETATION
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Example 2: 
Weak fields in a 
strong B regions
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THE SOLUTION: KNOW YOUR PSF

6

van Noort, 2012
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MPS INSTRUMENT DEVELOPMENT FOLLOWED…

7

1. Fast Solar Polarimeter 
(FSP + FSP2, Alex Feller) 

2. Microlens Hyper Imager 
(MiHI, Michiel van 
Noort) 

3. Reconstruction of slit 
spectra (with 
TRIPPEL@SST, Michiel 
van Noort) 

4. GRIS+ (Hans-Peter 
Doerr, Francisco 
Iglesias)
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SPECTRAL RECONSTRUCTION: THE METHOD
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Astronomy & Astrophysics manuscript no. ms c� ESO 2017
November 23, 2017

Image restoration of solar spectra

M. van Noort

Max-Planck Institute for Solar System Research, Justus-von-Liebig-Weg 3, D-37077 Göttingen, Germany

Draft: 4:12pm November 23, 2017 (CVS version 1.2, checked in by noort on 2015-01-14, 09:29:41 UT)

ABSTRACT

Context. When recording spectra from the ground, atmospheric turbulence causes degradation of the spatial resolution.
Aims. We present a data reduction method that restores the spatial resolution of the spectra to their undegraded state.
Methods. By assuming that the point spread function (PSF) estimated from a strictly synchronized, broadband slit-jaw camera is the
same as the PSF that spatially degraded the spectra, we can quantify what linear combination of undegraded spectra is present in each
degraded data point.
Results. The set of equations obtained in this way is found to be generally well-conditioned and su�ciently diagonal to be solved
using an iterative linear solver. The resulting solution has regained a spatial resolution comparable to that of the restored slit-jaw
images.
Conclusions. We have developed a new image restoration method for the restoration of ground-based spectral data over a large field
of view. The method builds on the PSF information recovered by the MOMFBD code and typically reaches a spatial resolution
comparable to that of the broadband slit-jaw images used to recover the PSF.

Key words. Techniques: imaging spectroscopy, methods: data analysis, numerical

1. Introduction

One of the main advantages of observational solar physics has
traditionally been the ability to resolve the individual features
on the surface of the Sun. Many advances in solar physics have
been, at least in part, due to advances in observational capabili-
ties, either in sensitivity, or in resolution in the spatial, spectral,
or time dimensions.

Increases in the throughput and optical performance of
ground-based solar instrumentation (e.g., SST/CRISP, NST/VIS
and DST/IBIS), all supported by adaptive optics systems, have
produced a dramatic increase in the quality and time resolution
of the available image data in the last two decades. This is further
enhanced by an equally impressive increase in computing power
in recent times that has made the use of post-facto image restora-
tion techniques (e.g., SPECKLE, [MO]MFBD) routine practise.
Consequently, a solar telescope is now considered competitive
only when it is able to reach a spatial resolution comparable to
its theoretical di↵raction limit on a number of days during each
observing season, covering a continuous, uninterrupted period
of at least an hour, when image restoration techniques are used
to restore the raw data.

For a number of reasons, however, advances in the acquisi-
tion of data of high spectral resolution have not been quite as im-
pressive. Although high-spectral-resolution maps obtained in an
optically stable environment are an excellent way to study the so-
lar photosphere, as was demonstrated convincingly by the spec-
tropolarimeter onboard the Japanese Hinode satellite (Kosugi
et al. 2007), progress in obtaining such data from the ground
has been significantly less convincing, where the most signifi-
cant advance has been the use of advanced solar adaptive optics
systems (von der Luehe et al. 1989; Rimmele et al. 1999; Denker
et al. 2007; Schmidt et al. 2016) in combination with traditional
long-slit spectrographs. While the improvements made by adap-

Send o↵print requests to: M. v. N.: e-mail: vannoort@mps.mpg.de

tive optics systems to spectrograph data are noteworthy and con-
siderable (Collados et al. 1996), the spatial resolution of such
observations still does not compare favorably to that of imag-
ing data restored using image restoration techniques (Hirzberger
et al. 2001), primarily due to the long exposure time typically
needed to compensate for the high spectral resolution of the data,
but also due to the removal of one of the spatial dimensions by
the spectrograph slit, necessary to obtain the high spectral reso-
lution.

While the long exposure time leads to a smearing of the so-
lar scene, which is blurred and moved around on a short time
scale due to atmospheric turbulence, the absence of the full spa-
tial information from the data prevents the direct application of
an image restoration technique to the data. Although Keller &
Johannesson (1995) and later Sütterlin & Wiehr (2000) already
attempted to use a parallel slit-jaw camera to deconvolve the
spectra using the speckle technique, their results did not cap-
ture much attention and remained virtually unused for over 20
years. Beck et al. (2011) continued their e↵orts by attempting to
estimate the straylight contamination in very general terms, en-
hancing the contrast, but not dramatically improving the spatial
resolution.

In this paper, we explore a new method that uses wavefront
information obtained with the MFBD technique from a slit-jaw
camera to restore strictly simultaneously recorded spectral data.
Although developed independently, and not based on the speckle
technique, the method uses a formulation similar to the one used
in Keller & Johannesson (1995) .

2. Restoration of spatially degraded data

Over the past decade, the restoration of spatially degraded data
has become an indispensable tool in exploring the full poten-
tial of solar ground-based observational data. The use is now so
widespread that new instruments are specifically designed with

1

MvN: It 
occurred to me…
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SPECTRAL RECONSTRUCTION: THE METHOD
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Image data (SJC): 
• based on Multi-Frame Blind 

Deconvolution (MFBD, Löfdahl, 
2002; van Noort, 2005)  

• assumption of spatially 
independent transfer function over 
5”x5” (1-m class telescope) 

• image recording must be 
significantly faster than timescales 
of wavefront changes (seeing-
freezing, typically 10 ms for 1m) 

➟ obtain SJC PSF

Spectroscopic data: 
• required: low readout noise, high 

duty-cycle, fast detectors 
• slit transmits only 1 spatial 

dimension, low photon flux 
• seeing / jitter + scanning adds 2nd 

spatial dimension (note: discrete 
scanning is disadvantageous!!) 

➟ apply SJC PSF 
• typically 107 variables, solved in 

segments of 104

Original idea: C. Keller et al.,  1995
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SPECTRAL RECONSTRUCTION
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• Diffraction limit can be 
reached even for 
spectropolarimetric data 

• Constant quality during 
whole scan (seeing 
fluctuations enter mainly into 
the noise level) 

• Reconstruction 
• increases noise level 
• increases signal 
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SCAN WITH TRIPPEL @  SST: STOKES I & V
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SCAN WITH TRIPPEL @  SST: RESTORED SPECTRA

12

restored

unrestored
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GRIS+   -   STATUS
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• spectrograph camera: 
mounted October 2017 

• slit-jaw camera: 
mounted November 2017 

• temporary setup 

• only single-beam (dual 
beam 2018) 

• no large scans possible 
• spectrograph (grating) jitter
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GRIS+  -  FUTURE PLANS
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1st half 2018 
• solidify setup 

• improve AO scanner 
• improve SJ-unit 
• new slit (avoid 4 mirrors) + dust 

prevention / cleaning plan 
• cabling, location, … 

• software development 
• operation GUI 
• data reduction software & quick 

look tools 
• communication with GREGOR 

• scientific test campaigns

2nd half 2018 
• scientific campaigns: 

with MPS participation only! 
• continuation of software 

development 
• completely new setup in 5th 

floor?

User instrument 
not before it’s good!  
(2019?)
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GRIS+   -   FIRST DATA
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SEE NEXT TALK BY HP
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HINODE  —>  GRIS+
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SEE NEXT TALK BY HP


