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The Nobel prize in Physics 1974 was awarded “for their 
pioneering research in radio astrophysics: Ryle for his 
observations and inventions, in particular of the aperture 
synthesis technique, and Hewish for his decisive role in the 
discovery of pulsars”
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Sir Peter Mansfield (Nottingham)Paul Lauterbur (Illinois)

The Nobel prize in Physiology and Medicine 2003 was 
awarded “for their discoveries concerning magnetic 
resonance imaging”
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FIG. 9. 
Evaluation of different contributions on performance of our proposed method. RF+SP: 
random forest + sparse representation. RF+SP+WI: random forest + sparse representation + 
weighted input. RF+SP+WI+AV: random forest + sparse representation + weighted input + 
averaging-voting ensembling. RF+SP+WI+AV+CP: random forest + sparse representation + 
weighted input + averaging-voting ensembling+ clustering-based preselection. [Color figure 
can be viewed at wileyonlinelibrary.com]
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A"er comple+ng the course the students should be able to: 
(1) Describe the principles behind some advanced astronomical imaging 

techniques and iden+fy suitable topics in astrophysics that can be 
studies with them; 

(2) Understand the physics behind some of the most important medical 
imaging modali+es and describe their value in clinical applica+ons; 
(3) Iden+fy and discuss the differences and similari+es in the challenges 
faced when analyzing data in these two different disciplines; 
(4) Describe the theore+cal basis and suitability of several image/signal 
processing and analysis methods commonly used in astronomy and 
medical imaging; 
(5) Iden+fy suitable algorithms and apply them to astronomical and/or 
medical imaging datasets to enhance their scien+fic and/or clinical value; 
(6) Produce a wriMen course report

Learning outcomes



Lecturers & supervisors

Hidehiro Iida (PET Centre) 
Riku Klén (PET Centre) 
Kalle Koskensalo (Institute of Biomedicine) 
Timo Kravtson (Tuorla Observatory, Department of Physics and Astronomy) 
Seppo Mattila (Tuorla Observatory, Department of Physics and Astronomy) 
Harri Merisaari (Department of Clinical Medicine) 
Lauri Nummenmaa (PET Centre) 
Janika Paavola (Institute of Biomedicine) 
Venkatessh Ramakrishnan (Finnish Centre for Astronomy with ESO, FINCA) 
Jani Saunavaara (Terveystalo) 
Tuomas Savolainen (Department of Electronics and Nanoengineering, Aalto Univ.) 
Kerttu Seppälä (PET Centre) 
Mika Teräs (Institute of Biomedicine) 
Jarmo Teuho (PET Centre) 
Kaj Wiik (Tuorla Observatory, Department of Physics and Astronomy)



Course programme

Monday 9.5. (online) 
9:00-9:45 Introduction and motivation for the course (Seppo Mattila) 
10:00-11:45 Radio interferometry in astronomy (Kaj Wiik) 
12:00-12:45 Radio interferometric imaging in astronomy (Tuomas Savolainen) 
Wednesday 11.5. (online) 
9:00-10:45 Basics of optical/infrared observations and data processing in astronomy (Mattila) 
11:00-11:45 Astronomical imaging (Seppo Mattila) 
12:00-12:15 How to access the software for the course (Kaj Wiik) 
Thursday 12.5. (online) 
11:00-11:45 Positron emission tomography (PET) basics (Mika Teräs) 
11:45-12:30 lunch 
12:30-13:15 PET data Acquisition (Riku Klén) 
13:15-14:00 PET data reconstruction (Jarmo Teuho) 
14:15-15:00 PET modelling (Hidehiro Iida) 
Monday 16.5. Practical work on radio interferometry (Quantum room 109) 
9:00–10:00 Tutorial on radio interferometric imaging (Venkatessh Ramakrishnan, K. Wiik) 
10:00–13:00 Practical work: Getting everything running (Venkatessh Ramakrishnan, K. Wiik) 
Wednesday 18.5. (online) 
16:30-17:00 Medical imaging basics (Jani Saunavaara) 
17:00-19:00 MRI data acquisition (Jani Saunavaara) 



Course programme

Thursday 19.5 (online) 
09:00-10:45 MRI data processing (Harri Merisaari) 
11:00-11:45 MRI / PET applications (Lauri Nummenmaa) 
Monday 23.5. Practical work on MRI signal modelling and processing (Quantum 109) 
13:00–14:00 Tutorial on basic MRI image processing: Basic image processing steps for T1W 
and DTI; (Harri Merisaari + Kalle Koskensalo) 
14:00–17:00 Practical work: Getting everything running) (Harri Merisaari + Kalle Koskensalo) 
Wednesday 1.6. Practical work on astronomical imaging and spectroscopy (Quantum) 
09:00-09:45 Astronomical spectroscopy (Seppo Mattila) 
09:45-10:30 Tutorial on astronomical imaging and spectroscopy (Seppo Mattila, Timo Kravtsov) 
10:30–13:00 Practical work: Getting everything running (Seppo Mattila, Timo Kravtsov) 
Thursday 2.6. (online) 
9:00-9:45 Basics of EEG (Janika Paavola) 
10:00-10:45 Basics of EEG analysis (Janika Paavola) 
11:30-12:15 Time-domain data in astronomy (Seppo Mattila) 
Friday 10.6. Practical work on PET reconstruction and modeling (Quantum room 109) 
9:00-10:00 Tutorial on PET reconstruction and modeling (Jarmo Teuho, Kerttu Seppälä) 
10:00–13:00 Practical work: Getting everything running (Jarmo Teuho, Kerttu Seppälä)



• All the four sessions are compulsory to aMend in oder to pass the course 
+ you need to report the prac+cal work you have done in a course report 
Practical work on radio interferometry 
Practical work on MRI signal modelling and processing 
Practical work on astronomical imaging and spectroscopy 
Practical work on PET reconstruction and modelling 

Sessions will take place in Quantum room 109 + IT class room next door. Bring 
your own laptop!  

Practical sessions



Course report

• The minimum length is 9 pages (12 pt font) of text (2 pages based on each of 
the four prac+cal sessions + 0.5 page introduc+on + 0.5 page summary) + 
figures, tables, references 

• For repor+ng the work done in each of the sessions please follow the advice 
of the teachers 

• Keep in mind the learning outcomes (slide 10) when preparing your report 
• For wri+ng the report you can use any word processing so"ware that you are 

familiar with. Please, save the report as PDF 
• Please, hand-in to sepmat@utu.fi by 1st of August

mailto:sepmat@utu.fi
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Astronomical and medical imaging
opportunities for interdisciplinary exchange of know-how ?



Astronomical vs. medical imaging instrumentation

Astronomy
• Expensive one-off instruments using state-of-the-art technology
• Large international projects funded together by several countries
• For example the European Southern Observatory (ESO)
• Heavy competition for telescope time - time allocation committees rank proposals
• Determine which science will be done
• Most data are publicly available after 1 year from observation

Medicine
• Usually commercial instruments
• State-of-the-art instruments at more ‘affordable’ cost (from ~100-500 kEur for 

1.5T MRI scanners to >5 MEur for 7T MRI scanners) 
• Individual institutes/hospitals own their own instruments
• Freedom to decide which science will be done
• ‘Observer’ owns the data but data archives are in development !



Sky subtraction 
& flat fielding

Aline & 
combine

•  Use public and free packages (often python based)
•  Use pipelines (self-written or provided by the observatory)
•  Reductions usually described in detail in the paper

• Possible to exactly repeat
• Calibration using stars available in the images

1024x1024

Data reduction in astronomical imaging studies



raw (k-space) MR image After reconstruction

IFT

• Automatic but often 'hidden' data processing pipelines   
(required for the clinical use of the scanners)

• All details not always available to report in a paper, e.g., depend 
on the manufacturer of the imaging device

• Might be difficult to exactly repeat the data processing steps
• Quality controls for medical imaging data using phantoms

128x128

Data reduction in medical imaging studies



Archiving data: astronomical and medical imaging 

• International observatories responsible for storing and distributing the raw data 
(and more advanced data products), e.g., the ESO and HST Science Archives

• Astronomical data become available for the whole international research 
community typically one year from the date of observation

• Data archives open completely new opportunities for research (examples from 
astronomy!) - virtual observatories the digital future for astronomy !



Archiving data: astronomical and medical imaging 

• International observatories responsible for storing and distributing the raw data 
(and more advanced data products), e.g., the ESO and HST Science Archives

• Astronomical data become available for the whole international research 
community typically one year from the date of observation

• Data archives open completely new opportunities for research (examples from 
astronomy!) - virtual observatories the digital future for astronomy !

ESO VLT (archival)          ESO VLT (new data)         ESO NTT (new data)



3D visualisation: astronomical and medical imaging 

• In medical imaging 3 dimensional information (x, y, z) often available and 
sophisticated tools already exist for the analysis and visualisation of data cubes

10 Larsson et al.

Figure 11. 3D iso-surfaces for [Si I]+[Fe II] (top row) and H↵ (bottom row). Plots from left to right show the contours corresponding to
30%, 50% and 70% of the maximal intensity of each line, as indicated by the color bar. The ring shows the location of the reverse shock at
the inner edge of the equatorial ring, while the dotted line and filled sphere indicate the line of sight and the position of the observer. The
tick marks on the axes correspond to 1000 km s�1. The boxes to the lower, right of each plot shows the resolution along the three axes.
The [Si I]+[Fe II] plots include all data out to 4500 km s�1 in all directions, with the central ±450 km s�1 along the line of sight removed
due to contamination from the ring. The latter cut creates a gap in the centre which, however, is not seen in the top, left panel due to
projection e↵ects. The data cube was binned by a factor of six in the spectral direction. The H↵ plots were created from the ring-corrected
spectra in Fig. 6, which cover [�2000,+2300] km s�1 in the x-direction and [�3300,+2800] km s�1 in the y-direction. The main e↵ect of
these cuts is that some of the bright ejecta in the south is excluded (see lower, right panel of Fig. 9). Along the line of sight, all data within
±4500 km s�1 are included. Animated versions of this figure are available in the online version of the journal. The animations include
di↵erent viewing angles, as well as semi-transparent versions that show multiple contour levels simultaneously.producing the hotspots, which brightened with time. This phase

ended ∼8000 days after the explosion and the hotspots are now
fading in our observations that extend to 9975 days.

The turn-on of the hot spots occurred between
5000–6000 days at the same time as the emission peaks moved
inward (Figure 3). These dense “protrusions” may have
recombined at early time due to their high density and only
became visible when hit by the shock. The flux from the
hotspots peaked earliest on the east side of the ring.

The high-resolution spectroscopy from the UVES observa-
tions allows us to separate the contribution to the light curve
from the unshocked ring (emitting narrow lines with FWHM
∼10 km s−1; Gröningsson et al. 2008b) and the shocked
hotspots (emitting lines with typical velocities ∼300 km s−1).
In the middle panel of Figure 2 we show the light curves of
three different lines from the shocked gas (Hα, [Fe XIV] λ5303,
and [O III] λ5007), which all show a similar evolution as the
HST light curves. In the lower panel we show the fluxes of the
strongest narrow lines from the unshocked gas (Hα, [N II]
λ6583, and [O III] λ5007). Up to ∼7000 days the unshocked
[O III] and Hα lines increase in flux, caused by pre-ionization by

the soft X-rays. After this epoch all three lines, however,
decline more steeply than the lines from the shocked gas.
From the UVES observations of Hα we also find that the

shocks are radiative up to at least ∼700 km s−1, and possibly up
to ∼1000 km s−1, depending on the angle of the shocks relative
to the line of sight (Gröningsson et al. 2008a; K. Migotto et al.
2015, in preparation). Using the cooling time from Gröningsson
et al. (2008a) this indicates a density of up to 6 10 cm4 3_ q � in
the clumps. This can be compared to the velocities derived from
the proper motions in Section 2, where the average was found to
be ∼540 km s−1. This directly reflects the propagation of the
shocks through the clumps and and concomitant acceleration of
the post-shock gas. Although the radial and proper motion
velocities are in perpendicular directions, the 43° inclination of
the ring results in a similar correction, assuming that the
expansion is radial from the explosion center. These two
methods therefore result in similar shock velocities.
The most interesting recent changes are shown in Figure 4,

with the emergence of new, faint spots, as well as diffuse
emission, outside the ring. These new spots are most clearly

Figure 1. Evolution of the ring collision from 1994 to 2014 (days 2270–9975) from a combination of HST B- and R-band images. The brightness of the ring has been
reduced by a factor of 20 by applying a mask to the images. This makes it possible to see the morphology of the ring at the same time as the faint ejecta and regions
outside. The new spots are better seen in the difference images in Figure 4. The flux scale is otherwise the same for all panels. The size of the field is 2″. 1 × 1″. 8. North
is up; east is left.
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Figure 7.

Additional examples of 3D renderings of MRI data.

( a) Glass brain rendering of fMRI clusters associated with finger tapping, based on data from Gorgolewski
et al. (2013), from three perspectives. ( b) Glass brain rendering of the anatomical ROIs included in the
Oxford-GSK-Imanova Structural Striatal Atlas ( c) 3D rendering of the structures included in the JHU
white-matter tractography atlas, with different mesh properties used for the 0%, 25%, and 50% probability
estimates from the maximum probability volumes. See main text for additional details on the sources of the
MRI data.

Images in this article

Functional magnetic resonance imaging (fMRI)

• In astronomical imaging instruments with integral 
field units provide data also in 3D (x, y, λ) and new 
tools are being developed



Data quality control: astronomical and medical imaging 

• In astronomy can usually identify several point sources (stars) common to the images
• Can derive precise geometric transformations, match point spread functions and 

signal levels between the images - importance for calibration and data quality control
 

Mattila+2007



Data quality control: astronomical and medical imaging 

• In astronomy can usually identify several point sources (stars) common to the images
• Can derive precise geometric transformations, match point spread functions and 

signal levels between the images - importance for calibration and data quality control
 

• In medical imaging can use test objects (phantoms) to provide reference structures 
(similar to stars in astronomy) in the imaging volume to allow precise mapping of 
geometric distortions, uniformity and stability of the signal

Mattila+2007
Mattila et al. 2007, MRM

MRI data from GE 3T @ 
HUT
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