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A two-way street between mathematics and its applications



We connect important application areas and 
mathematical theory

APPLICATIONS
Seismic imaging
Remote sensing

LINKING METHODOLOGY
Numerical and statistical 
methods

MATHEMATICS
Wave equation
Geometry 



Our young scientists are trained in the best 
scientific and engineering environments 
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Shuai Lu
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Xiaoqun Zhang
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Martin Burger
Yaroslav Kurylev
Carola Schönlieb

Postdocs and PhD students regularly visit leading experts 
at top-ranked academic institutions. 
Graduating PhD’s can choose to work in a spin-off company or with an 
industrial partner. Examples: Ajat, Apple, Arbonaut, Bintec, Nokia, 
KavoKerr, Outotec, OwnSurround, Relex, Rocsole



Traditional algorithms in medical imaging cause artifacts. 
The ultrasound image taken during pregnancy (on left), has a mirror image artifact. 
This led to a wrong diagnosis of extra-uterine pregnancy. 

New full waveform inversion algorithms solve numerically 
partial differential equations and do not produce such artifacts.

Uncertainty Quantification (UQ) makes these models reliable.

New paradigms in wave imaging



Geometric imaging Wave imaging is based on non-Euclidean geometry. 
We study wave imaging and travel time inverse 
problems to create new algorithms to several 
imaging modalities. (Initial steps by Salo et al, 
Invent. Math 2013). 

Manifold learning is developed with C. Fefferman.

Shapes of asteroids can be determined from 
brightness curves (Kaasalainen et al, Nature and 
Science). 
Now we develop methods to image interiors of 
asteroids using wave equations. 



Nonlinear partial differential equations
The Blessing of Nonlinearity: Non-linear interaction helps imaging (Kurylev et 
al, [Invent. Math. 2018]). As example of this, consider the waves

and
Their product        

creates a source having doubled frequency.
Non-linearity appears in new medical imaging modalities. 
Example: photo-acoustic tomography (Fig. by Tarvainen et al, [IEEE Trans Med

Imag, 2016]).



UQ for climate research
NASA

NASA

Quantification of uncertainties is crucial in 
climate models. 

Large uncertainties in CO2 exchange 
between land, ocean and the atmosphere 
and the underlying mechanisms.

We provide methods to verify emission 
inventories.

Our publications on the first steps:
• Hakkarainen et al, Geophys. Res. 

Lett., 2016 
• Eldering et al (incl. Tamminen, 

Hakkarainen, Science, 2017 
• Campbell et al (incl. Laine), 

Nature, 2017



Electric Impedance Tomography in medical 
imaging and imaging of concrete and motors 

We validate loss models in electric motors 
via thermal and electric imaging.

Monitoring of motors with thermal 
cameras, and by electric impedance 
tomography on conducting films within the 
motor.

Solutions with uncertainty quantification, 
non-linear equations and optimal design of 
measurements.

In Electric Impedance Tomography, interior conductivity is determined from external 
measurements. We use this for imaging of brains, concrete structures and motors.



We support sustainable development, medicine, 
safety, and environment



International
Asteroid shape recovery was the most reported Finnish science news
Sensing skin by Seppänen was reported in more than 80 on-line journals

In Finland
Aamulehti (newspaper): satellite launch 
Helsingin Sanomat (newspaper): stroke EIT

Examples of our visibility outside academia



Outreach and polularization
• Samuli Siltanen’s YouTube channel
• Visits of  high school students on the campuses and in the

Industrial Mathematics Laboratory (in UH)
• Samuli Siltanen’s Applied Math blog and Science bolg on 

YLE
• J.V. Snellmann prize (Samuli Siltanen)



Medical X-ray tomography

In Computerized Tomography, X-ray pictures are
taken from many different directions.





Application: dental implant planning, where a 
missing tooth is replaced by an implant



Images b) and c) have the same information for 
the dentist, but c) gave 100 times more dose



Universality of mathematics: tomography arises 
from many applications

Helin T, Kindermann S, Lehtonen J and Ramlau R,
Atmospheric turbulence profiling with an unknown power spectral density, 
Inverse Problems (2018)



Universality of mathematics: tomography arises 
from many applications

Researchers from LUT work at the log tomography start-up 
company developing high quality wood technology.



Shapes of asteroids
can be recovered from 
light-curve
inversion combined
with fly-by 
measurements.

See Kaasalainen 
et al.
[Nature 446 (2007)]
[Science 8 (2010)]
[Astronomy & Astrophysics 
2010-2017]

Kaasalainen: Bayesian methods combine various 
kinds of data in inversion



Replacing light rays by geodesics leads to 
nonlinear tomography problems



Replacing light rays by geodesics leads to 
nonlinear tomography problems











We form an interactive research community, 
globally identified as a Centre of Excellence




