
Shift estimation in 1H NMR spectroscopy

Context

Nuclear Magnetic Resonance (NMR) spectroscopy [1] is a magnetic spectroscopy involving samples that
are often bio organic molecules such as small metabolites or protein. NMR spectroscopy records signals
(spectra) coming from atomic kernels and more precisely from isotopes. Such spectra are acquired
directly in the Fourier domain. When observing complex mixtures, the observed spectra constitute a
mix of several pure spectra. The aim is to recover which compounds are present in a given mixture and
in which proportion.
From the mathematical and signal processing point of view, this task is known as blind source separation
(BSS) and consists of a joint estimation of the unknown sources and their unknown mixing coefficients
from observed signals. In other words, given a matrix of observations X (NMR spectra of mixtures),
one wants to estimate the matrix A (mixing matrix) and the matrix S (sources, pure spectra) such that
X ≈ AS.
However, when mixing the compounds, the chemical environment of the molecules is changed, result-
ing in shifts (translation) in the spectra (see Fig. 1 for illustrations). These shifts must be corrected so as
to be able to separate the sources. Currently, these shifts are manually compensated for by practitioners
before source separation.
In this internship, the aim is to develop a combined technique that automatically aligns shifted spectra
while separating the source. The envisaged approach is inspired by works on deformable templates
[4]. It involves a statistical modeling of observed signals as shifted versions of templates represent-
ing sources. It also calls for optimization techniques or stochastic algorithms (such as SAEM) for the
simultaneous estimation of shifts, sources, and mixing coefficients.

Figure 1: 1H NMR spectra: correspondence of X (blue) and AS (red) before alignment pre-processing
(whole spectra (left), expanded regions (middle,right)).

Objectives

The intern will be involved in all different steps of the development of the technique:
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• Modeling: define a statistical model of sources including shifts,

• Methodology: construct an hybrid technique that simultaneously separates the sources and esti-
mates shifts,

• Implementation of the algorithm in Matlab or Python,

• Evaluation: generate synthetic data from the model and test the method on it,

• Application to real NMR spectra;

• Integration into BSS methods.

Note that the internship includes not only bibliographic and theoretical parts, but also an important
programming task and application to real data. Regular discussions with supervisors are mandatory.
To deal with these tasks, the intern will be supported by the team of the project BIFROST gathering
several experts in applied mathematics, statistics, optimization, and signal processing.

Practical informations

The internship takes part in the project BIFROST which received a funding from the Excellence Initiative
of Aix-Marseille University - A*Midex, a French “Investissements d’Avenir” programme (More details
can be found in http://www.i2m.univ-amu.fr/project/bifrost/).

The training period will take place in the Signal and Image team I2M
(https://www.i2m.univ-amu.fr/Equipe-Signal-et-Image-SI) of the Institut de Mathéma-
tiques de Marseille (https://www.i2m.univ-amu.fr), which is a joint research center between Aix -
Marseille University, Ecole Centrale Marseille and CNRS (Centre National de la Recherche Scientifique).
The Signal and Image team at I2M is easily accessible from downtown Marseille by public transporta-
tion (Metro Line 1 in the direction of La Rose until the last station La Rose. Then Bus B3B direction
Technopôle de Château Gombert until the Technopôle Polytech Marseille stop).

The advisors are:

• Prof. Frédéric Richard https://www.i2m.univ-amu.fr/perso/frederic.richard/

• Dr. Afef Cherni https://www.i2m.univ-amu.fr/perso/cherni.a/

The training period should last at least 4 months between March 2020 and September 2020. The trainee
will receive around 550 euros per month (net salary).

Candidates should send a CV and motivation letter to frederic.richard@univ-amu.fr and afef.cherni@univ-
amu.fr showing their motivation and capabilities in developing an advanced research project in applied
mathematics (optimization), signal/image processing (inverse problems) and computer science (pro-
grammation in Matlab and/or python) before 31 January 2020. They should be at graduate level (first
or second year of Master or equivalent).
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