
Printed by Jouve, 75001 PARIS (FR)

(19)
EP

3 
58

8 
12

0
A

1
*EP003588120A1*

(11) EP 3 588 120 A1
(12) EUROPEAN PATENT APPLICATION

(43) Date of publication: 
01.01.2020 Bulletin 2020/01

(21) Application number: 18179985.9

(22) Date of filing: 26.06.2018

(51) Int Cl.:
G01R 33/46 (2006.01)

(84) Designated Contracting States: 
AL AT BE BG CH CY CZ DE DK EE ES FI FR GB 
GR HR HU IE IS IT LI LT LU LV MC MK MT NL NO 
PL PT RO RS SE SI SK SM TR
Designated Extension States: 
BA ME
Designated Validation States: 
KH MA MD TN

(71) Applicant: Bruker BioSpin GmbH
76287 Rheinstetten (DE)

(72) Inventors:  
• Fischer, Christian

76287 Rheinstetten (DE)
• Lang, Markus

8634 Hombrechtikon (CH)

• Wyser, Martin
8910 Affoltern a/A (CH)

• Neidig, Klaus Peter
76275 Ettlingen (DE)

• Fey, Michael Erich Wilhelm
Andover, MA 01810 (US)

(74) Representative: Bittner, Peter et al
Peter Bittner und Partner 
Herrenwiesenweg 2
69207 Sandhausen (DE)

Remarks: 
Amended claims in accordance with Rule 137(2) 
EPC.

(54) SYSTEM AND METHOD FOR IMPROVED SIGNAL DETECTION IN NMR SPECTROSCOPY

(57) A system (100), method and computer program
product for improved NMR signal detection. The system
receives NMR signal data (202) produced by a sample
(201) over time in response to an excitation pulse and
selects a predefined system function (S, 121) for appli-
cation to the NMR signal data (202) for systematic vari-
ation of signal properties The system function has a dif-
ferent influence on NMR signal components than on
noise components of the sampled signal and has a var-
iation parameter (VP) to control the systematic variation.
A plurality of variation parameter values is provided with
differing values to influence broad NMR signals as well
as weak NMR signals. The system generates for each
variation parameter value (VP-1 to VP-n) a correspond-
ing intermediate data set (102-1 to 102-n) by applying
the system function (121) with the respective variation
parameter value (VP-1 to VP-n) to the NMR signal data
(202). Further, from each intermediate data set (102-1
to 102-n) a respective base value centered spectrum
(103-1 to 103-n) is generated in the frequency-domain.
The respective base value centered spectra eliminate
offsets from the intermediate data sets by approximating
corresponding base values representing the actual off-
sets. The signal intervals (109) are detected by extracting
from the base value centered spectra (103-1 to 103-n)
for each frequency point variations induced by the system
function and identifying frequency intervals with signifi-

cant variation as signal intervals.
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Description

Technical Field

[0001] The present invention generally relates to signal
detection in NMR spectroscopy and more particularly to
improved signal detection based on systematic variation
of signal properties.

Background

[0002] Nuclear magnetic resonance (NMR) spectros-
copy is a spectroscopic technique to observe local mag-
netic fields around atomic nuclei. A sample is placed in
a magnetic field and the NMR signal is produced by ex-
citation of the nuclei sample with radio frequency (RF)
pulses into nuclear magnetic resonance, which is detect-
ed with sensitive RF receivers. The intramolecular mag-
netic field around an atom in a molecule changes the
resonance frequency, thus giving access to details of the
electronic structure of a molecule and its individual func-
tional groups. For example, NMR spectroscopy is used
to identify monomolecular organic compounds, proteins
and other complex molecules. Besides identification,
NMR spectroscopy provides detailed information about
the structure, dynamics, reaction state, and chemical en-
vironment of molecules. Common types of NMR are pro-
ton and carbon-13 NMR spectroscopy, but it is applicable
to any kind of sample that contains nuclei possessing
spin.
[0003] Upon excitation of the sample with a radio fre-
quency (typically 60-1000 MHz) pulse, a nuclear mag-
netic resonance response is obtained which is referred
to as free induction decay (FID) herein. The FID is a very
weak signal and requires sensitive RF receivers to pick
up. A Fourier transform can be applied to extract the fre-
quency-domain spectrum from the raw time-domain FID.
A spectrum from a single FID typically has a low signal-
to-noise ratio. Decay times of the excitation, typically
measured in seconds, depend on the effectiveness of
relaxation, which is faster for lighter nuclei and in solids,
and slower for heavier nuclei and in solutions whereas
they can be very long in gases.
[0004] Some existing NMR signal detection methods
are based on computing the derivation of the frequency
spectrum in a first step. As a consequence, broad signals
(i.e. signals extending over a relatively large frequency
interval in the frequency domain) get lost whereas narrow
signals are preserved. Further the derivation generates
artefacts which can lead to false positives and false neg-
atives. Such disadvantages can be remedied only par-
tially with the Continuous Wavelet Transformation.

Summary

[0005] There is therefore a need to provide systems
and methods for more robust signal detection where all
relevant signals in a NMR signal data set can be detected

with a high probability independent of their signal inten-
sity and signal width (i.e. the width of respective signal
peaks).
[0006] Embodiments of the invention as claimed in the
independent claims in the form of a computer-implement-
ed method, computer system and computer program
product solve this technical problem using the claimed
features.
[0007] In one embodiment, a computer-implemented
spectroscopic method for improved NMR signal detec-
tion is provided. The computer-implemented method can
be executed by a computer system which can process a
respective computer program product. The computer
system has an interface to receive NMR signal data pro-
duced by a sample over time in response to an excitation
pulse. Typically, the excitation pulse is an RF-pulse and
the response of the sample, the free induction decay FID,
is an exponentially falling, weak radio signal which typi-
cally ceases within about two seconds after the excitation
pulse. When transforming this signal from the time-do-
main into the frequency domain (Fourier transformation),
the resulting frequency spectrum shows multiple signal
peaks at different frequencies which are indicative of cer-
tain nuclear cores (e.g., 1H, 13C, 15N, etc.). The amplitude
of such peaks can be very small and difficult to distinguish
from noise components of the signal. At the same time
the width of some peaks can be quite broad (extending
over a relatively large frequency range).
[0008] To better distinguish real NMR signal compo-
nents from noise components, the claimed approach us-
es a predefined system function and applies the system
function to the NMR signal data for systematic variation
of signal properties. Thereby, the NMR signal data may
be the originally sampled data in the time-domain or the
data may already be transformed into the frequency-do-
main. The system function can be selected from a group
of possible system functions suitable for the respective
domain. For example, there are system functions which
are applicable to the raw time-domain data (the data di-
rectly obtained from the measurement) whereas other
system functions can be applied to the corresponding
frequency spectrum. Appropriate system functions in-
clude but are not limited to: convolution in the Frequency
domain using a Lorentz function, Gaussian function or
Trapezium function, and multiplication in the time domain
using an exponential decay function, exponential slope
function or trigonometric function. For example, using
multiplication of NMR signal data in the time domain with
an exponential decay function is advantageous with re-
gards to the computational efficiency of the system. In
the time domain, the noise components dominate at a
later delay than the signal components. So multiplication
of the raw data in the time domain with an exponential
decay function results in a higher amplification of the sig-
nal components than of the noise components.
[0009] For the claimed approach it is irrelevant, wheth-
er the system function is applied in the time-domain or
in the frequency-domain as long as an appropriate sys-
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tem function is selected for the respective domain. The
selected system function is adapted to have a different
influence on NMR signal components than on noise com-
ponents of the sampled signal. Further, the system func-
tion has a variation parameter which allows to control the
systematic variation of the signal properties. In other
words, applying the system function with multiple differ-
ent variation parameter values to the NMR signal data
(either in the time of frequency domain) allows to produce
multiple variation versions of the NMR signal data. In
other words, when applying the system function with the
respective variation parameter values to the sampled
NMR signal data a corresponding intermediate data set
is generated for each variation parameter value. In prac-
tice, preferably 3 to 20 variation parameters can be used.
Advantageously, 5 to 10 variations parameter values are
used.
[0010] It can be advantageous to use a variation pa-
rameter with Hertz as the unit of measurement. The var-
iation parameter values may be provided as predefined
parameters which are of the order of the half-width of
signal peaks in the frequency-domain of the received
NMR data set. That is, the parameter values are defined
in such a way that each relevant peak of the spectrum
(in the frequency-domain) is influenced by at least one
of the variation parameter values. The variation param-
eter values may be predefined based on the experience
gained from previous measurements. Advantageously,
the differing values of the variation parameter values can
be selected to influence, in the frequency-domain, NMR
signals with a signal intensity within a given interval
around the mean signal intensity of the sampled signal,
and NMR signals with a signal width within a given inter-
val around the mean signal width. Such variation param-
eter values ensure that sharp signals with low signal in-
tensity as well as broad signals will be substantially af-
fected by the application of the system function which
will finally allow to detect such signals with high certainty.
Affecting a signal substantially when applying the system
function means that the different variation parameter val-
ues lead to a significant variation (e.g., variance) of the
processed signal values in the respective intermediate
data sets. In one embodiment, the system can automat-
ically analyze the peaks in the frequency spectrum of the
received NMR data set. The system can then automati-
cally determine appropriate parameter values based on
the height and width of the observed peaks in accordance
with the above selection criteria.
[0011] It is to be noted that certain system functions
are adapted to be applied in the time-domain, whereas
other system functions are adapted to be applied in the
frequency domain. With the implementation of certain
system functions, such as, for example, the exponential
decay function, the application of the system function in
the time-domain leads to a computationally efficient em-
bodiment.
[0012] The computer system then generates from
each intermediate data set a respective base value cen-

tered spectrum in the frequency-domain. In case the in-
termediate sets were generated in the time-domain a
Fourier transformation can be used to transform the in-
termediated data sets into the frequency domain. In case
the intermediate data sets were already generated in the
frequency-domain no such transformation is necessary
at this stage. For generating the base value centered
spectra the computer system computes for each frequen-
cy point of the intermediate data sets in the frequency-
domain an ensemble base value based on the respective
values of all intermediate data sets. That is, the ensemble
base value at a particular frequency point may be formed,
for example, as the arithmetic mean of the respective
intermediate data set values at the particular frequency
point. Other mean values or statistical methods may be
used to compute an appropriate base value, including
but not limited to geometric mean, harmonic mean, quad-
ratic mean, median value, etc. For each frequency the
respective computed ensemble base value is then sub-
tracted from the respective values of the intermediate
data sets resulting in the corresponding base value cen-
tered spectrum for each intermediate data set. That is, if
N variation parameter values were used for the system
function N base value centered spectra will result from
this step. In other words, the base value centered spectra
eliminate offsets from the intermediate data sets. This
includes approximating corresponding base values rep-
resenting the actual offsets.
[0013] In the following steps, the system distinguishes
the NMR signal components from the noise components
which are included in the received raw signal data. This
is achieved by extracting from the base value centered
spectra for each frequency point variations induced by
the system function and identifying frequency intervals
with significant variation as signal intervals.
[0014] In one embodiment, the system generates a
(single) deviation spectrum (e.g., a standard deviation
spectrum) from the plurality of generated base value cen-
tered spectra. The deviation spectrum includes frequen-
cy intervals which include peaks resulting from variations
induced by the system function, and further includes fre-
quency intervals with noise components only. For deter-
mining a noise value, the system selects a non-signal
(frequency) interval in the deviation spectrum. A non-sig-
nal interval can easily be determined by looking at a par-
ticular frequency interval which does not show any peaks
and analyzing whether the signal in the particular fre-
quency interval shows a normal distribution and therefore
qualifies as a mere noise signal with no NMR signal com-
ponents included. A weighted noise value is now deter-
mined for non-signal intervals in the deviation spectrum.
[0015] In one embodiment, a noise value can then be
determined by computing the mean value and the stand-
ard deviation for the selected non-signal frequency inter-
val in the deviation spectrum. The computed standard
deviation can then be multiplied with a predefined weight-
ing factor resulting in a weighted noise value. The weight-
ing factor is selected so that a threshold probability is
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determined for values in the deviation spectrum which
ensures that values being lower than or equal to the
weighted noise value to qualify as noise values with said
threshold probability. For example, multiplying the com-
puted standard deviation with a weighting factor of 3.5
implies a 99% probability that all values beneath the
weighted noise value are mere noise components of the
signal and do not include any NMR signal components.
[0016] In an alternative embodiment, iterative thresh-
olding may be used to determine the weighted noise val-
ues. Iterative thresholding algorithms are well-known by
the skilled person as technique for determining noise val-
ues.
[0017] Frequency intervals with significant variations
are then identified as signal intervals.
[0018] In the embodiment using the deviation spec-
trum, this is achieved by determining values in the devi-
ation spectrum which are higher than the weighted noise
value as NMR signal components. In other words, those
parts of the base value centered spectra significant var-
iations induced by the system function for different vari-
ation parameter values indicate frequency intervals with
NMR signal components. They can be easily extracted
as the peaks exceeding the weighted noise level in the
deviation spectrum. In other words, a significant variation
is present when a peak in the deviation spectrum exceeds
the weighted noise level.
[0019] In an alternative embodiment for detecting the
signal intervals, instead of using the deviation spectrum,
the system generates an eigenspace matrix from the plu-
rality of generated base value centered spectra to extract
the induced variations. For example, the eigenspace ma-
trix can include a row for each base value centered spec-
trum where each column includes the spectrum values
for the respective frequency points. The relevant eigen-
values are determined by a threshold. For example, a
relative threshold of a value of 10-5 may be used, i.e. all
eigenvalues above the maximum eigenvalue multiplied
with the threshold are used. Then, the absolute values
of the product of the first m (with m = 1; 2; 3; ...) eigen-
vectors and eigenvalues of the matrix are used. The ab-
solute values represent the variations induced by the sys-
tem function. If more than one eigenvector result is used,
the resulting eigenvectors are summed up. In some cas-
es, the absolute values of the first eigenvector of the ma-
trix may already be sufficient and no summation is re-
quired. The eigenvector result is similar to the deviation
spectrum where the absolute values of the at least first
eigenvector (or the respective sum of eigenvectors) rep-
resent the system function induced variations.
[0020] Based on the eigenvector result, weighted
noise values can be determined by using the same meth-
odologies as disclosed in the deviation spectrum embod-
iment. The absolute values of the eigenvector result are
then compared with the respective weighted noise values
and NMR signal components are identified for such fre-
quency points where the absolute values are greater than
the weighted noise values.

[0021] In further embodiments, a computer program
product when loaded into a memory of a computer sys-
tem and executed by at least one processor of the com-
puter system causes the computer system to execute
the steps of the herein disclosed computer implemented
method for functions of the computer system as disclosed
herein.
[0022] The computer system for improved NMR signal
detection in NMR spectroscopy can be summarized as
a system having an interface module to receive NMR
signal data produced by a sample over time in response
to an excitation pulse.
[0023] An intermediate data set generator of the sys-
tem selects a predefined system function for application
to the sampled NMR signal data for systematic variation
of signal properties. The system function has a different
influence on NMR signal components than on noise com-
ponents of the sampled signal. Further, the system func-
tion has a variation parameter to control the systematic
variation. Thereby, different variation parameter values
result in different variations when applying the system
function to sampled NMR signal data.
[0024] A plurality of variation parameter values is pro-
vided to the system (either predefined or determined by
the system) wherein the selected parameter values have
differing values which are adapted for influencing the
sampled NMR signals in the frequency-domain. Thereby,
the influence extends to NMR signals with a signal inten-
sity within a given interval around the mean signal inten-
sity of the sampled signal, and NMR signals with a signal
width within a given interval around the mean signal
width. In other words, the variation parameter values are
selected in a way that the system function affects every
signal component in the sampled NMR signal data in at
least one variation parameter setting.
[0025] The intermediate data set generator (IDSG)
then generates for each variation parameter value a cor-
responding intermediate data set by applying the system
function with the respective variation parameter value to
the sampled NMR signal data.
[0026] The system further has a base value centered
spectrum (BVCS) generator to generate from each inter-
mediate data set, in the frequency-domain, a respective
base value centered spectrum. In case the intermediated
data sets are in the time-domain, the BVCS generator
may include a time-domain-to-frequency-domain trans-
former. This may be implemented as a Fourier-Transfor-
mation to convert time-domain data into frequency-do-
main data before BVCS generation. The resulting base
valued spectra have reduced offsets and include peaks
and noise around a zero base line.
[0027] The system further has a signal detector to gen-
erate a deviation spectrum from the plurality of generated
base value centered spectra. The deviation spectrum
shows significant variations for frequency points where
NMR signal components were affected by the system
function. For frequency points without NMR signal com-
ponents only the noise components are present. In such
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non-signal (frequency) intervals in the deviation spec-
trum the signal detector determines a weighted noise val-
ue for the deviation spectrum. Any peak of the deviation
spectrum exceeding the weighted signal noise value cor-
responds to a sampled NMR signal component with a
probability associated with the weighted noise value.
[0028] A signal-noise comparator of the signal detector
detects signal intervals by extracting from the base value
centered spectra for each frequency point variations in-
duced by the system function. The frequency intervals
with significant variations are identified identify as signal
intervals. As discussed above, the signal-noise compa-
rator may work on the basis of the deviation spectrum or
it may use the eigenvector determination method as dis-
closed herein.
[0029] Further aspects of the invention will be realized
and attained by means of the elements and combinations
particularly depicted in the appended claims. It is to be
understood that both, the foregoing general description
and the following detailed description are exemplary and
explanatory only and are not restrictive of the invention
as described.

Brief Description of the Drawings

[0030]

FIG. 1 is a block diagram of a computer system for
improved NMR signal detection in NMR spectrosco-
py according to an embodiment;
FIG. 2 is a simplified flow chart of a computer-imple-
mented spectroscopic method for improved NMR
signal detection according to an embodiment;
FIGs. 3A, 3B show examples of NMR signal data in
the time- and frequency domains;
FIG. 4A illustrates an example of a system function
in the time-domain;
FIG. 4B illustrates an example of a system function
in the frequency-domain;
FIGs. 5A, 5B, 5C show intermediate data sets as
result of the application of a system function to NMR
signal data with different VP values;
FIGs. 6A, 6B, 6C show base value centered spectra
computed based on the intermediate data sets;
FIGs. 7A and 7B relate to an embodiment using a
deviation spectrum for extracting variations induced
by a system function from base value centered spec-
tra;
FIGs. 8A, 8B shows signal interval graphs with orig-
inal NMR signal data and an overlay curve indicating
signal intervals according to an embodiment;
FIG. 9 is a diagram that shows an example of a ge-
neric computer device and a generic mobile compu-
ter device which may be used with the techniques
described herein.

Detailed Description

[0031] FIG. 1 is a block diagram of a computer system
100 for improved NMR signal detection in NMR spec-
troscopy according to an embodiment. The system 100
of FIG.1 is described in the context of the simplified flow
chart of a computer-implemented spectroscopic method
1000 for improved NMR signal detection as illustrated in
FIG. 2. Therefore, the following description refers to ref-
erence numbers used in FIG. 1 and FIG. 2. The system
100 is thereby configured to execute the method 1000
when loading a respective computer program into a
memory of the system and executing said program with
processing means of the system.
[0032] The computer system 100 includes an interface
module 110 for communicative coupling of the system
100 to a NMR system 200 for performing NMR measure-
ments on a sample 201. Further, the interface 110 may
be coupled with an Input/Output (I/O) unit 300 which al-
lows a human user to interact with the computer system
100. Via the interface 110, the system receives 1100
NMR signal data 202 produced by the sample 201 over
time in response to an excitation pulse. Such measure-
ments techniques are well known in the art. The received
signal data 202 may be in the time-domain or in the fre-
quency-domain dependent on the data pre-processing
functions of the NMR system 200. The original raw data
captured by the NMR system 200 are in the time-domain
measuring the signal decay over time. However, appro-
priate data pre-processing means of the NMR system
200 may already provide a frequency spectrum based
on the captured data. It is to be noted that, form a con-
ceptual perspective, it is irrelevant whether the received
signal data 202 is in the time-or frequency-domain as
data in each domain can be transformed into data of the
other domain without any information loss.
[0033] The received NMR signal data 202 forms input
to an intermediate data set generator (IDSG) 120. The
IDSG 120 can access one or more predefined system
functions 121. The system function(s) may be stored by
the computer system or can be at least accessed by the
system on a remote storage. A particular predefined sys-
tem function 121 can be applied to the sampled NMR
signal data 202 for systematic variation of signal proper-
ties. Thereby, the system function 121 has a different
influence on NMR signal components than on noise com-
ponents of the sampled signal. Further, the system func-
tion has a variation parameter (VP) 122 to control the
systematic variation. In other words, a system function
(when applied to the received NMR signal data 202 using
multiple varying variation parameters) will affect the orig-
inal signal data which include only noise components in
a different way than it affects parts of the signal data
which include NMR signal components.
[0034] The IDSG 120 selects 1200 a system function
which is appropriate for the domain in which the NMR
signal data 202 is received. If the received data 202 is in
the time-domain, the system function can be advanta-
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geously selected from the following group of functions:
exponential decay function, exponential slope function,
or a trigonometric function (e.g., sinus or cosine function).
However, other system functions may also be used which
are appropriate for signal data in the time-domain. This
signal function is applied to the received signal data by
multiplying the system function with the NMR signal data
202. If the received signal data is in the frequency domain
the system function can be advantageously selected
from the following group of functions: Lorentz function,
Gaussian function, or Trapezium Function. The system
function is then used in a convolution with the NMR signal
data 202.
[0035] For the variation of the system function a VP
provisioning module 122 provides a plurality of variation
parameter values. The parameter values selected for the
variation have differing values covering an appropriate
value range. The selected VP values are adapted for
influencing the signal data 202 when represented in the
frequency-domain so that NMR signals are affected
which have a signal intensity within a given interval
around the mean signal intensity of the sampled signal
data 202, and which have signal width within a given
interval around the mean signal width. That is, the VP
values are selected 1300 to ensure that narrow signals
with lower intensity may similarly be affected as broad
signals with higher intensity. This is achieved by using a
range of VP values so that each NMR signal component
is affected by at least one of the selected VP values when
applying the system function accordingly. The VP values
may be automatically determined by the computer sys-
tem based on such criteria or they may be provided by
user of the computer system via the I/O unit 300. Advan-
tageously, the variation parameter of the system function
has Hertz as the unit of measurement and the number
of variation parameter values is in the range from 3 to
20. Preferably, the number of VP values is in the range
from 5 to 10.
[0036] The IDSG 120 then generates 1400 for each
selected variation parameter value a corresponding in-
termediate data set 102-1 to 102-n by applying the sys-
tem function 121 with the respective variation parameter
value to the sampled NMR signal data 202. If the number
of selected VP values is n this results in n intermediate
data sets 102-1 to 102-n. Each intermediate data set
shows different values for such sampled data points
where NMR signal components are present.
[0037] A base value centered spectrum (BVCS) gen-
erator 130 of the computer system 100 generates 1500
from each intermediate data set 102-1 to 102-n, in the
frequency-domain, a respective mean base value cen-
tered spectrum 103-1 to 103-n. As this step is performed
in the frequency domain, a transformation of the inter-
mediate data sets into the frequency-domain occurs in
case the system function was applied in the time-domain,
for example by using Fourier Transformation. The re-
spective base value centered spectra eliminate offsets
from the intermediate data sets. This is achieved by ap-

proximating corresponding base values representing the
actual offsets and deducting the approximated offsets
from the intermediate data set values.
[0038] For generating the base value centered spectra
the BVCS generator 130 computes for each frequency
point of the intermediate data sets in the frequency-do-
main an ensemble base value based on the respective
values of all intermediate data sets. That is, the ensemble
base value at a particular frequency point may be formed,
for example, as the arithmetic mean of the respective
intermediate data sets values at the particular frequency
point. Other mean values or statistical methods may be
used to compute an appropriate base value, including
but not limited to geometric mean, harmonic mean, quad-
ratic mean, median value, etc. For each frequency the
respective computed ensemble base value is then sub-
tracted from the respective values of the intermediate
data sets resulting in the corresponding base value cen-
tered spectrum for each intermediate data set. If n vari-
ation parameter values were used for signal variation
through the system function n base value centered spec-
tra result from this step.
[0039] The generated base value centered spectra
serve as input to a signal detector 140 of the computer
system 100. The signal detector 140 detects 1600 signal
intervals 109 by extracting from the base value centered
spectra 103-1 to 103-n for each frequency point varia-
tions induced by the system function. The detector 140
finally identifies frequency intervals showing significant
variations as signal intervals. The signal detector may be
implemented by various embodiments.
[0040] In a first embodiment, the signal detector 140
extracts the variations from the base value centered
spectra 103-1 to 103-n by firstly generating a deviation
spectrum from the plurality of generated base value cen-
tered spectra 103-1 to 103-n. That is, for each frequency
point the standard deviation is computed taking into ac-
count the respective values of all generated base value
centered spectra.
[0041] Then, a noise value is determined. The noise
signal corresponds to a normal distribution and can be
determined by computing the mean value and the stand-
ard deviation for a non-signal interval in the deviation
spectrum. The non-signal interval may be any frequency
interval in the deviation spectrum corresponding to a fre-
quency interval having a normal distribution. The system
may first select an interval where no signal peaks appear,
and may then analyze whether the selected interval com-
plies with the normal distribution criterion. If so, the noise
value is computed. If not, another interval is selected and
the same tests are performed until a mere noise interval
(i.e., an interval without NMR signal components) is fi-
nally determined.
[0042] The computed noise value may then be multi-
plied with a predefined weighting factor. The weighting
factor determines a threshold probability for values in the
deviation spectrum which are lower than or equal to the
weighted noise value to qualify as noise values with said
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threshold probability. For example, when using the stand-
ard deviation multiplied with a factor of 3,5 to compute
the weighted noise value there is a 99% probability that
all values below the weighted noise value actually rep-
resent noise components of the signal. The values in the
deviation spectrum which are higher than the weighted
noise value qualify as NMR signal components. Once
the signal components are identified the respective signal
intervals correspond to the frequency intervals in the de-
viation spectrum including the detected NMR signal com-
ponents.
[0043] Optionally, the computer system may include a
smoothening and phase correction module 150 to
smoothen the basis line in the deviation spectrum and to
perform a phase correction on the detected NMR signal
intervals.
[0044] In another embodiment, the signal detector 140
generates an eigenspace matrix from the plurality of gen-
erated base value centered spectra 103-1 to 103-n and
determines the absolute values of at least the first eigen-
vector of the matrix. Such absolute values represent the
system function induced variations. The eigenspace ma-
trix can be constructed by including a row for each base
value centered spectrum where each column includes
the spectrum values for the respective frequency points.
The relevant eigenvalues are determined by a threshold.
For example, a relative threshold of a value of 10-5 may
be used, i.e. all eigenvalues above maximum eigenvalue
times the relative threshold are used. Then the absolute
values of the corresponding eigenvectors, multiplied with
their eigenvalues are used. If more than one eigenvector
result is used, the resulting eigenvectors are summed
up. In some cases, the absolute values of the first eigen-
vector of the matrix may already be sufficient and no sum-
mation is required. The eigenvector result is similar to
the deviation spectrum where the absolute values of the
at least first eigenvector (or the respective sum of eigen-
vectors) represent the system function induced varia-
tions.
[0045] Based on the eigenvector result, weighted
noise values can be determined by using the same meth-
odologies as disclosed in the deviation spectrum embod-
iment. The absolute values of the eigenvector result are
then compared with the respective weighted noise values
and NMR signal components are identified for such fre-
quency points where the absolute values are greater than
the weighted noise values.
[0046] In a further alternative embodiment, the signal
detector 140 uses iterative thresholding when extracting
the variation for each frequency point from the base value
centered spectra 103-1 to 103-n to detect the NMR signal
intervals. Iterative Thresholding is a method to detect sig-
nals in spectra which is described, for example, in Bao
Q., et. al., A robust automatic phase correction method
for signal dense spectra, J. Mag. Res. 234 (2013) 82-89.
An initial threshold value is determined by computing the
standard deviation of the respective spectrum and mul-
tiplying the standard deviation with a predefined factor.

The predefined factor is called noise factor. Again, the
basic assumption here is that noise follows a Gaussian
normal distribution. The noise factor represents the con-
fidence interval. In a next step a new standard deviation
is determined based on all points of the spectrum which
are smaller than the initial threshold. A new threshold is
then computed based on the new standard deviation and
the noise factor. This process is then iterated until the
new standard deviation differs from the previously calcu-
lated standard deviation in less than a predefined delta
value. Based on the last determined standard deviation
the remaining steps of the first signal detector embodi-
ment can be applied to finally detect the signal intervals.
[0047] In the following, the invention will be further ex-
plained by way of example illustrating a particular em-
bodiment which is based on the first signal detector em-
bodiment. However, a person skilled in the art can easily
transfer the disclosed teaching to also implement the al-
ternative single detector embodiments.
[0048] FIG. 3A illustrates received NMR signal data
311 in the time-domain. The time scale 310- x of the
signal graph 310 is in multiples of Dwell time (in this ex-
ample 14 microseconds). The signal intensity is given in
arbitrary units of the measurement. In NMR, the Dwell
Time is defined as the number of seconds between points
during data acquisition in the FID, which is the same as
seconds/point. The figure shows a quick signal decay
which occurs after the excitation of the sample with the
excitation pulse. FIG. 3B shows the real part 321 of the
NMR signal data 311 when transformed into a frequency
spectrum 320 after a Fourier Transformation of the time
signal 311. The imaginary part of the frequency spectrum
is not shown here but would also be needed to transform
the NMR signal data in the frequency-domain back into
the time domain using inverse Fourier Transformation.
Both domain representations of the received NMR signal
data may be used as an input for the IDS generator.
[0049] The IDS generator then applies a predefined
system function to the received NMR signal data in ac-
cordance with the respective domain. Examples of ap-
propriate system functions were discussed already
above. In the following example, the system function f(t)
= e-LB*π*DW*t is used. Such an exponential function has
proven to be computationally efficient for application in
the time-domain. In the example system function f(t), DW
corresponds to the Dwell time (the distance between two
data points in the time-domain). The parameter LB cor-
responds to the variation parameter of the system func-
tion and has Hz as the unit of measurement with the
advantage that it can easily be adjusted for different Lar-
mor frequencies (e.g., 1H, 13C, 15N). Different VP param-
eter values affect the signal width (in the frequency-do-
main) so that multiplying the received NMR signal data
with the parameterized system functions leads to differ-
ent intermediate data sets where each intermediate data
set associated with a particular VP value shows different
peak width and peak height values for a respective signal
peak of the original NMRS signal data. Advantageously,
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the variation of the variation parameter values is in a
range which covers the peak widths of all NMR signal
peaks in the frequency-domain. FIG. 4A illustrates the
system function f(t) in the time-domain 410 (time axis
410-x) for three different VP values (in the example: 1
Hz, 10 Hz, and 20 Hz) resulting in three instances
411,412, 413 of the system function f(t). In this figure and
in the following spectrum figures, the unit of the x-axis of
a graph nnn is referred to as nnn-x and the unit of the y-
axis of said graph is referred to as nnn-y.
[0050] FIG. 4B illustrates an example of a system func-
tion 420 in the frequency-domain (x-axis 420-x in Hz)
which can be used for a convolution with received NMR
signal data in the frequency domain. Again, three differ-
ent VP values lead to three different instances 421, 422,
423 of the system function.
[0051] FIG. 5A shows three intermediate data sets
501, 502, 503 as the result of the application of said sys-
tem function to the NMR signal data with three different
VP values. The example graph 510 shows the interme-
diate data sets in the frequency-domain with the unit 510-
x (Points, distance between points is dwell time DW).
The intensity 510-y has arbitrary units from the measure-
ment. In the example, the influence of the applied system
function on the signal height is increasing from interme-
diate data set 501 to intermediate data set 503 (i.e., the
respective peak heights are increasing). This example
shows how the application of the system functions with
different VP values generates a plurality of intermediate
data sets with a substantial variation in such parts of the
NMR signal spectrum which includes NMR signal com-
ponents whereas such parts including only noise com-
ponents are hardly affected by the variation.
[0052] FIG. 5B shows a more detailed view 520 of in-
termediate data sets 521 to 523 focusing on only a small
portion in the frequency dimension 520-x where only a
single NMR signal peak was included. The shape of the
signal peak is substantially affected by the system func-
tion for three different VP values leading to substantial
differing variations of the original NMR signal for differing
VP values. FIG. 5C shows an overlay graph 530 where
the intermediate data sets of FIG. 5B are printed as over-
lays at substantially the same y values in the 530-y di-
mension. The overlay graph clearly visualizes the varia-
tions of the respective signal peak in the intermediate
data sets 531 to 533. The position of the peak in the
frequency dimension 530-x corresponds to the position
in FIG. 5B.
[0053] The intermediate data sets (e.g., 511 to 513 of
FIG. 5A) serve as input to the BVCS generator for gen-
erating respective base value centered spectra 611 to
613. The base value centered spectra in the BVCS graph
610 of FIG. 6A show the result of processing the inter-
mediate data sets for eliminating offsets in such a way
that the result leads to curves which are horizontally
aligned around zero, removing the local base values.
Thereby, the base values are an approximation of the
actual offsets of the respective curve. The BVCS spectra

are always determined in the frequency-domain. For ex-
ample, the BVCS generator can compute the BVCS
spectra by determining a mean value for each frequency
point based on all intermediated data sets. That is, in the
example only 3 VP values were used which leads to three
intermediate data sets. For each frequency point of the
intermediate data sets the corresponding spectrum value
is used to compute a mean value across all intermediate
data sets. In a real signal detection scenario the number
of intermediate data sets can be higher but advanta-
geously does not exceed 20. The mean value can be
computed as average value (e.g., arithmetic average or
other averages) or it can be computed by using appro-
priate statistical methods, such as for example, deter-
mining the median. The computed mean values for all
frequency points are then subtracted from the respective
spectrum values of the intermediate data sets leading to
the BVCS 611 to 613. FIG. 6B shows another BVCS
graph 620 with a more detailed view on a frequency in-
terval of the spectra including a single peak located close
to the frequency 36650 620-x.
[0054] FIG. 6C shows the base value centered spectra
631 to 633 as an overlay graph 630 corrected by the
offsets approximated by the determined base values. As
a result, all BVCS are now centered around 0 in the 630-
y dimension. FIG. 6D again shows a detailed overlay
view 640 of a frequency range including a single peak
for three BVCS 641, 642, 643 associated with three dif-
ferent VP values.
[0055] FIGs. 7A and 7B relate to the embodiment using
a deviation spectrum 710, 720 for extracting variations
induced by the system function from the base value cen-
tered spectra for each frequency point. In FIG. 7A, the
deviation spectrum 710 is shown for the entire frequency
range of the respective base value centered spectra. The
peak 711-1 indicates a first frequency interval with a high
variation (significant variation peak) which is an indicator
for the presence on NMR signal components in the first
frequency interval. A second frequency range at 711-n
shows substantially no variation at all which is an indica-
tor that within the second frequency interval only noise
components are present but no NMR signal components.
[0056] FIG. 7B shows a detailed view of the deviation
spectrum 720 over a portion of the frequency range with
a variation double peak in frequency interval 712-2 and
substantially no variation in frequency interval 712-n.
Based on the deviation spectrum 720 (or 710) the system
can determine a noise value. A noise signal follows a
Gaussian normal distribution. The system can select any
of the frequency intervals showing substantially no vari-
ation (e.g., frequency intervals 711-n, 712-n) and com-
puting the mean value and the standard deviation for this
(non-signal) interval in the deviation spectrum. If the
standard deviation follows a normal distribution a fre-
quency interval is identified which has no NMR signal
components but only noise components. The computed
noise value can then be multiplied with a predefined
weighting factor. The weighting factor determines a
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threshold probability for values in the deviation spectrum
which are lower than or equal to the weighted noise value
to qualify as noise values with said threshold probability.
The noise factor can be chosen in the range of the half
width of the Gaussian curve. Advantageously, the factor
is 3.5 covering 99% of the peak integral. In other words,
multiplying the standard deviation with a factor of 3.5 can
be used to achieve a probability of 0.99 that all values of
the deviation spectrum which have a value lower than
then weighted noise value actually represent noise.
[0057] Once the weighted noise value is determined
the values in the deviation spectrum which are higher
than the weighted noise value are identified as NMR sig-
nal components. This allows to detect in the deviation
spectrum the frequency intervals where NMR signal com-
ponents are present. The detected NMR signal frequency
intervals are then used in the original NMR signal data
(in the frequency-domain, or in the time-domain after an
inverse Fourier Transformation) to filter out the noise
parts of the spectrum. FIG. 8A shows a signal interval
graph 810 with the original NMR signal data 811 and an
overlay curve 812 (dotted line) indicating the signal in-
tervals. However, when looking at the entire frequency
range of FIG. 8A the signal intervals cannot be resolved
by the human eye in graph 810. Therefore, FIG. 8B again
shows a detailed view 820 for a part of the frequency
range including the four signal intervals I1, I2, I3 and I4.
[0058] The identified signal intervals (e.g, I1, I2, I3 and
I4) allow robust NMR signal detection with higher accu-
racy than prior art solutions for signal detection. On the
basis of the identified signals highly precise NMR anal-
ysis becomes possible.
[0059] The embodiment illustrated in the detailed de-
scription focuses on the standard deviation method. A
person skilled in the art will acknowledge that the previ-
ously described alternative embodiments based on iter-
ative thresholding or based on the eigenvector method
lead to similar robust and accurate detection of NMR sig-
nal intervals and therefore also provide a robust technical
solution for the technical problem to provide an improved
NMR signal detection method.
[0060] FIG. 9 is a diagram that shows an example of
a generic computer device 900 and a generic mobile
computer device 950, which may be used with the tech-
niques described here. In some embodiments, comput-
ing device 900 may relate to the system 100 (cf. FIG. 1).
Computing device 950 is intended to represent various
forms of mobile devices, such as personal digital assist-
ants, cellular telephones, smart phones, and other similar
computing devices. In the context of this disclosure the
computing device 950 may provide the I/O means of FIG.
1. In other embodiments, the entire system 100 may be
implemented on the mobile device 950. The components
shown here, their connections and relationships, and
their functions, are meant to be exemplary only, and are
not meant to limit implementations of the inventions de-
scribed and/or claimed in this document.
[0061] Computing device 900 includes a processor

902, memory 904, a storage device 906, a high-speed
interface 908 connecting to memory 904 and high-speed
expansion ports 910, and a low speed interface 912 con-
necting to low speed bus 914 and storage device 906.
Each of the components 902, 904, 906, 908, 910, and
912, are interconnected using various busses, and may
be mounted on a common motherboard or in other man-
ners as appropriate. The processor 902 can process in-
structions for execution within the computing device 900,
including instructions stored in the memory 904 or on the
storage device 906 to display graphical information for a
GUI on an external input/output device, such as display
916 coupled to high speed interface 908. In other imple-
mentations, multiple processors and/or multiple buses
may be used, as appropriate, along with multiple mem-
ories and types of memory. Also, multiple computing de-
vices 900 may be connected, with each device providing
portions of the necessary operations (e.g., as a server
bank, a group of blade servers, or a multi-processor sys-
tem).
[0062] The memory 904 stores information within the
computing device 900. In one implementation, the mem-
ory 904 is a volatile memory unit or units. In another im-
plementation, the memory 904 is a non-volatile memory
unit or units. The memory 904 may also be another form
of computer-readable medium, such as a magnetic or
optical disk.
[0063] The storage device 906 is capable of providing
mass storage for the computing device 900. In one im-
plementation, the storage device 906 may be or contain
a computer-readable medium, such as a floppy disk de-
vice, a hard disk device, an optical disk device, or a tape
device, a flash memory or other similar solid state mem-
ory device, or an array of devices, including devices in a
storage area network or other configurations. A computer
program product can be tangibly embodied in an infor-
mation carrier. The computer program product may also
contain instructions that, when executed, perform one or
more methods, such as those described above. The in-
formation carrier is a computer- or machine-readable me-
dium, such as the memory 904, the storage device 906,
or memory on processor 902.
[0064] The high speed controller 908 manages band-
width-intensive operations for the computing device 900,
while the low speed controller 912 manages lower band-
width-intensive operations. Such allocation of functions
is exemplary only. In one implementation, the high-speed
controller 908 is coupled to memory 904, display 916
(e.g., through a graphics processor or accelerator), and
to high-speed expansion ports 910, which may accept
various expansion cards (not shown). In the implemen-
tation, low-speed controller 912 is coupled to storage de-
vice 906 and low-speed expansion port 914. The low-
speed expansion port, which may include various com-
munication ports (e.g., USB, Bluetooth, Ethernet, wire-
less Ethernet) may be coupled to one or more input/out-
put devices, such as a keyboard, a pointing device, a
scanner, or a networking device such as a switch or rout-
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er, e.g., through a network adapter.
[0065] The computing device 900 may be implement-
ed in a number of different forms, as shown in the figure.
For example, it may be implemented as a standard server
920, or multiple times in a group of such servers. It may
also be implemented as part of a rack server system 924.
In addition, it may be implemented in a personal computer
such as a laptop computer 922. Alternatively, compo-
nents from computing device 900 may be combined with
other components in a mobile device (not shown), such
as device 950. Each of such devices may contain one or
more of computing device 900, 950, and an entire system
may be made up of multiple computing devices 900, 950
communicating with each other.
[0066] Computing device 950 includes a processor
952, memory 964, an input/output device such as a dis-
play 954, a communication interface 966, and a trans-
ceiver 968, among other components. The device 950
may also be provided with a storage device, such as a
microdrive or other device, to provide additional storage.
Each of the components 950, 952, 964, 954, 966, and
968, are interconnected using various buses, and several
of the components may be mounted on a common moth-
erboard or in other manners as appropriate.
[0067] The processor 952 can execute instructions
within the computing device 950, including instructions
stored in the memory 964. The processor may be imple-
mented as a chipset of chips that include separate and
multiple analog and digital processors. The processor
may provide, for example, for coordination of the other
components of the device 950, such as control of user
interfaces, applications run by device 950, and wireless
communication by device 950.
[0068] Processor 952 may communicate with a user
through control interface 958 and display interface 956
coupled to a display 954. The display 954 may be, for
example, a TFT LCD (Thin-Film-Transistor Liquid Crystal
Display) or an OLED (Organic Light Emitting Diode) dis-
play, or other appropriate display technology. The display
interface 956 may comprise appropriate circuitry for driv-
ing the display 954 to present graphical and other infor-
mation to a user. The control interface 958 may receive
commands from a user and convert them for submission
to the processor 952. In addition, an external interface
962 may be provide in communication with processor
952, so as to enable near area communication of device
950 with other devices. External interface 962 may pro-
vide, for example, for wired communication in some im-
plementations, or for wireless communication in other
implementations, and multiple interfaces may also be
used.
[0069] The memory 964 stores information within the
computing device 950. The memory 964 can be imple-
mented as one or more of a computer-readable medium
or media, a volatile memory unit or units, or a non-volatile
memory unit or units. Expansion memory 984 may also
be provided and connected to device 950 through ex-
pansion interface 982, which may include, for example,

a SIMM (Single In Line Memory Module) card interface.
Such expansion memory 984 may provide extra storage
space for device 950, or may also store applications or
other information for device 950. Specifically, expansion
memory 984 may include instructions to carry out or sup-
plement the processes described above, and may in-
clude secure information also. Thus, for example, expan-
sion memory 984 may act as a security module for device
950, and may be programmed with instructions that per-
mit secure use of device 950. In addition, secure appli-
cations may be provided via the SIMM cards, along with
additional information, such as placing the identifying in-
formation on the SIMM card in a non-hackable manner.
[0070] The memory may include, for example, flash
memory and/or NVRAM memory, as discussed below.
In one implementation, a computer program product is
tangibly embodied in an information carrier. The compu-
ter program product contains instructions that, when ex-
ecuted, perform one or more methods, such as those
described above. The information carrier is a computer-
or machine-readable medium, such as the memory 964,
expansion memory 984, or memory on processor 952,
that may be received, for example, over transceiver 968
or external interface 962.
[0071] Device 950 may communicate wirelessly
through communication interface 966, which may include
digital signal processing circuitry where necessary. Com-
munication interface 966 may provide for communica-
tions under various modes or protocols, such as GSM
voice calls, SMS, EMS, or MMS messaging, CDMA, TD-
MA, PDC, WCDMA, CDMA2000, or GPRS, among oth-
ers. Such communication may occur, for example,
through radio-frequency transceiver 968. In addition,
short-range communication may occur, such as using a
Bluetooth, WiFi, or other such transceiver (not shown).
In addition, GPS (Global Positioning System) receiver
module 980 may provide additional navigation- and lo-
cation-related wireless data to device 950, which may be
used as appropriate by applications running on device
950.
[0072] Device 950 may also communicate audibly us-
ing audio codec 960, which may receive spoken infor-
mation from a user and convert it to usable digital infor-
mation. Audio codec 960 may likewise generate audible
sound for a user, such as through a speaker, e.g., in a
handset of device 950. Such sound may include sound
from voice telephone calls, may include recorded sound
(e.g., voice messages, music files, etc.) and may also
include sound generated by applications operating on
device 950.
[0073] The computing device 950 may be implement-
ed in a number of different forms, as shown in the figure.
For example, it may be implemented as a cellular tele-
phone 980. It may also be implemented as part of a smart
phone 982, personal digital assistant, or other similar mo-
bile device.
[0074] Various implementations of the systems and
techniques described here can be realized in digital elec-
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tronic circuitry, integrated circuitry, specially designed
ASICs (application specific integrated circuits), computer
hardware, firmware, software, and/or combinations
thereof. These various implementations can include im-
plementation in one or more computer programs that are
executable and/or interpretable on a programmable sys-
tem including at least one programmable processor,
which may be special or general purpose, coupled to
receive data and instructions from, and to transmit data
and instructions to, a storage system, at least one input
device, and at least one output device.
[0075] These computer programs (also known as pro-
grams, software, software applications or code) include
machine instructions for a programmable processor, and
can be implemented in a high-level procedural and/or
object-oriented programming language, and/or in as-
sembly/machine language. As used herein, the terms
"machine-readable medium" "computer-readable medi-
um" refers to any computer program product, apparatus
and/or device (e.g., magnetic discs, optical disks, mem-
ory, Programmable Logic Devices (PLDs)) used to pro-
vide machine instructions and/or data to a programmable
processor, including a machine-readable medium that
receives machine instructions as a machine-readable
signal. The term "machine-readable signal" refers to any
signal used to provide machine instructions and/or data
to a programmable processor.
[0076] To provide for interaction with a user, the sys-
tems and techniques described here can be implemented
on a computer having a display device (e.g., a CRT (cath-
ode ray tube) or LCD (liquid crystal display) monitor) for
displaying information to the user and a keyboard and a
pointing device (e.g., a mouse or a trackball) by which
the user can provide input to the computer. Other kinds
of devices can be used to provide for interaction with a
user as well; for example, feedback provided to the user
can be any form of sensory feedback (e.g., visual feed-
back, auditory feedback, or tactile feedback); and input
from the user can be received in any form, including
acoustic, speech, or tactile input.
[0077] The systems and techniques described here
can be implemented in a computing device that includes
a back end component (e.g., as a data server), or that
includes a middleware component (e.g., an application
server), or that includes a front end component (e.g., a
client computer having a graphical user interface or a
Web browser through which a user can interact with an
implementation of the systems and techniques described
here), or any combination of such back end, middleware,
or front end components. The components of the system
can be interconnected by any form or medium of digital
data communication (e.g., a communication network).
Examples of communication networks include a local ar-
ea network ("LAN"), a wide area network ("WAN"), and
the Internet.
[0078] The computing device can include clients and
servers. A client and server are generally remote from
each other and typically interact through a communica-

tion network. The relationship of client and server arises
by virtue of computer programs running on the respective
computers and having a client-server relationship to each
other.

Claims

1. A computer-implemented spectroscopic method
(1000) for improved NMR signal detection, compris-
ing:

receiving (1100) NMR signal data (202) pro-
duced by a sample (201) over time in response
to an excitation pulse;
selecting (1200) a predefined system function
(S, 121) for application to the NMR signal data
(202) for systematic variation of signal proper-
ties wherein the system function has a different
influence on NMR signal components than on
noise components of the sampled signal, the
system function having a variation parameter
(VP) to control the systematic variation;
providing (1300) a plurality of variation param-
eter values wherein the selected parameter val-
ues have differing values which are adapted for
influencing, in the frequency-domain, NMR sig-
nals with a signal intensity within a given interval
around the mean signal intensity of the sampled
signal (202), and NMR signals with a signal
width within a given interval around the mean
signal width;
generating (1400) for each variation parameter
value (VP-1 to VP-n) a corresponding interme-
diate data set (102-1 to 102-n) by applying the
system function (121) with the respective varia-
tion parameter value (VP-1 to VP-n) to the NMR
signal data (202);
generating (1500) from each intermediate data
set (102-1 to 102-n) a respective base value
centered spectrum (103-1 to 103-n) in the fre-
quency-domain wherein the respective base
value centered spectra eliminate offsets from
the intermediate data sets including approximat-
ing corresponding base values representing the
actual offsets; and
detecting (1600) signal intervals (109) by ex-
tracting from the base value centered spectra
(103-1 to 103-n) for each frequency point vari-
ations induced by the system function and iden-
tifying frequency intervals with significant varia-
tion as signal intervals.

2. The method of claim 1, wherein the variation param-
eter has Hertz as the unit of measurement and the
number of variation parameter values is in the range
from 3 to 20.
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3. The method of claim 1 or 2, wherein the selected
system function is selected from the group of: expo-
nential decay function, exponential slope function,
or trigonometric function, multiplied with the NMR
signal data (202) if the signal data is in the time-
domain, and Lorentz function, Gaussian function, or
Trapezium Function, used in a convolution with the
NMR signal data (202) if the signal data is in the
frequency-domain.

4. The method of any of the previous claims, wherein
generating base value centered spectra (103-1 to
103-n) comprises:

computing for each point of the intermediate da-
ta sets (102-1 to 102-n) in the frequency-domain
an ensemble base value based on the respec-
tive values of all intermediate data sets;
subtracting the computed ensemble base val-
ues from the respective values of the interme-
diate data sets resulting in a corresponding base
value centered spectrum (103-1 to 103-n) for
each intermediate data set (102-1 to 102-n).

5. The method of any of the previous claims, wherein
detecting (1800) signal intervals (109) comprises:

generating a deviation spectrum from the plu-
rality of generated base value centered spectra
(103-1 to 103-n)
determining a noise value with the noise signal
corresponding to a normal distribution by com-
puting the mean value and the standard devia-
tion for a non-signal interval in the deviation
spectrum, the non-signal interval corresponding
to a frequency interval having a normal distribu-
tion;
multiplying the computed standard deviation
with a predefined weighting factor wherein the
weighting factor determines a threshold proba-
bility for values in the deviation spectrum which
are lower than or equal to the weighted noise
value to qualify as noise values with said thresh-
old probability; and
determining values in the deviation spectrum
which are higher than the weighted noise value
as NMR signal components.

6. The method of any of the claims 1 to 4, wherein de-
tecting signal intervals comprises:

generating an eigenspace matrix from the plu-
rality of generated base value centered spectra
(103-1 to 103-n);
determining the absolute values of at least the
first eigenvector of the matrix, the absolute val-
ues representing the system function induced
variations; and

identifying the absolute values which are greater
than respective weighted noise values as NMR
signal components.

7. The method of any of the claims 1 to 4, wherein de-
tecting (1800) signal intervals (109) is performed by
using iterative thresholding when extracting the var-
iation for each frequency point from the base value
centered spectra (103-1 to 103-n).

8. The method of any of the previous claims, further
comprising:
smoothening of the basis line in the original frequen-
cy spectrum and performing a phase correction.

9. The method of any of the previous claims, wherein
the provided variation parameter values are of the
order of the half-width of signal peaks in the frequen-
cy-domain of the sampled NMR signal data (202).

10. A computer program product for, comprising instruc-
tions that when loaded into a memory of a computer
system and being executed by at least one processor
of the computer system cause the computer system
to perform the method steps according to any of the
previous claims.

11. A computer system (100) for improved NMR signal
detection in NMR spectroscopy, the system, com-
prising:

an interface module (110) configured to receive
NMR signal data (202) produced by a sample
(201) over time in response to an excitation
pulse;
an intermediate data set generator (120) config-
ured to:

select a predefined system function (S, 121)
for application to the NMR signal data (202)
for systematic variation of signal properties
wherein the system function has a different
influence on NMR signal components than
on noise components of the sampled signal,
the system function having a variation pa-
rameter (VP) to control the systematic var-
iation;
provide a plurality of variation parameter
values wherein the selected parameter val-
ues have differing values which are adapted
for influencing, in the frequency-domain,
NMR signals with a signal intensity within a
given interval around the mean signal inten-
sity of the sampled signal (202), and NMR
signals with a signal width within a given
interval around the mean signal width;
generate for each variation parameter value
(VP-1 to VP-n) a corresponding intermedi-
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ate data set (102-1 to 102-n) by applying
the system function (121) with the respec-
tive variation parameter value (VP-1 to VP-
n) to the sampled NMR signal data (202);

a base value centered spectrum generator (130)
configured to:
generate from each intermediate data set (102-1
to 102-n), in the frequency-domain, a respective
base value centered spectrum (103-1 to 103-n)
wherein the respective base value centered
spectra eliminate offsets from the intermediate
data sets including approximating correspond-
ing base values representing the actual offsets;
and
a signal detector (140) configured to:
detect signal intervals (109) by extracting from
the base value centered spectra (103-1 to 103-
n) for each frequency point variations induced
by the system function, and to identify frequency
intervals with significant variations as signal in-
tervals.

12. The system (100) of claim 11, wherein the signal
detector (140) is configured to:

generate a deviation spectrum from the plurality
of generated base value centered spectra
(103-1 to 103-n);
determine a noise value with the noise signal
corresponding to a normal distribution by com-
puting the mean value and the standard devia-
tion for a non-signal interval in the deviation
spectrum, the non-signal interval corresponding
to a frequency interval having a normal distribu-
tion;
multiply the computed noise value with a prede-
fined weighting factor wherein the weighting fac-
tor determines a threshold probability for values
in the deviation spectrum which are lower than
or equal to the weighted noise value to qualify
as noise values with said threshold probability;
and
determine values in the deviation spectrum
which are higher than the weighted noise value
as NMR signal components.

13. The system (100) of claim 11, wherein the signal
detector (140) is configured to:

generate an eigenspace matrix from the plurality
of generated base value centered spectra
(103-1 to 103-n);
determine the absolute values of the product of
the first m eigenvectors and eigenvalues of the
matrix, the absolute values representing the
system function induced variations; and
identify the absolute values which are greater

than respective weighted noise values as NMR
signal components.

14. The system (100) of claim 11, wherein the signal
detector (140) is configured to:
detect signal intervals by using iterative thresholding
when extracting the variation for each frequency
point from the base value centered spectra (103-1
to 103-n).

15. A NMR spectrometer comprising the system (100)
of any of the claims 11 to 14.

Amended claims in accordance with Rule 137(2)
EPC.

1. A computer-implemented spectroscopic method
(1000) for improved NMR signal detection, compris-
ing:

receiving (1100) NMR signal data (202) pro-
duced by a sample (201) over time in response
to an excitation pulse;
selecting (1200) a predefined system function
(S, 121) for application to the NMR signal data
(202) for systematic variation of signal proper-
ties wherein the system function has a different
influence on NMR signal components than on
noise components of the sampled signal, the
system function having a variation parameter
(VP) to control the systematic variation;
providing (1300) a plurality of variation param-
eter values wherein the selected parameter val-
ues have differing values which are adapted for
influencing, in the frequency-domain, NMR sig-
nals with a signal intensity within a given interval
around the mean signal intensity of the sampled
signal (202), and NMR signals with a signal
width within a given interval around the mean
signal width;
generating (1400) for each variation parameter
value (VP-1 to VP-n) a corresponding interme-
diate data set (102-1 to 102-n) by applying the
system function (121) with the respective varia-
tion parameter value (VP-1 to VP-n) to the NMR
signal data (202);
generating (1500) from each intermediate data
set (102-1 to 102-n) a respective base value
centered spectrum (103-1 to 103-n) in the fre-
quency-domain wherein the respective base
value centered spectra eliminate offsets from
the intermediate data sets;
detecting (1600) signal intervals (109) by ex-
tracting from the base value centered spectra
(103-1 to 103-n) for each frequency point vari-
ations induced by the system function and iden-
tifying frequency intervals with induced varia-
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tions exceeding respective weighted noise val-
ues as signal intervals;
characterized in that
generating (1500) base value centered spectra
further comprises:

computing for each point of the intermediate
data sets (102-1 to 102-n) in the frequency-
domain an ensemble base value based on
the respective values of all intermediate da-
ta sets;
subtracting the computed ensemble base
values from the respective values of the in-
termediate data sets resulting in a corre-
sponding base value centered spectrum
(103-1 to 103-n) for each intermediate data
set (102-1 to 102-n).

2. The method of claim 1, wherein the variation param-
eter has Hertz as the unit of measurement and the
number of variation parameter values is in the range
from 3 to 20.

3. The method of claim 1 or 2, wherein the selected
system function is selected from the group of: expo-
nential decay function, exponential slope function,
or trigonometric function, multiplied with the NMR
signal data (202) if the signal data is in the time-
domain, and Lorentz function, Gaussian function, or
Trapezium Function, used in a convolution with the
NMR signal data (202) if the signal data is in the
frequency-domain.

4. The method of any of the previous claims, wherein
detecting (1800) signal intervals (109) comprises:

generating a deviation spectrum from the plu-
rality of generated base value centered spectra
(103-1 to 103-n) by computing for each frequen-
cy point the standard deviation taking into ac-
count the respective values of all generated
base value centered spectra;
determining a noise value with the noise signal
corresponding to a normal distribution by com-
puting the mean value and the standard devia-
tion for a non-signal interval in the deviation
spectrum, the non-signal interval corresponding
to a frequency interval having a normal distribu-
tion;
multiplying the computed standard deviation
with a predefined weighting factor wherein the
weighting factor determines a threshold proba-
bility for values in the deviation spectrum which
are lower than or equal to the weighted noise
value to qualify as noise values with said thresh-
old probability; and
determining values in the deviation spectrum
which are higher than the weighted noise value

as NMR signal components.

5. The method of any of the claims 1 to 3, wherein de-
tecting signal intervals comprises:

generating an eigenspace matrix from the plu-
rality of generated base value centered spectra
(103-1 to 103-n) by including a row for each base
value centered spectrum where each column in-
cludes the spectrum values for the respective
frequency points;
determining the absolute values of at least the
first eigenvector of the matrix, the absolute val-
ues representing the system function induced
variations; and
identifying the absolute values which are greater
than respective weighted noise values as NMR
signal components.

6. The method of any of the claims 1 to 3, wherein de-
tecting (1800) signal intervals (109) is performed by
using iterative thresholding when extracting the var-
iation for each frequency point from the base value
centered spectra (103-1 to 103-n).

7. The method of any of claim 4, further comprising:
smoothening of the basis line in the deviation spec-
trum and performing a phase correction.

8. The method of any of the previous claims, wherein
the provided variation parameter values are of the
order of the half-width of signal peaks in the frequen-
cy-domain of the sampled NMR signal data (202).

9. A computer program product for, comprising instruc-
tions that when loaded into a memory of a computer
system and being executed by at least one processor
of the computer system cause the computer system
to perform the method steps according to any of the
previous claims.

10. A computer system (100) for improved NMR signal
detection in NMR spectroscopy, the system, com-
prising:

an interface module (110) configured to receive
NMR signal data (202) produced by a sample
(201) over time in response to an excitation
pulse;
an intermediate data set generator (120) config-
ured to:

select a predefined system function (S, 121)
for application to the NMR signal data (202)
for systematic variation of signal properties
wherein the system function has a different
influence on NMR signal components than
on noise components of the sampled signal,
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the system function having a variation pa-
rameter (VP) to control the systematic var-
iation;
provide a plurality of variation parameter
values wherein the selected parameter val-
ues have differing values which are adapted
for influencing, in the frequency-domain,
NMR signals with a signal intensity within a
given interval around the mean signal inten-
sity of the sampled signal (202), and NMR
signals with a signal width within a given
interval around the mean signal width;
generate for each variation parameter value
(VP-1 to VP-n) a corresponding intermedi-
ate data set (102-1 to 102-n) by applying
the system function (121) with the respec-
tive variation parameter value (VP-1 to VP-
n) to the sampled NMR signal data (202);

a base value centered spectrum generator (130)
configured to:
generate from each intermediate data set (102-1
to 102-n), in the frequency-domain, a respective
base value centered spectrum (103-1 to 103-n)
wherein the respective base value centered
spectra eliminate offsets from the intermediate
data sets; and
a signal detector (140) configured to:
detect signal intervals (109) by extracting from
the base value centered spectra (103-1 to 103-
n) for each frequency point variations induced
by the system function, and to identify frequency
intervals with induced variations exceeding re-
spective weighted noise values as signal inter-
vals;
characterized in that
the base value centered spectrum generator is
further configured to generating base value cen-
tered spectra by:

computing for each point of the intermediate
data sets (102-1 to 102-n) in the frequency-
domain an ensemble base value based on
the respective values of all intermediate da-
ta sets;
subtracting the computed ensemble base
values from the respective values of the in-
termediate data sets resulting in a corre-
sponding base value centered spectrum
(103-1 to 103-n) for each intermediate data
set (102-1 to 102-n).

11. The system (100) of claim 10, wherein the signal
detector (140) is configured to:

generate a deviation spectrum from the plurality
of generated base value centered spectra
(103-1 to 103-n) by computing for each frequen-

cy point the standard deviation taking into ac-
count the respective values of all generated
base value centered spectra;
determine a noise value with the noise signal
corresponding to a normal distribution by com-
puting the mean value and the standard devia-
tion for a non-signal interval in the deviation
spectrum, the non-signal interval corresponding
to a frequency interval having a normal distribu-
tion;
multiply the computed noise value with a prede-
fined weighting factor wherein the weighting fac-
tor determines a threshold probability for values
in the deviation spectrum which are lower than
or equal to the weighted noise value to qualify
as noise values with said threshold probability;
and
determine values in the deviation spectrum
which are higher than the weighted noise value
as NMR signal components.

12. The system (100) of claim 10, wherein the signal
detector (140) is configured to:

generate an eigenspace matrix from the plurality
of generated base value centered spectra
(103-1 to 103-n) by including a row for each base
value centered spectrum where each column in-
cludes the spectrum values for the respective
frequency points;
determine the absolute values of the product of
the first m eigenvectors and eigenvalues of the
matrix, the absolute values representing the
system function induced variations; and
identify the absolute values which are greater
than respective weighted noise values as NMR
signal components.

13. The system (100) of claim 10, wherein the signal
detector (140) is configured to:
detect signal intervals by using iterative thresholding
when extracting the variation for each frequency
point from the base value centered spectra (103-1
to 103-n).

14. A NMR spectrometer comprising the system (100)
of any of the claims 10 to 13.
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