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A new approach to baseline correction is presented. A smoothed  correction which is governed by two easily adjustable paran
spectrum is used for both baseline area recognition and modeling.  eters. The essence of the method is attributed to two part

To complete the model an interpolation technique is employed pgseline recognition and baseline modeling.
over the signals area; then the model is subtracted from the

spectrum giving a flat baseline. The method has been shown to Step 1: Baseline recognition.The reliability of the auto-
give excellent results even for spectra with large baseline distor- mated baseline recognition is the decisive step in our approac
tions due to different origins. © 2000 Academic Press Since the ultimate definition of “baseline” is “not containing
Key Words: NMR baseline recognition and modeling; NMR  peaks,” it is natural to employ for its recognition the same too
baseline correction algorithm; NMR data postprocessing. that is used for peak identification. To decide whetherithe

point belongs to the baseline, it is placed in the center of

rectangle with a width ofN spectral points, which is the first
Nowadays a lot of information (peaks positions, integrajsarameter of our procedure. Among th&spoints the minimal

volumes) is obtained from NMR spectra automatically in thgnd maximal values are found. If their difference does no

support of NMR laboratories in walk-up environments. Thigxceed the noise standard deviation multiplied by a definit

requires high-quality spectra prior to automated analystactorn (the second parameter of our technique),ithepoint

Among the sources of error in any quantitative measuremesonsidered to belong to baseline:

in NMR spectra are distorted baselines. Baseline distortions in

NMR spectra can arise due to the “dead time” problem of (ymax — ymin) < no_ .. [1]

pulsed NMR (), nonlinearity of the filter-phase respong, (

the discrete nature of the Fourier transfor ) instrumental |- Eq. [1], y™ andy™ stand for the maximum and mini-

instabilities,_and other miscellaneous_ reaS(ﬁ)sﬂfX._Although mum points within the rectangular box with a center of ithe

some baseline problems can be avoided by adjusting acquigiiye. ' . is the noise standard deviation. To estimate the
tion parameters _dl_Jrlng_the_ run-time of the NM_R experiméht (|5pter quantity the spectrum is broken down into 32 regions
and exploiting digital filtering and oversampling){ postpro- ko eachith region the corresponding noise standard deviatio

cessing data treatment offers a more general way of correctg]igiS calculated. The minimab, is taken for the finalr
baseline distortions. Most popular approaches include rectimation.

struction of the first points of the fidL( 6) and approximation ] ] ) ] ] ) )
of the baseline in the frequency domain using Fourier series!t iS essential to avoid spikes in the baseline area (singl
(7), polynomials 8—10 and functions of special formi(). On PoINts belonglng to the peak). For this purpose we require ne
the other hand, a majority of NMR desktop software allows tHly that theith point satisfy Eq. [1] but also that one or two
user to manually set the points belonging to the baseline a¥dtS neighbors does. We found that a noise multipieraries
interpolate between them using analytical functions to coryery litle from spectrum to Spec“%"*? and can b? set 10 .
pletely model the baseline. While the results can often be go%?inStam value, say from 2 to 4. Variations of the width of the
enough the method requires manual intervention and Cannotrsgtangular function are discussed below.
used for batch processing. On the other hand, the quality ofStep 2: Baseline modeling.It is natural for visual inspec-
automated procedures is rarely sufficient when the baseline kiaa to have the baseline be a flat straight line with no constar
severe distortions. The failures are generally due to both inagffset. Our idea is to use the smoothed spectrum to model tt
equate types of analytical functions used for modeling and pdwsiseline over a spectrum area free of signals. The final baseli
recognition of the baseline. is then constructed from fragments of the smoothed spectru
We have recently developed a new method for baselicgennected by straight lines. We have used an averaging of tl
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neighboring data points of the spectrum, an operation equiva-
lent to convolution with a rectangular function. Thus, the
smoothed spectrum is calculated according to

k=M

S(i)= X y(i +k)/(2M + 1).

k=—M

The number ® + 1 of points is the width of the convolution

window used for the smoothed spectrum calculation. This

parameter was found to affect the final results very littlelMso

was set to a constant value of 20 points for routine 1D spectra "

The convolution window for points at the spectrum edges is not . . :

wrapped, instead a number of points smaller theh 2 1 is 4.0 3.5 3.0 2.5 2.0

used. Though we have used the rectangular function to average

data, the choice of the convolution function can be arbitrary, as

well as the method of smoothing. Using a smoothed spectrunf!lG. 1. Original *H 400 MHz spectrum with a water hump (top); the

for baseline modeling has the advantage that it makes Pﬁeline model con_sistin_g of fragments of the smoothed spectr_um and regi_o
. . .interpolated by straight lines (middle); the spectrum after baseline subtractic

assumption about the shape or functional form of basel%%ﬁom).

distortions, making the algorithm of general use.

ppm

The same advantage is inherent in the “model-free” ap-An increase in the width of the window used for baseline
proach to baseline correction suggested by M. S. Friedrictecognition will increase the contribution of distant points, anc
(12). Considering NMR peaks as just local extrema, the badke local baseline structure is not reflected correctly. Heris,
line is defined by the criterion that the number of local extrenspproximately inversely proportional to the width of the de-
above the line equals the number of local extrema below ttexted baseline distortions. Figure 2 shows the experimétal
line. The baseline is constructed by finding the median of tl3®0 MHz spectrum of a hexitol derivative and two correctec
extrema within a window centered about each point in spectra obtained with different widths of the window used for
spectrum. Our approach is similar in the respect that it albaseline recognition. In the middle spectrum, with a narrowe
uses a localized region for calculating the baseline. Théndow, the broad signal at 4.1 ppm was considered as
“model-free” method has the particular requirement that thmseline distortion. In the bottom spectrum, with an increase
density of signals is small relative to the noise extrema (othindow width, the signal of interest was not detected as part c
erwise the baseline is biased upward for positive peaks andhie baseline and was therefore preserved in the resultant sp
the resultant spectrum the heights and integrals of the signimlsm.
are reduced). Our method does not suffer such limitations and°F spectra are notorious for filter-induced baseline distor
can be applied to simple 1D spectra, not only to multidimerions due to the large spectral window. At the top of Fig. 3, ¢
sional spectra which have low signal densities. The drawbaiskpical 100 kHz wide spectrum of an unknown mixture in
of our piecewise model is that small discontinuities can fornrtMSO is shown. The bad baseline results from inappropriat
The distortions, however, are comparable with the noise statjustment of the receiver off delay. The application of oul
dard deviation and can be neglected. method allows us to obtain an almost perfectly flat baseline

Finally the baseline model is subtracted from the spectmaking possible unbiased quantitative analysis. It is wortl
This is a straightforward process, and we do not consider itioting also that all small peaks in the spectrum are preserve
be a separate step. Our method is very simple and canafter the baseline correction. Performance of our approach |
applied to a very wide range of baseline distortions. this case is comparable with that of BCF, a rather sophisticate

Algorithm steps are demonstrated in Fig. 1. The huge wataethod of baseline correction addressing explicitly the “deal
hump observed in the top spectrum resulted from poor wateme” problem ().
suppression. It introduced a distortion of an unknown form, Out-of-phase residual solvent signals present another sour
which can hardly be fitted by analytical functions. The speof baseline distortions. Generally these resonances are inco
trum in the middle of Fig. 1 presents the baseline model pfetely suppressed during the acquisition time and are filtere
fragments of the smoothed spectrum and regions interpolatad by corresponding processing steps. The routines digital
by straight lines. It is obvious from the figure that the interpdilter the time-domain datal@, 14 but severely attenuate
lation did not distort the peak heights. The spectrum hassinals near the solvent. To avoid this problem, a dedicate
digital resolution of approximately 6 points/Hz and was comlgorithm IFLAT (11) was developed to treat residual solvent
rected with the parametefé = 61,n = 3. signals. It calculates a linear combination of base functions th:
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FIG. 2. The experimentalH 300 MHz spectrum of a hexitol derivative in DMS@Q-spectrum (top), corrected spectrum with= 31, n = 3 (middle),
and corrected spectrum with = 61, n = 3 (bottom).

best represents the baseline distortion. Since these functioomplicates using this routine for the correction of distortions
include the absorptive and dispersive components of a signdunknown shapes. Our approach to the problem of removin
centered at the solvent resonance frequency, the method cardsédual solvent signals consists in applying a suitable solvel
regarded as a type of solvent-suppression technique itself. Tigpression technique followed by a general-purpose baseli
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FIG. 3. Original *F 376 MHz spectrum of an unknown mixture in DMSO (top) and baseline corrected (bottom). Baseline correction paramehérs were
31,n= 3.
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tion, as well as the intrinsic simplicity of our technique, we
have shown it to be superior and therefore of inherent value fc
desktop postprocessing.
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