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Abstract. The early detection Alzheimer’s disease is an important challenge. Using blind source
separation, wavelet time-frequency transforms and “bump modeling” of electro-encephalographic
(EEG) recordings, a set of features describing the recordings of mildly impaired patients and of controls
subject is built. Feature selection by the random probe method leads to the selection of a few reliable
features, which are fed to a neural network classifier. This leads to a sizeable performance improvement
over detection results previously published on the same data.

1 Introduction

Alzheimer’s disease (AD) is the most common neurodegenerative disorder. Since the number of
individuals with AD is expected to increase in the near future, early diagnosis and effective treatment of
AD are critical issues in dementia research [1]. Finding a method for early identification of patients who
are to progress toward Alzheimer’s disease, but do not exhibit clinical signs of AD at the time of the test, is
thus an important challenge. Furthermore, an early detection method should be inexpensive, in order to
allow mass screening of that disease [2]. Electroencephalography (EEG) is one of the most promising
candidates in that respect.

The “at-risk” state is commonly referred to as Mild Cognitive Impairment (MCI) [3]. In [4], two data
sets of EEG recordings, obtained in the course of a clinical study [5], were created:
− the MCI set, featuring 22 EEG recordings of patients matching the criteria of mild cognitive impairment,

who developed AD two years later;
− a control set, featuring 38 recordings from age-matched family members of the patients.

In the present paper, we show that the combined use of blind source separation for dimensionality
reduction, bump modeling for feature generation, and statistical feature selection, provides a substantial
improvement over early AD detection results obtained previously [4] on the same data set.

2 Methods

2.1 Blind Source Separation for Signal Filtering

According to the currently prevailing view of EEG signal processing, that signal can be modeled as a linear
mixture of a finite number of sources, with additive noise. Therefore, blind source separation techniques
can be used advantageously for filtering EEG signals. In a previous investigation of the same data set [4],
the AMUSE (Algorithm for Multiple Unknown Signals Extraction [6], [7], [8], [9]) algorithm, a blind



source separation technique that relies on second-order statistics for spatio-temporal decorrelation, was
used in order to select the five components of the signal that had the lowest linear predictability. In the
present paper, that method was used as a baseline for assessing the efficiency of the detection obtained by
the present method: a data base (hereinafter referred to as D1) containing those five components was
generated1.

In addition, a second database (hereinafter referred to as D2) was generated, containing the recordings of
three electrodes2 only, which were conjectured to be the most relevant for early AD detection.

2.2 Time-Frequency Maps and Bump Modeling for Feature Generation

In order to obtain a compact representation of the signals of D1 and D2, suitable for automatic
discrimination of MCI patients from control individuals, the signals were first analyzed in the time-
frequency domain by a wavelet transformation, and the resulting time-frequency maps were modeled by
bumps, as described below.

2.2.1 Wavelet Transformation and Time-Frequency Map Generation
EEG signals were first transformed to time-frequency maps using wavelets. There is a wide variety of
wavelets (see [11] for details). In the present study, complex Morlet wavelets [12] were used. Complex
Morlet wavelets are appropriate for time-frequency analysis of electroencephalographic signals ([13], [14],
[15],[16]). Complex Morlet wavelets of Gaussian shape in time (deviation σt) are defined as:

w t( ) = A.exp −t 2 / 2σ t
2( ).exp 2iπ ft( ) (1)

where σt and f are appropriately chosen parameters; they cannot be chosen independently, since the product
σt f determines the number of periods that are present in the wavelet. In the present investigation, the
wavelet family defined by 2πσt f = 7 was chosen, as described in [13].

The signals present in the D1, and D2 databases were wavelet-transformed in the frequency range 1.5 to
31.5 Hz, discretized in 0.25 Hz steps.

2.2.2 Bump Modeling
The bump modeling technique is a 2-dimensional generalization of the Gaussian mesa function modelling
technique that was initially designed for one-dimensional signals (electrocardiogram analysis) [17]. In the
present study, it was used for extracting information from the time-frequency maps (see [18] for a detailed
description of the method). This method was successfully applied to the analysis of local field potential
signals, gathered from electrophysiological (invasive) measurements [19]; the present paper reports the first
application of bump modeling to surface EEG signals.

The purpose of this method is to approximate a time-frequency map as a sum of known elementary
parameterized functions called bumps; therefore, the map is represented by the set of parameters of the
bumps, which is a very compact encoding of the map, resulting to information compression rates ranging
from one hundred to one thousand. The parameters of the bumps are computed in order to minimize the
modelling error. The method is somewhat similar in spirit to the matching-pursuit type algorithms [20]. The
algorithm performs the following steps on the maps (after normalization):
−  (i) window the map in order to define the zones to be modelled,
− (ii) find the zone that contains the maximum amount of energy,
− (iii) adapt a bump to the selected zone, and withdraw it from the original map,
− (iv) if the amount of information E modelled by the bumps reaches a threshold, stop; else return to (iii).

Half ellipsoids were found to be the most appropriate bump functions for the present application. Each
bump is described by 5 parameters: its location on the map (2 parameters), its amplitude (one parameter)

                                                            
1 The AMUSE algorithm was provided by the “ICALab” software package [10] in the present investigation
2 The conventional FP1, FP2 and FPZ electrode sites.



and the lengths of its axes (2 parameters). Figure 1 shows a typical example of bump modeling of the time-
frequency map of an EEG recording.

Fig. 1. Left: normalized time-frequency map of an EEG signal; right: bump modeling of the map

After completion of the modeling, the parameters of the bumps are candidate features for classification:
thus, the number of candidate features for a given signal is 5 times the number of bumps required for
describing its time-frequency map. Given the small size of the data set, feature selection is mandatory, in
order to avoid overparameterization.

2.3 Feature Selection

After bump modeling, the signals under investigation are represented by the set of parameters that describe
the bumps. Within that set, an even more compact representation was sought, based on expert knowledge
on the frequency bands of interest. First, five bands were defined:  θ (3.5-7.5 Hz), α1 (7.5-9.5 Hz), α2 (9.5-
12.5 Hz), β1 (12.5-17.5Hz) and β2 (17.5-25Hz). Within each band, the following features were computed:
− F1: the number of bumps in the band,
− F’1: the number of high-amplitude bumps (normalized amplitude > 0.7) in the band
− F2: the sum of the amplitudes of the bumps present in the band,
− F’2: the sum of the amplitudes of the high-amplitude bumps present in the band,
− F3: the maximal amplitude of the bumps present in the band.

Two groups of candidate features were defined: group A contains {F1, F’1, F2, F’2} and group B contains
{F1, F’1, F3}.

Thus either 3 or 4 features were computed per band, depending on the group of features under
consideration. Therefore, for database D1 (5 time-frequency maps), the number of candidate features was
either 75 or 100; for database D2 (3 time-frequency maps), the number of candidate features was either 45
or 60. Since the number of candidate features was still too large given the number of examples in the data
bases, feature selection was performed [21]. A selection algorithm based on the Gram-Schmidt orthogonal
forward regression (OFR) algorithm [22] was applied to select features relevant to the classification. In
order to choose the number of features to be kept, the random probe method [23] was applied. 100
“probes”, i.e. realizations of random variables, were computed and appended to the feature set. A risk level
is defined, which corresponds to the risk that a feature might be kept although, given the available data, it
might be less relevant than the probe. At each step of the selection procedure, the following steps are
performed:
− (i) obtain a candidate feature from OFR,
− (ii) compute the value of the cumulative distribution function of the rank of the probe for the rank of the

candidate feature,
− (iii) if that value is smaller than the risk, select the feature and return to (i);
− (iv) else, discard the feature under consideration and terminate.

Since the database is small (22 examples of mildly impaired patients only) compared to the number of
features to be tested, the ensemble feature ranking method [24] was used: 60 subsets are built by iteratively
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removing one example from the database. OFR is then applied to these subsets. The overall distribution of
features, and the average number Nk of selected features is computed; finally, the Nk overall best features
are selected. Accepting a percentage P of false positive variables (i.e. irrelevant variables that are wrongly
selected), we obtained finally F features, ranked as the most efficient ones.

3 Results

Each dataset was used for training and validating a neural network classifier (multilayer perceptron model,
see for instance [25]). The generalization performance was estimated using the leave-one-out cross-
validation method [26]. The best results, shown in Table 1, were obtained with linear classifiers (zero
hidden neuron).

The best results are obtained on data set D1 (without component 4 found by the AMUSE algorithm),
with group of candidate features A. Raw signals from D2 also provided good results for group B. For
comparison, the last line of the table reports results obtained with the same EEG recordings with a different
representation.

Table 1. Number of subjects correctly and incorrectly classified by neural network models, using D1 and D2 datasets,
depending on the feature group (A or B). Results were obtained using the leave-one-out cross-validation method,
validation set results are presented below.

Misclassified Correctly classified %Datasets
MCI

N = 22
Controls
N = 38

MCI
N = 22

Controls
N = 38

All
N = 60

D1, A group   F =12, P = 12%
Components 1,2,3 and 5+Bumps

2 2 91.0 94.7 93.3

D1, A group   F = 6, P = 9%
Components 1-5+Bumps

4 4 81.8 88.6 86.7

D1, B group   F = 11, P = 10%
Components 1-5+Bumps

2 3 91.0 92.1 91.7

D2, A group   F = 4, P = 8%
FP1, FP2 and FPZ + Bumps

7 7 68.2 81.6 76.7

D2, B group   F = 12, P = 13%
FP1, FP2 and FPZ + Bumps

2 4 91.0 89.5 90.0

Previous study, best results [5] 6 6 72.7 84.2 80.0

4 Discussion

In the present paper, we reported the first application of the bump modeling method to the automatic
classification of EEG data. Bump modeling is a 2-dimensional extension of mesa function modeling, which
was first used successfully for electrocardiographic data. For comparison purposes, the method was applied
to EEG recordings that had been classified previously by other methods, resulting in a sizeable
improvement, the overall correct classification rate being raised from 80% to 93%.

The task was the discrimination of EEG recordings of normal individuals from EEG recordings of patients
who developed Alzheimer’s disease two years later. Therefore, the present study provides exciting
prospects for early mass detection of the disease. The method is very cheap as compared to FMRI,
requiring only a 21-channnel EEG apparatus, and 20 seconds of artifact-free recording.



However, a full validation of the method requires investigating more extensive databases. Furthermore,
there is presumably a lot of information present in the recordings that is not yet exploited, such as the
dynamics of the bumps.
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