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Abstract
We examined possibilities of the Kalman filter for reducing the noise effects in the analysis of absorption
spectra of gas samples, in particular, for samples of the exhaled air.
It has been shown that when comparing groups of patients with broncho-pulmonary diseases on the basis of the
absorption spectra analysis of exhaled air samples the data preprocessing with the Kalman filtering can improve the

classification sensitivity using a support vector kernel with mpl.
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Introduction

Non-invasive diagnostic methods of disease based on the analysis of exhaled air are now actively developing [1,
2], and as a patient feature one can use the absorption spectrum of the gas sample [3].

The process of measuring the absorption spectra of the gas samples is associated with exposure to the
photoacoustic detector random factors. When using sensitive microphones and low-noise preamplifiers, the external
acoustic noise has the crucial meaning [4].

Quite often a small change in the initial conditions can lead to drastic changes both in the intensity of the acting
noise and its characteristics. Typically, each component of the test signal may have a complex structure, which is
determined by many factors [5,6]. In general, the signal analysis is complicated in the presence of random noise with a
priori unknown statistical characteristics.

Thus, a variety of the processing of initial conditions and waveforms describing the components of the analyzed
process, determines variety of signal analysis methods. Decrease in the contribution of the noise component in the signal
processing results is achieved by filtering algorithms and smoothing primary experimental signal.

In this task it is interesting to do an analysis of preprocessing the experimental spectra to see its effect on

various patient’s group classification accuracy based on the spectral analysis of exhaled air by an example of the laser
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photoacoustic infrared gas analyzer. The paper presents comparison results of the median filter, Kalman filter, and
Savitzky-Golay filter.

The analyzed spectrum is a bar chart which describes the dependence of the absorption coefficient on the
wavelength. Note that the sample limitation in presence of the noise component is the actual specificity of the
experimental health data. The solution for this problem is either in the use of special statistical methods to obtain
estimates for small samples (Bootstrap [12]) or in the noise suppression using analytic filters to identify not static, but
deterministic regularities.

The carrying out of comparative analysis of the various signal filtering algorithms is also hampered because the
classic criterion of "signal / noise" ratio assumes the presence of a reference signal, that is impossible in the framework
of the conducted experiments. It has been proposed to assess the quality of the filtering algorithms according to their
impact on the classification results.

In the absorption spectra classification problem the classifiers with the teacher are commonly used, e.g.,
(SIMCA [7], SVM [8], Random Forest [7] and others). However, such classifiers are susceptible to noise and the quality
of separation is directly related to the data quality.

In studies on the subject [8,9] some success has been achieved by combining the principal components method
to reduce the dimension of the test data and the SVM classifier.

In this paper we used the approach described above to assess the quality of filtration using the Kalman filter, the
median filter and the Savitzky-Golay filter.

Kalman filter

The Kalman filter has been considered to reduce the noise effects on the classification of spectra of the exhaled
air samples. Also, as a comparison, the data of the median filter and the Savitzky-Golay filter are given. The Kalman
filter also allows to correct the data based on evaluation of the system dynamic state. The filtered value is dependent
linearly on all previous data, so this filter is called linear. A peculiarity of the Kalman filter is a possibility to establish
any mathematical model of the object dynamics. In the ideal case, the model can describe various changes of the object
that will reduce or eliminate measurement errors [10]. The system model is assumed to describe a current state at time k
based on the state at time k-1.

The rule of changing the state can be expressed as the following:
X, = AXy_1 + Bu, + N(O,R),
where X, is a current state, 4 is a temporal transformation matrix of states, B is a matrix describing a force action u,.

This section presents the results of filtering the absorption spectra of the exhaled air, as well as the classification
results on the base of the approach that combines principal component analysis and SVM algorithm before and after
filtration.

In this paper we have used the experimental data obtained with the gas analyzer “LaserBreese” (produced by
“Special Technologies, LTD., Novosibirsk, Russia). As the experimental data, we used the absorption spectra of the
exhaled air samples (EAS) in range of 2.5-3.5 microns from 11 patients with chronic obstructive pulmonary disease

(COPD) and from 10 healthy volunteers (total 77).
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Figure 1. Example of the sample data before and after filtering with the Savitzky-Golay and Kalman filter.

Figure 1 shows examples of the absorption spectra of EAS before and after filtering using the Savitzky-Golay
filter with the following parameters: the filter order k = 2, the window size f = 5, and the Kalman filter with the
following parameters: A =1,u=0, R =0.05.

The spectrum is seen to be changed significantly after filtering. For the Kalman filter due to its specificity the
change occurs with a "delay", however, for the given filter the main peaks remain. The filtering was applied to the
original spectrum. After that the principal components were found, which were then used in the step of classification.

The Kalman filter work in the space of principal components is represented in Figure 2 as an example. Figure 2
displays COPD patients’ projection onto the plane of 4 and 8 principal components. It can be seen that the scatter of

points after filtering becomes smaller.
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Figure 2. The projections of the objects onto the plane with 4 and 8 main components for the input and filtered spectra.

Figure 2 displayed COPD patients’ projection onto the plane with 4 and 8 principal components. It can be seen
that the scatter of points after filtering becomes smaller.

As a classifier, we used a support vector machine (SVM) with mpl kernel [8, 11], which applied only to the
principal components of a test spectrum.

Because the SVM method includes the step of training on the classified data, 40% of the initial data were used
for training and 60% for testing.

Table 1 shows the results of the data classification before and after preprocessing. Here, the sensitivity of the
classifier is the ability to select the patients with COPD, and the specificity is the ability to select healthy volunteers.

It can be seen that the sensitivity of the classifier after filtering increases significantly indicating the
improvement of the quality of the data separation. Note that the median filter increases both sensitivity and specificity, it
is best suited for filtering the analyzed experimental data. The Savitzky-Golay filter does not improve the data
separability. The classification accuracy does not become higher for different values of parameters (one of the sets of
parameters is shown in the table).

Table 1: Sensitivity and specificity for the SVM-classifier before and after filtering with the Kalman filter.

Data without filtering The data after the | The data after the

processing  with  the | processing  with  the

Kalman filter Savitzky-Golay filter
Sensitivity 0.8462 0.9231 0.8462
Specificity 0.5000 0.5000 0.5000
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Summary
Due to the fact that the classification result depends on the data, and the number of the analyzed data is small,
these results make it possible to estimate quality of the filtering algorithm on a small sample.
The results obtained show the increase of sensitivity of the SVM classification when applying the Kalman filter

for patients with COPD and healthy volunteers on the basis of the analysis of the absorption spectra of the EAS.
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