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Application of multivariate statistical analysis methods in optical
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A new methodological approach to the construction of multifunctional biomedical diagnostic devices to assess
the critical state of the human body, the state of shock, has been developed. A wearable hardware and
software system used for medical monitoring of the functional state of the human cardiovascular system based
on optoelectronic sensors and analysis of the obtained multidimensional array of heterogeneous physiological data
using the multivariate statistical analysis and machine learning techniques has been studied. The relationships
between the spectral response of biological tissues and the functional state of a person, in particular, the state of

shock, have been mathematically substantiated.
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The current development level of biomedical diagnostics,
registration and analysis of the physiological state of the
human body makes it possible to create a system of sensors
that register individual indicators of physiological parameters
in dynamics, which gives an idea of the onset of a critical
state [1-3].

A state of shock — a physiological state of a sharp
decrease in the volume of blood supply to tissues and
centralisation of blood circulation. There is vasoconstriction,
redirecting blood to the most important organs. Such a state
can be detected by capillary blood circulation in the skin
and changes in the optical characteristics of backscattered
radiation in biological tissues [4,5].

Development of hardware and software
system for medical monitoring of the
functional state of the human
cardiovascular system

The hardware and software system (HSS) of optical
tissue oximetry has been developed, the physical principle
of which is the difference of optical absorption properties
of the main chromophores of biological tissue, in particular,
physiological forms of haemoglobin protein. The forms of
haemoglobin have different absorption capacity in a wide
range of wavelengths, therefore it was decided to develop
an optical system operating in the visible and near-infrared
ranges. The optoelectronic module is represented by
a chipset consisting of three spectral sensors AS72651,
AS72652 and AS72653, each containing Gaussian

interference filter technology. The individual Gaussian
filters are integrated into standard silicon complementary
metal-oxide—semiconductor (CMOS) technology and are
presented in an LGA package with an integrated aperture
that controls the flow of light to the photosensitive element
array. Each optical channel records the optical intensity |
(uW/cm?). The diagram of the hardware and software
system is shown in Fig. 1. Sensor AS72651 registers wave-
lengths 610/680/730/760/810/860 nm. The AS7265 detects
wavelengths of 560/585/645/705/900/940 nm. The AS72653
detects wavelengths of 410/435/460/485/510/535 nm. Three
SMD LEDs were selected as external radiation sources of
the optoelectronic module: white, red and infrared.

The computational and data processing module performs
general control of the system, displays the obtained mea-
surements, and processes the obtained data array. The data
received by the optoelectronic module were transmitted to a
personal computer by means of a wireless personal network.

An experimental study with 14 male subjects was
conducted using the developed HSS. During the study, a
shock state was simulated experimentally under controlled
conditions and conditions were created for short-term
centralisation of blood circulation due to stress reaction of
the body by means of cuff occlusion test on the upper
extremities. The study was performed in the sitting position.
The HSS was fixed on the forearm of the left hand in
each subject. The research protocol was as follows: 1 —
taking measurements at rest for one minute; 2 — taking
measurements under conditions of short-term centralisation
of blood circulation due to occlusion for 3 minutes. The
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Figure 1. Functional diagram of the developed HSS: I — radiation sources; 2 — biological tissue; 3 — spectral sensors.

readings of each of the 18 optical channels of the HSS were
obtained digitally throughout the experimental study and
saved for subsequent analysis on a personal computer using
specially developed software.

Research results

The obtained spectral responses at different stages of the
experimental study were processed by methods of statistical
multivariate analysis, in particular the principal component
method (PCM), designed to reduce dimensionality and
visualise the original spectral data [6]. Principal components
are a generated set of new features t(1), t(2), ..., t(p) each
derived from a linear combination of the original (initial)
features x(1), X(2), ..., X(p), that were directly measured
on the objects under study. PCM was applied to the spectral
dataset, which was a matrix that consisted of 28 rows and
18 columns (readings from each of the 18 optical channels).
The data were selected for presentation using the first two
principal components, which explained 89.2% of the total
variance of the original data. Figure 2 shows the distribution
of the resulting data set in the plane formed by the principal
components / and 2.

Using the principal component method, it was found that
the spectral responses obtained grouped into mathematical
clusters according to the nature of the subject’s physiological
state. In Fig. 2, a clear ranking of rest/shock state can be

traced along the axis x, which represents the first principal
component (Principal component 1), with the greatest
contribution to the differentiation of spectral responses of
biological tissues made by wavelengths 645, 810, and
760nm. The length of the vectors corresponds to the
contribution of the optical channel reading at a certain
wavelength to the subject’s states, the direction indicates
in which direction the increase in the reading of the given
channel will shift the subjects on the given diagram. By
analysing the lengths and directions of the vectors, optical
channels (wavelengths) —indicators that contribute most to
the shock state can be identified. An expression representing
a linear combination of the weighted original variables
with the corresponding ,,weights for the first principal
component is presented below:

PC1 =-0.29-645nm — 0.28 - 810nm — 0.27 - 760 nm
—0.13-610nm — 0.12 - 730nm — 0.12 - 860 nm
—0.11-680nm — 0.09 - 410nm — 0.09 - 435 nm
—0.09 - 560nm — 0.06 - 510nm — 0.05 - 535nm
—0.05 - 585nm — 0.05 - 940 nm — 0.04 - 460 nm
—0.03-485nm — 0.1 - 705nm — 0.1 - 900 nm

Thus, it is found that the greatest contribution to the
resting state/shock state differentiation is made by the
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Figure 2. Distribution of the original data set in the plane formed
by the two principal components into clusters: /7 — physiological
response of biological tissues of subjects at rest; 2 — in the
simulation of shock state. The vectors indicate the direction and
magnitude of the initial features contribution to data differentiation.

responses of optical channels at wavelengths 645, 810,
760 nm.

Conclusion

A wearable hardware and software system used for
medical monitoring of the functional state of the human
cardiovascular system based on optoelectronic sensors has
been developed. The methods of multivariate statistical
analysis have been applied to analyse optical parameters
of backscattered radiation of biological tissues in case of
critical states of the human body. The shock state of
the human body is experimentally simulated by applying
functional load in the form of occlusion test of the upper
extremities. The relationships between the spectral response
of biological tissues and the functional state of a person,
in particular, the state of shock, have been mathematically
substantiated. The proposed system made it possible to
objectively assess the presence of the shock state of the
human body and the functional state of the body as a
whole, which can be used in biomedical diagnostics to
study the cardiovascular system functions in various critical
conditions, to control the effectiveness of therapeutic and
surgical interventions, as well as to optimise the recovery
treatment.
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