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METHOD OF LIVING ORGANISM MULTIMODAL
FUNCTIONAL MAPPING

BACKGROUND OF THE INVENTION

The present invention belongs to the field of physics and medicine or, more precisely, to
methods and systems or characterizing and investigating the functional state of living organisms
and the functional dynamics of the physiological processes taking place during the living
organism’s vital activity, and using information obtained therefrom in a multimodal approach.

Living organism functional mapping reveals the earliest signs of pathologies on the
basis of the integral picture of the organism’s functioning. This opens up the possibility of
avoiding radical methods of treatment which become necessary when such pathologies are
revealed at a later stage of their development. That is why the methods related to the living
organism’s early functional diagnostics are very promising for the population screening and for
development of preventive medicine.

For a long time, functional diagnostics of a living organism’s state was performed only
with the use of various tests which determined the quality and/or the reaction rates of the
organism's physiological systems. Such tests made it possible to only estimate the functional
state of the living organism’s system when the organism was involved
in some purposeful activity. Since the overall picture of the organism functioning was not
investigated, such measurements did not give rise to the possibility of performing early
diagnosis of pathology.

Only lately, when modern radio physics (electromagnetic theory) methods were applied
to biomedical research, the possibility appeared of recording a complex picture of the spatial-
temporal dynamics of a living organism's physical fields and radiations, yielding important
information on the state of the organism's various regulative systems and organs in the course
of natural vital activity.

The human body or organism is a dynamic self-regulative system. Its stability
(homeostasis) is provided by the continuous functioning of different physiological systems.
Variations in the organism's physiological parameters result in changes of the biological tissue's
physical parameters, such as, for example, the temperature, dielectric permeability, magnetic
susceptibility, electric impedance and potentials, currents, etc. The organism's functional
dynamics are reflected in the above mentioned dynamic distributions of its physical parameters.
Information on the functional dynamics are revealed in the real time scale by the dynamics of
the organism's physical fields and radiations: infrared (IR), microwave, acoustical, optical
radiations, electric and magnetic fields. Under these conditions, external fields and radiations
become parametrically modulated, with those of natural origin such as geomagnetic, electric,

light, etc., being first observed.
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Different methods of investigating and diagnosing a living organism’s state which
employ recording the above mentioned physical parameters are known.

For example, to determine the biological tissues' temperature, the tissue’s own
electromagnetic thermal radiations, which are most intensive at the middle IR-wavelength range,
are recorded. Infrared dynamic thermal mapping methods, as described in Guljaev, Yu V.,
Godik, E. E. et al.," on the possibilities of the functional diagnostics of the biological subjects
via their temporal dynamics of the infrared images,” USSR Academy Nauk
Proceedings/Biophysics, 1984, vol. 277, pp. 1486-1491, are based on such measurements. This
method permits both measuring the tissue temperature with accuracy better than 0.1 degree and
investigating the spatial-temporal distribution of blood microcirculation at the near surface
tissues of the living organism. To accomplish this, temporal changes in the spatial distribution
of IR-thermal radiation intensity of the living organism tissues are recorded, which provides the
spatial-temporal microcirculation dynamics in these tissues. This method is used for
investigation of both the spontaneous functional dynamics and functional dynamics initiated by
the reactions of the physiological systems to different functional tests: reflective and humoral
ones. The data thus obtained are represented in the form of the temporal sequences of the
thermal images and/or the spatial-temporal cuts. Pain reactions, hyper- and hypo- ventilation
and the effects of pharmaceutical treatments are able to be visualized under these conditions. In
addition, this method reveals regions with various disturbances in the regulative mechanisms,
and differential diagnostics of such disturbances can be performed. This method also permits
estimating the state of the internal organs via the study of the spatial-temporal dynamics of the
IR-radiation intensity recorded at the areas where the dermatomers reflectively connected with
the corresponding organs are located.

However, the main disadvantage of the above described method is that it does not permit
investigating the functional interconnection between various physiological processes which
occur in a living organism under investigation. IR-thermal radiation provides information only
about the dynamics of slow microcirculation, since the depth examined does not exceed 100
um. At the same time, the process of the thermal projection to the skin surface of the deeper
layers of the blood flow network takes several seconds. For this reason, the above method does
not permit investigating the fast blood flow dynamics connected, for example, with cardio and/or
respiratory processes. The application of this method for the description of the living
organism’s functional state is restricted by information contained in the slow temporal
dynamics of the skin surface temperature. In addition, this method fails to obtain the necessary
set of additional physical parameters characterizing the functioning of the living organisms’
investigated regions.

Another method of living organism functional diagnostics is a multichannel
measurement of physiological parameters. A whole family of multichannel polygraphy is based
on such approach, as described in Hasset, J," Introduction into psycho-physiology," Moscow,
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Mir, 1981 (translated into Russian), for example. According to this method signals or
information derived simultaneously from several channels are measured. The most complete set
of information is represented by simultaneous measurements of the electroencephalogram,
electrocardiogram, arterial pressure, skin electric resistance and/or skin galvanic reaction, skin
temperature, plethysmogram and electromyogram, as described in, for example, Yoshihiro, Ito,

" Autogenic training and treating apparatus,” U.S.A. Patent No. 4, 573, 472, 4 March 1984. On
the basis of the temporal dynamics of the recorded parameters, the living organism’s functional
state is judged. Recording of several different physiological signals gives a more accurate
description of the organism's state.

At the same time, the multichannel polygraphy method reflects the temporal dynamics of
the above parameters only at several discrete points of the organism and neither permits
determination of the spatial distribution of the physiological reactions, i.e., the spatial portrait of
the living organism's functioning, nor the investigation of the functional dynamics of the whole-
organism’s connectivity of the physiological systems.

A method of functional diagnostics based on multichannel mapping of the spatial-
temporal distributions of the physical field tensions and radiation intensities of the human body
(living organism) is also known, and described in Godik, E. E., Guljaev, Yu V. Human and
animal physical fields," V mire nauki "(Russian version of Scientific American), 1990, no. 5, pp.
74-83. This method is based on the following approach to determine the functional state of a
living organism.

The human body or living organism, as a self-regulative system, is functionally
inhomogeneous and non-stationary. For that reason its functioning and its multilevel regulative
mechanisms are described by a hierarchy of rate constants from milliseconds to minutes, hours
to days, etc. An adequate method of providing radio physical (electromagnetic) monitoring of
such a system is called dynamic mapping, i.e., recording the temporal sequences of the
instantaneous distributions (maps) of the physical fields tensions and/or radiation intensities
over time intervals which are much Jess than the corresponding time constants of the regulative
processes. The temporal map sequences thus obtained are called dynamic maps.

For example, to determine the tissue temperature of a living organism, its
electromagnetic thermal radiation is recorded by means of infrared dynamic thermovision.

More specifically, a low intensity microwave thermal radiation comes from the
organism's depth. Its brightness reflects non-inertially the functional dynamics of heat
production and blood flow rate in the muscles, brain cortex and internal organs. Recording of
such radiation is performed at wavelengths of about 3-30 cm, while the depth it comes from is
of the order of 2-5 cm.

More detailed information about the spatial distribution of the thermal production
functional dynamics inside the living organism is revealed by thermal acoustic radiation at an
ultrasound frequency range of hundreds kilohertz to megahertz (corresponding to a wavelength
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of about 1 mm). Ultrasound waves, produced by thermal acoustic noise of the organism's
tissues, come to the organism's surface from a greater depth (5-10 cm) and bring information, in
real time scale, about functioning of the internal organs, such as the liver.

The organism's fast reflective regulation and functioning are revealed, in particular, in
neural activity and in the muscular excitation processes. Information on these fast processes
(the characteristic times are in the millisecond region) is revealed by a dynamic picture of the
electrical potentials at the skin surface, and, especially, by the spatial-temporal dynamics of the
magnetic fields around the body surface. Electric activity of the living organism's heart and
brain are investigated by means of magnetic dynamic mapping.

Without illumination, extra weak radiation (chemoluminescence) of the skin covers
connected with lipid peroxidation is observed in the optical yellow-green spectral range. Its
intensity is determined by the antioxidizing status of the organism investigated. Under
conditions of external illumination, the chemiluminescence intensity increases and, in addition,
temporally and spectrally dynamic optical pictures appear at the near IR-wavelength range. Itis
the radiation back scattered by the biological tissues that produces this picture; it comes from
the depth of up to one centimeter and characterizes the functional redistribution of the
physiological pigments, especially various forms of blood hemoglobin.

In addition to the living organism's own physical fields and radiations, the organism's
functional status is reflected in the external fields and radiations spatial-temporal dynamics,
which are modulated as a result of the living organisms' physiological system's activity. Thus,
blood redistribution related to cardiac pulsations is parametrically reflected in the geomagnetic
field spatial-temporal dynamics near the torso, and the microcirculation dynamics of the
capillary blood content is parametrically reflected by means of changes in the electrical tissue
impedance. Electrical tissue impedance is measured by means of spatial-temporal distribution of
external electrical fields having frequencies from tens to hundreds of kilohertz.

A considerable disadvantage of this latter method is that the dynamic maps provided by
the measured parameters are considered separately. Furthermore, this method does not permit a
comparison of variations in the spatial and temporal dynamics in different physical parameters
which provide information on the state of different physiological systems and processes. In
addition, this disadvantage relates equally to all the above described methods and noticeably
limits their potential to reveal pathology.

A living organism’s microwave thermal functional mapping by means of temporal
sequences recording the organism’s own microwave thermal radiation intensity spatial
distributions and subsequently determining, on this basis, the distributions of integral depth
temperature within the living organism’s investigated areas is described in Godik, E. E., Guljaev,
Yu V. A human body through the “Eyes of Radiophysics”—Radio Engineering (Russian),
1991, no. 8, pp. 51-61. English translation: Telecommunications and Radio Engineering, 1991,
no. 9, pp. 90-99 and is based on recording the microwave brightness temperature distributions
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at the wavelength range of several centimeters and the subsequent analysis of the dynamics of
the thermal field’s behavior within the living organism’s investigated area.

An apparatus for living organism microwave thermal functioning mapping is described
by Guljaev, Yu V., Godik, E. E. et al. Radio thermal dynamic mapping of biological subjects,
USSR Acad Nauk Dokl (Biophysics), 1988, 299, 1259-1253 (Russian) wherein a multichannel
antenna system, connected to inputs of a high frequency radiometer, has the output connected
with a multichannel analog-to-digital converter coupled to a personal computer. A common
disadvantage of the above method and apparatus is the low information volume obtained, since
these technical solutions permit estimating only spatial-temporal distributions of living
organism thermal fields.

Other U.S. patents and applications of interest by the present inventor, Godik, are as
follows: U.S. Patent No. 5,865,167 entitled “Method of Living System Organism Diagnostics
and Apparatus for its Realization”; U.S. Patent No. 5,747,789 entitled “Method For
Investigation of Distribution of Physiological Components in Human Body Tissues and
Apparatus For its Realization™; U.S. Patent No. 5,865,743 entitled “Method of Living
Organism Multimodal Functional Mapping” (upon which this application claims priority);
U.S. Patent No. 5,730,133 entitled “Optical Functional Mamoscope™; U.S. Patent No.
5,699,797 entitled “Method of Investigation of Microcirculation Functional Dynamics of
Physiological Liquids in Skin and Apparatus for its Realization” and U.S. Patent Application
Serial No. 08/491,865 entitled “Method and Apparatus For Diagnostics of Internal Organs”.
All of the above being incorporated herein by reference.

It is therefore an object of this invention to provide complete information on the
functional state of a living organism by the simultaneous measurement, analysis and evaluation
of a set of independent parameters of physical fields and radiations.

It is another object of this invention to provide a method of multimodal functional
mapping of a living organism by the interconnection of characteristics of the spatial-temporal

dynamics of at least two parameters in order to diagnose the investigated organism.

SUMMARY OF THE INVENTION

The objects set forth above as well as further and other objects and advantages of the
present invention are achieved by the embodiments of the invention described herein below.

A preferred embodiment of this invention is directed to recording the spatial-temporal
distribution of at least one physical parameter and characterizing the physiological state of the
living organism diagnosed. To determine the characteristics of the spatial-temporal
distributions for each of the physical parameters, comparison is made with the characteristics
recorded for the same living organism but at a different spatial area or at different time interval,
or with similar characteristics obtained for another living organism. The results of such a
comparison determine the functional state of the living organism diagnosed. In accordance with
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the invention, the spatial-temporal distribution of at least one physical parameter of the living
organism diagnosed is recorded, and at least one interconnection characteristic of the spatial-
temporal distributions of the recorded physical parameters is determined. The characteristics
obtained are then compared with similar interconnection characteristics recorded for the same
organism at different spatial or temporal ranges, or with similar characteristics of the same
physical parameter recorded for another living organism. The results of such a comparison
determine the functional state of the diagnosed living organism.

The above described procedure makes it possible to diagnose a living organism's state
on the basis of an integral picture of the functional connectivity of physiological processes.

It is part of the inventive concept to record the spatial-temporal distributions of both a
living organism's own physical field's tensions and radiation intensities as well as physical
characteristics of its surface and external fields’ tensions and/or intensities of external
radiations, which are modulated due to the presence of another living organism. It is expedient,
under these conditions, to record at least two such physical parameters simultaneously.
Recording at least two parameters permits using the spatial-temporal dynamic characteristics of
one of the physical parameters recorded for choosing the parameters for the other parameter
recording: the beginning and the frequency of measurements and the necessary data volume.
This helps to reduce the volume of the data analyzed and to simplify the means and equipment
for the data accumulation. One parameter from the two simultaneously recorded parameters is
used for synchronous accumulation and detection of the other parameter; this is especially
useful for the non-invasive measurements of the above physical parameters under the conditions
of low signal/noise ratio and at the presence of background disturbances.

Further, this invention divides the spatial-temporal distributions of each of the recorded
physical parameters into the regions functionally connected with each other. This procedure
permits the determination of the interconnection characteristics of the spatial-temporal
distributions of these parameters. The interconnection characteristics provide information on
the functioning of the diagnosed living organism’s physiological systems and organs.

The elements of the integral spatial-temporal distribution of the recorded physical
parameters could be used for investigation of the cross-correlation characteristics of the
physiological processes for performing the analysis of their temporal delays and time scales, for
revealing their spatial inhomogeneities and for obtaining other important data pertinent to the
living organism functional diagnostics method.

More specifically, this invention provides a considerable increase in the information
volume of the functional imaging due to simultaneous recording of one or more physical
parameters reflecting the state of the physiological systems at the investigated region of the
living organism, thus the name multimodal. In particular, by simultaneously recording the
microwave thermal radiation and blood flow rate in the region investigated it is possible to
separate thermal production changes connected with the cell metabolism and with local blood
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7
flow. In addition, the coefficients of optical radiation back scattering at the 0.3-2.0 um range are
simultaneously recorded, the dependence of the picture obtained on the degree of the tissue
blood content can also be estimated. In such a way, it is possible to determine the contributions
made by different components to the integral picture of the organism thermal production
changes, and thereby, to estimate the functional state of the living organism’s separate systems.

The above mentioned technical result is achieved by modification of the known method
of living organism functional mapping, determined by recording the temporal sequences of the
intensity distributions of the living organism’s own microwave thermal radiations and in
determining on this basis the temporal sequences of the integral depth temperature distributions
within the investigated region of the living organism. This involves additional synchronous
measurements of the temporal sequences of the spatial distributions of at least one other
physical parameter, reflecting the functional state of the living organism’s investigated region
biological tissues. The recording regime for one of the above physical parameters being
optimized by taking into consideration important, from a physiological point of view,
peculiarities of the spatial-temporal distribution of the other parameter. The functional state of
the living organism’s biological tissues is determined with the help of the spatial-temporal
distribution of at least one of the parameters, characterizing a mutual radio between the physical
parameters reflecting the biological tissue state.

As an additional physical parameter characterizing the biological tissue functional state,
the following could be used: blood flow rate, skin surface temperature, the living organism’s
own magnetic field strength, the electric potential at the surface of the investigated area, the
electric impedance of the biological tissues distributed over the depth of the living organism
investigated area, the acousto-brightness temperature at the deep layers of living organism body,
the acoustic impedance of the biological tissues at the depth of the living organism investigated
area, the amplitude of the mechanical shifts of the living organism surface, or the coefficient of
optical radiation back scattering from the near surface tissues of the living organism at 0.3-2.0
um wavelength range. Recording the above mentioned additional physical parameters can be
performed together with microwave thermal mapping either separately or simultaneously with
any number of the other aforementioned physical parameters in any combination.

Functionally connected areas of the investigated living organism can be mapped
simultaneously both in the course of natural functional activity and/or when the organism is a
subject of at least one external influence. As such an influence, physical, intellectual and/or
emotional loading can be used, as well as taking a pharmacological preparation, or use of some
sensor influence producing changes in the blood flow. The above listed external influences can
be used both separately or in any combination with each other.

The above mentioned results can be achieved by a modification of a multichannel
antenna-applicator system connected to inputs of a high frequency radiometer, whose outputs

are coupled to a multichannel analog-to-digital converter connected with a personal computer,
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8
with the inclusion of at least one additional multichannel analyzer for measurements of at least
one other physical parameter together with a commutator, with a group of the inputs of the latter
being coupled to the radiometer outputs; the outputs of the latter being connected to the
multichannel analog-to-digital converter inputs.

Meters of at least one additional analyzer can be integrated into a combined module with
the dipoles of a multichannel antenna device.

The multimodal meter can switch on an antenna-applicator system arranged at the
dielectric plane, a meter to measure surface temperature which is placed at the center of this
system between the antenna dipole and on both sides of the surface temperature meter,
symmetric relative to the antenna dipoles, a meter to measure the electric potential and input and
output meters of an optical pulse-oxymeter.

For a better understanding of the present invention, together with other and further
objects thereof, reference is made to the accompanying drawings and detailed description and its

scope will be painted out in the appended claims.

BRIEF DESCRIPTION OF THE DRAWINGS

Figure 1 is a general block diagram of an example of an apparatus utilized within this
invention; and
Figure 2 is a pictorial, schematic representation of a multimodal meter utilized with this

invention.
DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT

One aspect of the present invention involves recording the spatial-temporal distributions
of one or several parameters (dynamic maps) of physical fields and radiations, providing
information about physiological processes at (or near) the surface of the diagnosed living
organism. Either simultaneously or after some time interval, the spatial-
temporal distributions of one or several other parameters of the physical fields and radiations
also at (or near) the same living organism’s surface are measured.

The recorded parameters or measurements are the living organism's own physical
fields’ tensions and/or radiation intensities, as well as external fields’ tensions and/or external
radiations intensities changed as a result of the presence of the living organism investigated.
Alternatively, the physical characteristics of another living organism’s surface can be measured
and combined with the above measurements. The first or higher order time and space
derivatives of the physical parameters are often also recorded.

These spatial-temporal distributions of the physical parameters are called dynamic or
functional maps and in case more aptly name multimodal functional maps.

The physical parameters depicted by the dynamic map by itself and, especially, the
interconnection characteristics of the spatial-temporal dynamics parameters contain information

on the functioning of the living organism’s physiological systems. In order to determine the
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functional status of the living organism, the characteristics of the interconnection between
several physical parameters are analyzed. In the simplest case, only two parameters are
considered.

Of special importance while constructing the aforementioned functional or dynamic
maps, is the analysis of the parameters' temporal behavior. Such analysis is performed by the
comparison of the information elements of the parameters’ dynamic maps, representing
temporal behavior of the parameter at some spatial point or that averaged over some spatial area
of the dynamic map. Sometimes, it is more convenient to use, as the information element of the
parameter’s dynamic map, a temporal regularity in the behavior of the histogram of the
parameter amplitude at some fixed value of the latter. In particular, it is expedient to choose the
parameters recorded so that they characterize different time scales in the living organism
functional activity.

The analysis of the interconnection between the parameters dynamic maps makes it
possible to reveal essential features of the whole-organism’s spatial-temporal dynamics
reflecting functional connectivity of the living organism's physiological processes which are
responsible for the parameters recorded. The calculated interconnection characteristics give the
quantitative estimations of these features.

The interconnection characteristics of the parameters' dynamic maps describe the
temporal interconnection, the characteristic times, the mutual delays and the frequencies of the
living organism’s physiological processes. They permit determining the size and the
characteristic scales of the physiological processes and, thereby, open up the possibility of the
most complete description of the functional state of the living organism.

In order to perform the functional diagnosis of a living organism, dynamic maps of the
physical parameters, as well as the corresponding interconnection characteristics, are obtained
and are compared with similar dynamic maps of the parameters and their interconnection
characteristics obtained from the same organism at another spatial area or for another time
interval, or with those obtained for another living organism. With the results obtained from
such a comparison, the multimodal functional state of the living organism is determined.

The interconnection characteristics of the physical parameters’ dynamic maps permit an
unambiguous determination of the functional state of the living organism at different time
periods, even if some separate dynamic maps of the recorded parameters are coincident. The
method of this invention for providing a functional diagnostics of a living organism's state
makes it possible to determine both the functional status of the whole-organism’s physiological
systems and some of the separate systems and organs of the living organism investigated.

Examples of informative combinations of the recorded physical parameters are the

following dynamic map combinations:
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) electric potential of the living organism’s surface and the intensity of the microwave
thermal radiation and/or the intensity of the acoustic radiation and/or infrared radiation
intensity,
° the tension of magnetic field near the living organism’s surface and the intensity of the
microwave thermal radiation and/or the intensity of the acoustic radiation and/or electric
potential of the living organism’s surface, or
. spectral dependence of the coefficients of the optical radiation back scattered by the
investigated area of the living organism and/or of that transmitted through this area, measured
simultaneously at least at two wavelengths, and/or the intensity of the thermal infrared radiation
and/or the intensities of the thermal acoustic radiations and/or microwave thermal radiation of
the living organism and/or electrical potential on the surface and/or electrical impedance of the
tissues and/or biomechanical parameters of the tissues.

The functional maps obtained are used for the formation of the characteristic images of
the functional layers of the living organism differing by their depth: the skin, muscles,
temperature core, etc. By means of the analysis of the characteristic images of these functional
layers and taking into consideration the picture of the spatial-temporal distribution of the
organism's functioning, the organism's functional status is determined. The characteristics of the
spatial-temporal distribution of the functioning thus obtained are used as the feedback
parameters when the living organism is the subject to the influence of some external sensor.

In a comparative analysis of the parameters' dynamic maps, especially when the
calculation of their interconnection characteristics is performed, some elements of the initial
information and a set of specific features for each of such elements are used. To calculate the
interconnection characteristics, some digital measurements of the features' proximity are used.
The information elements could be chosen independently for each of such maps under these
conditions, or they could be chosen and constructed using the whole aggregate of the dynamic
maps under the consideration.

The dynamic maps of several physical parameters are recorded simultaneously or with a
time delay. The time delay being determined by the type of the physiological process
investigated the method of activation of these processes and by the physical characteristics of
the tissues and organs of the living organism.

To activate physiological processes during the process of living organism functional
diagnostics, some sensor influences and/or functional exercises are applied. For example, such
influences include external temperature changes, changes in humidity, application of
illumination, sound, mechanical influences, electric stimulation, alternating magnetic field or
pharmacologic treatments. Functional exercises include some purposeful behavior of the living
organism, for instance, muscle strain, hypo- and/or hyper-ventilation, intellectual loading, etc.

When at least two parameters are measured during the method of this invention in which

simultaneous dynamic maps are recorded, one of the parameters could be used as a reference
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for the other. The features of the information elements of this reference parameter dynamic
map are used, in real time or in a subsequent data treatment, for a synchronous and/or a pseudo-
synchronous detection and data accumulation under conditions when periodical physiological
processes are investigated. The reference parameter’s features are used for a choice of the other
parameter's recording regime and, in particular, for determination of the spatial scale and/or time
frequency of the process of recording the dynamic maps for these latter parameters. Thereby,
the conditions of the spatial-temporal continuity of the dynamic maps recorded for the
investigated physiological process are obtained. The reference parameter features are used also
for determination of the time intervals and spatial regions while recording the other parameters,
thus permitting considerable reduction of the volume of the information processed.

As an information element of the dynamic map of the reference parameter, the
parameter's temporal behavior at some spatial point, or averaged over some spatial region of the
dynamic map, is used.

Sometimes, it is more convenient to use a two-dimensional spatial distribution of the
reference parameter at some definite moment or averaged over some period of time.

Functional diagnosis of the living organism's state based upon dynamic maps of the
recorded parameters presumes determination of changes in the spatial areas, characteristic times
and definite regularities in the recorded parameters in relation with one or another physiological
process.

Recording of several parameters makes it possible to analyze the interconnection
between the dynamic maps obtained for different parts of the living organism body, reflecting
different stages in the development of the functional dynamics of the physiological processes.
Such an analysis makes it possible to reveal the character of the functional connectivity both
between different physiological systems (and/or organs) and inside them. In particular, the data
obtained permits determination of the functional manifestations of different steps in the
development of the physiological processes inside separate regions of the living organism.

Based upon the above, the dynamic maps of two or more parameters are divided into the
areas functionally connected with each other. The dynamic maps of the first parameter are used
for the clustering of the other parameter's dynamic maps and for the construction of the
corresponding functional maps and vice versa. The functional maps of the parameters represent
by itself functional images containing several clusters, each characterizing certain functional
behavior The analysis of these functional maps for the living organism under diagnosis and the
calculation, on the basis of such maps, of the characteristics of the functional interconnection
between the physiological systems and processes yield information regarding the living
organism's functional status.

Sometimes, the most important information about the functional connectivity is revealed
by the rates of the parameter's temporal and/or spatial changes. Corresponding parameter

derivatives determined by their dynamic maps serve as the information elements in such a case.
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The analysis of the correlation between the information elements chosen and their
features is performed for several parameters. In particular, functional maps are constructed
reflecting the degree of the physiological processes manifestation, their rates and/or time delays.
When it is necessary to analyze the synchronous functioning of different parts of the living
organism, the parameter's functional maps are constructed on the basis of the cross-correlation
between the selected elements of the parameter's dynamic maps. Of considerable interest for
the analysis of the functional connectivity is the construction of the functional maps reflecting
the qualitative similarity in the parameter's temporal behavior. This implies the construction of
the areas with qualitatively similar dynamics, for example, the areas where an increase or a
decrease (or some variation of such behavior) in the parameter's amplitude takes place.

For a more detailed description of the functional connectivity, the information elements
of the dynamic maps of some parameters are expressed as a function of the information
elements of the dynamic maps of the other parameters. The other method for functional map
construction is decomposition of the information elements of some parameter's dynamic maps
over some basis constructed by the information elements of the other parameter's dynamic
maps. In particular, quite informative are the functional maps constructed with the use of the
separation of the functional areas which are determined by a small number of factors connected
with the physiological processes investigated.

To investigate the temporal-spatial distribution of the functions, spatial-temporal
projections are created representing temporal distributions of the parameter's spatial changes
over some chosen direction. This results in two-dimensional cuts of the parameters’ dynamic
maps being used as the information elements.

Spatial distribution of the functioning in the form of the corresponding functional maps
is investigated by the analysis of the interconnection between the features of the information
elements or some functions of these features. The construction of the functional (dynamic)
maps presumes that the values of the features lie at some definite interval and that some logical
terms are satisfied. The functional maps thus obtained contain information about the spatial
scales of the physiological processes' functional manifestations of a similar type, about the
presence of similar spatial shifts of the areas with maximal manifestation of the organism
physiological processes, and about the waves and the spatial peculiarities in the functional
dynamics.

To improve the reliability of the functional diagnosis of the living organism's state, the
analysis of the functional connectivity of different physiological systems and organs is
performed. Such an analysis permits analyzing the degree of the living organism's functional
homogeneity under different conditions. For instance, changes in the spectral characteristics of
the muscle's microtremor under the stress conditions are well known. Also, changes in
correlation of the electric thythms of the internal electric current generators are known to take

place at different functional disturbances, etc. The method of this invention of living organism
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functional diagnostics makes it possible to reveal the absence or presence of the functional

interconnection, to estimate the degree of this interconnection, to reveal the concealed

interconnections between physiological processes, and to unravel the regularities in the

functioning of the organism, on the basis of the integral spatial-temporal dynamics of the

parameters recorded.

The analysis of the integral spatial-temporal dynamics of the parameters reveals the
areas in the dynamic (functional) maps which are characterized by belonging to some definite
class of the integral functional behaviors. Under these conditions, the main role is played not
only by the similarity in the temporal dynamics or in the spatial distribution of the parameters in
comparison with each other, as it was described above, but also by the interconnection of the
parameter's spatial-temporal dynamics with some characteristics of the physiological processes.
To obtain the clustering of the parameters’ dynamic maps into different functional areas and to
construct the functional maps, the characteristics of the spatial-temporal dynamics of the
physiological processes used are obtained on the basis of some model description of the
physiological processes.

In order to reveal the integral spatial dynamics at different areas of the living organism,
the spatial distribution of the organism's functioning is analyzed. In this case, as information
elements, integral spatial dynamics of changes in the value of the parameters along some chosen
directions, or integral two-dimensional spatial distributions of the parameters at some fixed
moment or that averaged over some time interval, or integral two-dimensional spatial-temporal
distributions of the parameters at fixed values of one spatial coordinate or that averaged over
some interval of changes in some of the spatial coordinates are chosen.

The compared features of the integral information elements utilized in the construction
of the functional maps are the characteristics of the element amplitude, its spatial or temporal
frequency or phase. Often the correlation between the features is analyzed by means of
calculation of the pair cross-correlation coefficients. In more complicated cases, numerical
measures of the qualitative similarity of the features of the integral elements are used, in order to
compare the qualitative character of the integral dynamics of the parameters under
consideration.

In the most complicated cases, a matrix of the paired distances of the features for all of
the information elements under consideration and for all the dynamic maps of the recorded
parameters are elaborated upon. On the basis of such a matrix, a set of the functional maps is
constructed reflecting various aspects of the integral spatial-temporal dynamics of the
parameters. It is possible, for example, to construct the hierarchy of the divisions into the
functional areas relying upon the degree of the homogeneity in the functioning of the living
organism investigated areas.

Sometimes, together with or instead of the spatial-temporal distributions of the

organism's own physical parameters, similar distributions of an external sensor are recorded.
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Under these conditions, the characteristics of the integral spatial-temporal behavior of the

recorded parameters are considered while performing the functional diagnostics.

Current physiological status of biological tissues is simultaneously reflected in a
number of physical parameters, not just in any one of them; to be more accurate, it is the integral
dynamics of a set of physical parameters reflecting the physiological state that gives the ability
to judge this status. The intermodal parameters such as temporal delays in the value changes,
spatial shifts of the activated areas, and the functions of mutual correlation, are of the primary
importance in this respect. Thus, information indicated by microwave thermal radiation from
the cell metabolism and local blood flow functional dynamics must be supplemented by
information about the partial contribution to the picture observed from the local blood flow via
the velocity distributions which could be estimated from the distribution of Doppler ultrasound
waves frequency changes in the investigated region. Functional changes of the blood content
are reflected in the dynamics of distribution of optical radiation back scattering coefficient at the
near IR-wavelength range of 0.3-2.0 um, where biological tissues are known to be sufficiently
transparent. The living organism’s investigated region surface temperature distribution
significantly supplements information from that gathered from a greater depth.

Information on the dynamics of deep temperatures of the biological tissues is indicated
also by acoustic thermal radiation (biological tissues are transparent for ultrasound waves up to
several centimeters at the frequencies of about 1 MHz or less). Due to fewer wavelengths of
ultrasound waves at these frequencies (the wavelength in the order of a millimeter as compared
with a decimeter for a microwave radiation with a similar depth of penetration), acoustic-thermal
mapping permits realization of much better (up to several centimeters) spatial resolution. By
simultaneous recording of changes in both the acoustic thermal and microwave thermal
radiations, the deep temperature functional dynamics can be separated from the accompanying
changes in the tissues’ radiation coefficient produced by the blood content changes.

Simultaneous recording the dynamic distribution of the electric potential with the help of
electroencephalography (EEG) and/or electromiography (EMG) at the surface of the
investigated region permit synchronization with the process of the dynamic microwave thermal
imaging.

Synchronous recording of Doppler frequency shifts of the ultrasound waves, together
with the microwave thermal brightness temperature measurements, reveals information on the
blood flow in the investigated region. This makes it possible to estimate a partial blood flow
contribution to the overall thermal production of the living organism’s investigated regional
which is manifested in the depth microwave thermal brightness temperature.

Synchronous recording of the living organism’s skin temperature together with the
measurements of microwave thermal brightness temperature, as well as the acoustic thermal
brightness temperature, give information on the thermal production of the tissue layers located
deeper as compared with that brought by the microwave thermal brightness temperature. This
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permits determination of the temperature gradients from the skin surface to a greater depth, and
also of estimating the depth at which the temperature anomaly is located by means of the
temporal shifts in the dynamics of the surface and deep temperature changes.

If together with the measurements of the microwave thermal brightness temperature, the
strength of the organism’s own magnetic field and/or the value of electric potentials at the
surface of the living organism’s investigated area characterizing the degree of the tissue
electrical activity are synchronously recorded, the energy expended necessary to produce the
activation under the conditions of the current state bioelectrical excitability, i.e., some energy
yield of the neuron network, can be estimated.

Synchronous with the measurements of microwave thermal brightness temperature,
registration of the electric and acoustic impedance of the biological tissues or the coefficient of
optical radiation back scattering at wavelength range of 0.7-2.0 um, yield information on the
degree of the tissue blood content. This permits separating the functional dynamics of the
depth temperature from the background of changes in the tissue radiation coefficient produced
by their blood content changes. This is also used to estimate the partial contribution of the
tissue blood content to the overall thermal production by the investigated region of the living
organism.

Synchronously recording the amplitude, velocity and acceleration of the mechanical
movements of the living organism’s surface simultaneously with the microwave thermal
brightness temperature measurements permits estimating the energy expenses which are
necessary to produce the mechanical work, in particular muscle contraction.

Different sets of the parameters recorded should be selected depending upon which
organ of the living organism is to be diagnosed. For example: for brain multimodal mapping,
the set of parameters should include magnetic field and electric potential on the scalp to reflect
brain cortex neuroelectric excitability; microwave and acoustic thermal radiation as a measure of
brain temperature reflecting metabolic "payment” for the excitation; backscattered near infrared
optical radiation for selected wavelengths carrying information on blood volume and
oxygenation; and doppler ultrasound frequency shift, characterizing blood flow. For soft tissue
organs with muscles (heart, skeletal muscles, arteries, stomach, intestines, bladder, uterus, etc.)
additional parameters should be included such as biomechanical (see above) for reflecting the
muscles' reactivity to neuroelectric excitation; electric and acoustic impedance for reflecting
blood volume dynamics in the case of brain's diagnostics where the skull bone interferes with
measuring such parameters for the brain cortex. For organs without muscles such as glands
(breast, prostate, liver, etc.) that do not have intrinsic biomechanic activity parameters of tissue's
biomechanical response to external compression compressibility could be very informative in
addition to the parameters set forth above for skin diagnostics infrared thermal radiation for
reflecting skin blood flow, and skin biomechanic deformation, reflecting blood volume

dynamics, provides very valuable additional information to that of the parameters listed above.
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Consequently, the process of simultaneously recording the dynamic images of several
modalities (physical parameters) permits introducing a number of intermodal parameters,
characterizing the state of the biological tissues, including:

. Their amplitude ratios, describing the energy efficiency of the muscles mechanical work,
of the neuron network electric activation, of the local blood flow changes, etc.

. The temporal delay, describing the inertia properties of the muscles contraction, the
perfusion rate at the capillary blood flow network, indicating a delay in the thermal production
as compared with the bioelectric excitation of the muscle tissue.

. The mutual spatial shifts of the dynamic maps of different modalities describing the
functional connectivity of the living organism’s various physiological processes, for example,
the electric activity of the brain cortex and the physiological reactions of the skeleton muscles.

In addition, multimodal recording of physical parameters bringing information on the
state of the physiological systems permits optimizing the parameters’ recording regime for each
of the modalities. For example, recording maps of the electric and magnetic fields permits
decreasing considerably the number of radio-thermography meters needed only those regions
of the electric and/or magnetic maps which manifest the greatest excitability can be utilized. An
increase in the signal recording time produced by redistribution of the detection time at the
regions of the greatest interest results in a considerable increase of the sensitivity of
measurements.

The use of the relatively slow temporal dynamics of the acoustic-brightness and
microwave thermal brightness temperature as a synchronous reference signal during the process
of the electrical brain cortex imaging in the form of electric or magnetic maps permits
considerable increase in the sensitivity of the signal separation from noise.

For example, functional mapping of the brain cortex of a patient undertaken while the
patient is involved in some physical exercise with his arm was undertaken. Distribution of the
microwave thermal brightness temperature at the decimeter wavelength range as well as
distribution of the electroencephalogram bends were simultaneously recorded. Radio-
thermograph and electroencephalograph meters were set up at the points on the head in
accordance with the international system of electroencephalography procedures (known as
scheme “10-207).

To increase the brain cortex response to the arm physical loading, a medical cuff was
applied to compress the working arm. Physical loading of the arm under the conditions of
muscle oxygen starvation due the artificially decreased blood flow was accompanied by an
increased afferent pulsation of the somatomotor brain cortex.

Radio thermal and electric brain cortex maps were displayed on a personal computer
monitor in pseudo color.

Soon after the cuff was applied to the left arm, a decrease in the thermal production of

Roland furrow left somatomotor zone was recorded. After two minutes, the patient began
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performing physical exercises with his left arm for two minutes, and immediately after this, the
area of an electric excitation appeared at the region of the right Roland furrow. This permitted
switching off a part (3 from 12) of the radio thermograph antenna-applicators to increase the
sensitivity via the rest of the channels, located at the region of the excitation without any increase
in the measurements time. As a result, a delay in the excitation of the right Roland furrow (the
temperature increase in it) was determined at the microwave thermal maps to be 1.5-2 minutes.

Thus, this experiment of the synchronous mapping of only two modalities reflecting the
functional activation of the brain cortex (electric and thermal ones) permitted the recording of
both the electric contralateral projection of the somatic influence to the somatomotor brain
cortex and the energy “expenses” for the activation. In addition, ipso lateral vessel projection
to the left Roland furrow was found (during medical cuff application).

The above procedure was performed with an apparatus 10 of the type shown in a block
diagram in Figure 1 of the drawings. This apparatus incorporates therein an antenna system 12
which includes, for example, a twelve wire vibrator antennae coupled to an
electroencephalograph meter for detecting a first physical parameter. An ultrahigh frequency
radiometer 14, operating in 38-cm wavelength range is coupled to antenna system 12 and
commutator 16. Sensitivity to the fluctuations was 0.1 K during 1 s. As an additional analyzer
18, a 16-channel electroencephalograph was used. Analyzer 20 is coupled to a meter 20 to
detect another physical parameter. The resultant information was input into a conventional
personal computer 22 via commutator 16 and an analog-to-digital converter 24. Processed
information was displayed at the computer monitor 26 in the form of temporal curves at each of
the measuring points, and also in the form of thermal and electric maps of the brain cortex
painted by pseudo colors in correspondence with the level of the value recorded.

A multimodal meter 28 as shown in Figure 2 was used for investigation of the
functional state of muscles during physical loading. More specifically, multimodal meter 28
includes dipoles 30 of an antenna-applicator system arranged at the dielectric plane 34, meter 36
of the skin surface temperature, meters 38 of the electric potential, and also an IR-radiation
source 40 and a detector 48. Under these conditions, the use of combined meters of a radio
thermograph, a surface thermometer, an electromyograph and an optical pletismograph permits
recording time delays in the development of different physiological processes in the muscles.
As a reference point, the moment an electric excitation in the muscle appears following the arm
physical loading, it is recorded by the electric maps. Then after a delay of several seconds, the
muscle blood content changes, as recorded by the maps of distribution of the optical radiation
back scattering coefficients at the hemoglobin absorption range. An increase in the microwave
thermal brightness temperature takes place many seconds after the beginning of the arm
loading, and the skin temperature changes appear with a delay of several minutes. The absolute
values of the temporal delays depend on the patient and their current physical state. This

permits estimating, in particular, the patient’s cardiovascular system state.
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Although the invention has been described with respect to various embodiments, it
should be realized this invention is also capable of a wide variety of further and other
embodiments within the spirit and scope of the appended claims.

I claim:
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CLAIMS

1. A method of diagnosing a living organism by multimodal functional mapping of the living
organism, the method comprising the steps of:

selecting at least two parameters characterizing different modalities of physiological
functioning of living tissues of said living organism;

obtaining said at least two parameters from substantially the same region of the living
organism;

recording substantially simultaneously temporal sequences of said at least two
parameters;

optimizing said recording of said temporal sequences of said at least two parameters by
taking into consideration information obtained from said at least two parameters;

acquiring information about said temporal sequences of said at least two parameters
from said recording;

analyzing said information in order to determine functional status information of the
living organism;

generating from said functional status information at least one multimodal functional
map of said region of the living organism; and

diagnosing the condition of the living organism by analyzing said at least one

multimodal functional map of the living organism.

2. The method of diagnosing a living organism as defined in claim 1 further comprising the
step of applying at least one external influence to said living organism during recording of said

at least two parameters.

3. A method of diagnosing a living organism by multimodal functional mapping of the living
organism, the method comprising the steps of:

recording temporal sequences of a first physical parameter of the living organism
reflecting one modality of a tissue's physiological functioning to be investigated;

recording substantially synchronously with said recording of said temporal sequences
of said first parameter, temporal sequences of at least one additional physical parameter of the
living organism reflective of another modality of said tissue's physiological functioning in said
region of the living organism under investigation,

optimizing said recordings by taking into consideration information about said first and
said at least one additional physical parameter of the living organism;

determining from said recordings of said temporal sequences of said first and said at
least one additional physical parameters, at least one parameter characterizing an interconnection

between said parameters of the living organism for said region under investigation;
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providing said at least one multimodal function map representative of said at least one
interconnection parameter characterizing intermodal functional conditions of said region of the

living organism under investigation; and
obtaining a diagnosis of said region of the living organism under investigation from said

multimodal function map.

4. The method of diagnosing a living organism as defined in claim 3 wherein said first physical
parameter represents thermal radiation intensity spatial-temporal distributions of said region of

the living organism under investigation.

5. The method of diagnosing a living organism as defined in claim 3 further comprising the
step of determining from said temporal sequences of said thermal radiation with different
working intensity distributions for said tissue's physiological dynamics' for tissues temperature
distributions at various depths within said region of the living organism under investigation.

6. The method of diagnosing a living organism as defined in claim 3 wherein said information
obtained from one of said physical parameters is in the form of a doppler shift of frequency of
ultrasound or electromagnetic vibes, passing through the living tissue characterizing blood flow

in said region under investigation.

7. The method of diagnosing a living organism as defined in claim 3 wherein said information
obtained from one of said physical parameters is in the form of the living organism'’s skin

surface temperature in said region under investigation.

8. The method of diagnosing a living organism as defined in claim 7 wherein said information
of the living organism's skin temperature is derived from a spatial-temporal distribution of the

skin's infrared thermal radiation.

9. The method of diagnosing a living organism as defined in claim 3 wherein said information
obtained from one of said physical parameters is in the form of the living organism's magnetic

field in said region under investigation.

10. The method of diagnosing a living organism as defined in claim 3 wherein said information
obtained from one of said physical parameters is in the form of the living organism's skin

surface electric potential in said region under investigation.
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11. The method of diagnosing a living organism as defined in claim 3 wherein said information
obtained from one of said physical parameters is in the form of the living organism's electric

impedance in said region under investigation.

12. The method of diagnosing a living organism as defined in claim 3 wherein said information
obtained from one of said physical parameters is in the form of the living organism's
backscatterred near infrared optical radiation near the surface in said region under investigation.

13. The method of diagnosing a living organism as defined in claim 3 wherein said information
obtained from one of said physical parameters is in the form of the living organism's acoustic

thermal radiation, thereby providing information on deep tissue temperature.

14. The method of diagnosing a living organism as defined in claim 3 wherein said information
obtained from one of said physical parameters is in the form of acoustical impedance of said

living tissue.

15. The method of diagnosing a living organism as defined in claim 3 wherein said information
obtained from one of said physical parameters is in the form of at least one parameter of said

tissue's biomechanics.

16. The method of diagnosing a living organism as defined in claim 1 further comprising the
step of selecting different sets of said recorded parameters depending upon which organ of the

living organism is to be diagnosed.
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