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RESEARCH OBJECTIVE

Reconstruction of the locations and time courses
of the complex system components from the
magnetic field of this system.

Function of the system Is considered as a
production of magnetic field.

Functional structure — spatial distribution of
electrical or magnetic components.



INSTRUMENTS AND METHODS
The experimental data were obtained on three devices:

* Head shaped gradiometer of the first order, 275 channels,
VSM Medtech, installed in the New York University Center
for Biomagnetism, New York, USA

* Planar gradiometer of the second order, 36 (9x4) channels,
Cryoton Co. LTD, installed in the Kotel'nikov Institute of Radio-
engineering and Electronics, Moscow, Russia

 Planar gradiometer of the second order, 7 channels, Cryoton
Co. LTD, installed in the National Research Center “Kurchatov
Institute”, Moscow, Russia

* Methods of data analysis were developed in the Institute of
Mathematical Problems of Biology RAS, Pushchino, Russia



Magnetoencephalograph: cryogenic sensors at liquid He
temperatures in magnetically shielded room
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Magnetic
Encephalography

general layout
of the experiment

Gradiometer sensors around
the head of the subject.
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The multichannel Fourier transform calculates a set of
spectra for experimentally measured functions B (t)
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MULTICHANNEL FOURIER SPECTRUM OF THE MAGNETIC ENCEPHALOGRAM
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Inverse Fourier transform for each frequency
Bui(t) = puk sin(2r vyt + @uk),

telo, Ty, |, k=1,...,K
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Coherent oscillation provides separation of time and space
Buk(t) = puk sSm(2m vyt + @)

Field pattern 0Oy oscillates as a whole at frequency v,



Reconstructed
fleld pattern
at frequency 9.87 Hz




Massive inverse
problem solution

by exhaustive search .

In the volume
25x25x25 cm?
with the step 3 mm
over 2 millions

of trial patterns
are calculated
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Head and neck functional tomogram, frequency band 0-100 Hz,

shown over the subject’s MRI
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Functional structure
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Functional structure of the hand




3D Imaging of magnetic particles using the
/-channel magnetoencephalography device
without pre-magnetization or displacement
of the sample
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The spectra of the noise generated by the vial with the ferrofluid, situated under

channel 1 (blue) and channel 6 (red) of the MEG device.
Black — the spectrum of the noise without vial, less than 1% of maximal power.



3D-view of the source of magnetic noise and its tomographic sections. Also shown is the
measuring device (the planar set of seven sensors) and an enlarged section through the
object. The brightness of each voxel corresponds to the total power, located at this voxel.




a - Spectra of the q
ferrofluid in Petri .. |
cup, attached to
the hand (blue) and
of the hand without
ferrofluid (black);

2 2.5
Frequency, Hz

b - Spectrum of the
magnetic
cardiogram,
registered by the
same device;

c - Localization of the magnetic sources from spectral components.
Spatial distribution of the spectral power of the magnetic noise sources, calculated from
the spectra, is combined with hand picture. Also channels positions are shown.



The method of frequency-pattern
analysis of the multichannel magnetic
data makes It possible to reconstruct

the functional structure of the various
complex systems.



Applications

*Research and diagnostics of the central and
periferal nervous system, including receptors.

*Research and diagnostics of the muscles.
*Localization of the magnetic nanoparticles.
*Other problems.
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