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Abstract. Since bioelectrical signals typically have amplitudes below pA and lower than mV,
their measurement is significantly susceptible to environmental electromagnetic interference
(EMI). In this study, we measured and analyzed the levels of electromagnetic interference in
biolaboratory rooms — the birthplace and preliminary test center for any bioelectronic device.
We have shown that in an ordinary biolaboratory, which is equipped with typical modern in-
struments, like digital microscopes, EMI in the sub-250 kHz range can include both periodic
and wide-band signals, which can influence the working of impedance sensors and neuro-
prosthetic implants. The results of our study can be used for the development and testing of
noise-suppression systems for bioelectronics applications.

Keywords: electromagnetic interference, noise, impedance devices, spectra analysis, neuro-
prosthetic care, multielectrode arrays

Funding: The study was supported by the Ministry of Education and Science of the Russian
Federation (Project FSRM-2024-0001).

Citation: Boitsova N.A., Abelit A.A., Verlov N.A., Stupin D.D., Noises in bioelectronic
devices: a case study of electromagnetic interference in biolaboratory facilities, St. Petersburg
State Polytechnical University Journal. Physics and Mathematics. 18 (3.1) (2025) 156—160.
DOI: https://doi.org/10.18721/JPM.183.130

This is an open access article under the CC BY-NC 4.0 license (https://creativecommons.
org/licenses/by-nc/4.0/)

MaTtepwuarnbl KOHdepeHUnn
YOK 534.852.6
DOI: https://doi.org/10.18721/IJPM.183.130

Lymbl B 6M03/1eKTPOHHbIX NpUOGOpax: Uccsefo0BaHUe
3/1eKTPOMArHUTHbIX MOMeX B 6M0/1a60paTOpPHbIX NOMeLLeHUAX

H.A. bonuoga' &, A.A. A6éenut!', H.A. Bepnos?, A.4. Ctynun'

! AkageMuueckuin yHusepeuteT uM. XK.U. Ancdéposa PAH, CaHkT-MeTepbypr, Poccus;
2MNeTepbyprckuin UHCTUTYT aaepHoi dusnkn uM. b.M. KoHcTaHTMHOBa HUL
«KypyaToBCKMI MHCTUTYT», CaHkT-MeTepbypr, Poccust
B hoitsova_na@spbau.ru

Annotanusa. [TocKONMbKY OMO3JIEKTPUUYECKUE CHUTHAJIBI KaK IIPAaBUJIO XapaKTEePU3YIOTCS
HU3KUMH 3HAYCHUSIMU CBOMX aMIITATYH (<MKA 1 <MB), Ha X n3MepeHNe 3HAUNTEILHO BIUSIOT
BJICKTPOMArHUTHBIC TTIOMEXM OKpyxKamlieil cpeabl (DMII). B HacTosieM mccienoBaHUM MBI
M3MEPWIN U ITPOaHATU3UPOBAIM YPOBHHU 3JIEKTPOMATHUTHBIX ITOMEX, KOTOPbIE MOTYT BO3HUKATh
B O0M01a00paTOPHBIX MOMEIICHUSIX — B MECTe CO3JaHMUs U MEPBOM MCHBLITATEIbHOM LIEHTPE
JII000ro OGUOBJIEKTPOHHOTO yCTpoiicTBa. Mbl TokKa3ajaud, YTO B OObIYHOI OuojabopaTopuiu,
KOTOpas OCHalllcHa TUIIMYHBIMA COBPEMEHHBIMM TIpUOOpaMU, TaKMMHU Kak LU(pOBBIC
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MuKpockonbl, DMIIT B nuamazone go 250 xI'1y MoryT BKJIIOYaTh KakK IepUOIMYECKUE, TaK
U IIMPOKOIIOJOCHBIE COCTABJISIONINE, KOTOPbIe CIIOCOOHBI BIMSITH Ha PabOTy MMIIeJaHCHBIX
LIUTOCEHCOPOB W HEWpPO-MMIUIAHTaTOB. Pe3yabTaThl Halllero HCCAEAOBaHUSI MOTYT OBbITh
HCITOJIb30BaHbI 7151 pa3pabO0TKU U TECTUPOBAHUS CUCTEM MOAABACHUS 1IyMa B 0M0371€KTPOHHBIX
npudopax.
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Introduction

Bioelectronic technologies are rapidly entering our lives today [1-3]. Moreover, the devices
most commonly used in this field, such as impedance living cell-based biosensors and living
neurons/computer interfaces, show great potential for solving important medical problems,
such as lost vision restoration and artificial organ development. At the same time, since any
cell-based bioelectronic system requires the usage of low voltage and current levels to prevent
cell destruction, one of the central challenges in this field is device protection from external
electromagnetic interference (EMI) [4-6]. In addition, in-lab testing of bioelectronic devices also
requires the use of EMI mitigation methods.

For the development and application of both in-door and out-door EMI-canceling techniques,
it is very useful to have real-life noise profiles, which can be used as an example for modeling
and testing of the EMI-combat approaches. For this purpose, we have developed the noise
measurement unit and MatLab/GNU Octave data processing scripts for capturing the examples
of the EMI signals, which can be found in the ordinary biolaboratory, where bioelectronic
devices are tested. The obtained data indicates that in such facilities the EMI signal contains not
only 50-Hz powerline interference, but also periodic and wideband parts from other electronic
devices, in particular from modern digital microscopes. The results of our study can be used
as a methodology for EMI analyzing as well as examples of real noise data samples for noise-
suppression digital algorithms approbation. Samples can be found on our GitHub page https://
github.com/BioElectronicsLab/Noise-samples or available upon request.

Materials and Methods

EMI signals were measured using the setup, the main scheme of which is presented in
Fig.1. It consists of a transimpedance amplifier (TIA) [8], which is commonly used for current
measurements in electrophysiological studies [1]. As an operational amplifier, AD8606 (Analog
Devices, USA) was used. As input for TIA the 10-cm antenna made of wire was used, which
imitates the living-cell interface cable. The TIA output signal was recorded using the L-Card E20-
10 ADC (L-Card, Russia). The sampling rate was 500 kHz and the data collection time for one
EMI sample was 500 ms (i.e. 2 Hz resolution is achieved). The resistance to TIA feedback was
1 MQ. The EMI spectra were obtained from the analog-to-digital converter time-domain input
signal using the fft routine in MatLab and presented in the amplitude spectral density format.

We have measured the EMI noise levels in the five rooms at Saint-Petersburg Academic
University: in the special room for cell diagnostics, which contains a lot of switched on devices,
including confocal microscope Zeiss Observer.Z1 (Zeiss, Germany); the room for microscopic
studies only, which is equipped with Leica DM 4000 B microscope (Leica, Germany); office
room, with no switched on devices, which is located near switchgear room; break-room, with
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Fig. 1. Experimental setup, used for measuring EMI signals

several switch on PCs; and hall. In addition, since microscopes are widely used in bioelectronics
to observe cells, we measured the EMI signals with the microscopes turned on and off to extract
the EMI generated by them. For better visual detection of periodic components, the FFT spectra
were averaged over 10 EMI samples (i.e. the level of random noise presented in one sample is
\/E times higher than that shown in the figures).

Results and Discussion

The results obtained are presented in Fig. 2. One can see from Fig. 2, a the EMI in the cell
diagnostic room contains a wide band spectrum with significant intensity, which increased with
frequency. This observation clearly indicates that the noise influence problem can be relevant
for bioelectronics devices even in the testing rooms (Table). Moreover, the wide band nature
of this noise sample makes the usage of static filtering noise-cancellation methods inapplicable
for EMI suppression if the wide band impedance sensors are tested. To overcome this problem,
the progressive tools, like artificial intelligence adaptive filtering approach [8], can be used.
Contrary to the cell diagnostic room, in the microscopy room we observed only two wide-band
noise parts (57—72.5 kHz and 120—135 kHz), and periodic signal at 78 kHz. The presented
78-kHz signal and its overtones are also presented in all other rooms except the cell diagnostic
room, where it possibly is lost in the other interferences. The break room also contains band
noises in the ranges of 4—10 kHz, 187—194 kHz, and 204—210 kHz. Surprisingly, the clear
50-Hz powerline EMI with odd overtones (Fig. 2, b) is observed only in the office room, which
is located near the switchgear room. The most noise-free room was a hall, where only 78 kHz
interference was observed.

From the panels Fig. 2, ¢ and Fig. 2, d one can see that microscopes introduce into the EMI
new signatures (78—82~kHz for Leica; 24 kHz, 73 kHz = 24x3 kHz, and 122 kHz = 24x5 kHz for
Zeiss); however, their impact is not so high with respect to environment EMI signals. Thus, since
the observed EMI spectra demonstrate the variety of noise types, which can be both wide and narrow
band, for protecting bioelectronic devices from EMI the common noise canceling techniques are
preferable, which may be classified as technological, electronic, and software methods. From a
technological point of view, the noise canceling can be achieved not by noise level decreasing, but
by increasing the amplitude of the useful signal, which can be done by decreasing the impedance
value (increasing current value) of the bioelectrodes via increasing their surface. The last one can be
done without affecting the size of bioelectrodes using porous surfaces [1]. The electronic methods
for noise canceling include the shielding, which can be utilized in the at-lab conditions; however
implementation of such method is complicated in the bioelectronic implantation technologies and
with portable biosensor design. The software methods are a more promising tool with respect to
shielding for EMI suppression, since these approaches only require the utilization of the computing
unit in the bioelectronic device components. For example, the already mentioned above adaptive
filtering approach allows to suppress environment noises in the impedance-based biosensors and
can be implemented in the real-time regime (see the package NELM for MatLab [9]).
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Fig. 2. Comparison of different EMI spectra. For clarity data presented in the amplitude spectral

density format. Background (without any microscopes on) noise in a set of rooms (a); office room

background noise from 1 Hz to 1 kHz that shows 50-Hz powerline and its harmonics (b); EMI signals

detected while microscopes Leica (c) and Zeiss (d) were switched on (red) and switched off (green).

As one can see, there are clear peaks (78—82 kHz for Leica, and 24 kHz, 73 kHz, and 122 kHz for
Zeiss) that correspond with the work of microscopes

Table

Modeled signal-to-noise ratios for multielectrode array (MEA)
60MEA200/30iR-Ti (MultiChannel Systems, Germany)

Cells diagnostic | Microscopy

Hall | Office | Breakroom
room room

Signal-to-noise
ratio (dB)

Notation: The signal-to-noise ratios are calculated in the practically used range 10 Hz — 40 kHz as
MEA current power to noise power relation in decibels. The power is calculated using rms MatLab
routine. The MEA current excitation was performed by sweep-shaped 15-mV excitation voltage in
the 240 kHz range. Both noise and MEA signals were preliminary filtered by 10th-order Butterworth
filter with cutting frequency 40 kHz. This is simulation of data processing for wideband MEA
experiments. Noises are assumed to be additive.

-3.5 14.2 15.0 8.0 16

Conclusion

In this study, we have shown that, in the common case, the influence of EMI on the bioelectronic
device functioning cannot be overlooked. Our data shows that even in biolaboratories, where
bioelectronic devices are fabricated and tested, the EMI spectra can contain both periodic and
wideband noises, which are results of the large number of electronic devices used in the modern
world. For fighting with EMI, it is desirable to use low-impedance cell/electronic interfaces
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like porous electrodes and short-length cables, as well as software noise suppression techniques.
In addition, during our work on this study, we have observed that it is very hard to identify
the EMI sources using only standalone EMI spectra because there is a significant lack of
information on characteristic EMI peaks for various devices. To our best knowledge, only in a
few handbooks [10, 11] about ten EMI sources signatures are presented, including electromotor,
cell phones, and marginal EMI from nuclear explosion. The creation of a more informative EMI
signature database will be very useful for the development of future EMI combat algorithms and
electronic devices design. We believe that the results of our study will help bio-electronic engineers
to create robust EMI biosensors and implants, which will solve actual healthcare problems.
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