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DESIGN OF AN ELECTRICAL CIRCUIT FOR LOCAL FIELD
POTENTIAL CONDITIONING

The latest achievements in the fields of machine learning and artificial neural
networks have made the recording of Local Filed Potentials (LFP) a more valuable method
for the study of the brain activity. Along with the improvement of analysis of the gained
data, the modern approaches in signal amplification schemes brought progress in this
method. We have designed and created an electrical circuit on the basis of the NI ELVIS II
platform, for recording of LFP. The design and results of testing the created circuit are
presented in the current paper.
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Introduction. The recording of electrical activity of the brain is an
irreplaceable method for studying the behavior of neural populations and
mathematical or physical patterns underlying this behavior. Among various
techniques, the extracellular recording is widely used for investigation of network
activity. LFP is a compound signal, which is the result of various electrical currents
generated in the extracellular space. Mainly LFP points out the synchronized
synaptic activity of a large group of neurons [1]. The advantage of LFP recording
is the high spatial resolution and relative uniform conductivity of the selected area.
An additional reason for interest in LFPs is that they provide a stable signal for a
longer period than multiunit spiking activity, and therefore, are useful for long-
term chronic experiments and for clinical applications such as Brain Machine
Interfaces (BMI) [2]. However, as LFP captures a multitude of neural processes,
the extraction of essential features is among the main problems of Computational
Neuroscience. The LFP can be recorded by placing electrodes in a brain tissue. The
impendence of the electrodes and considerably the quality of the recording depends
on the material, geometry and referencing of electrodes [3].

The electrical activity of a brain can be a signature of cognitive impairment
[4], persistent pain [5] physiomarker of the symptomatic state in Parkinson's
disease [6], etc.

Methodology. We have used the NI ELVIS II platform as a base for our
system. NI ELVIS II is a data acquisition system, which has 8 differential analog
inputs with 16 bits resolution and 1 MS/s speed for signal recording [7]. It also has
2 analog outputs with 12 bits resolution and 2 MS/s update rate for signal generation.
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The electrical scheme of the designed circuit for LFP conditioning is shown
in Fig.1.

Input stage amplifier Broad-band amplifier Gain controller Final band-pass amplifier
Voe Voo Vee
Input
coaxial H o H =
e e ’1 co
] +6D . ’ N D i
+IN +IN 1074 ow ireq
: ail e 3 '™\ k1 A ﬁ band
N # 107 4 SWi-1
-IN i = P i R10 RI2
: rd R4
el = R9 R11
P K " i 13 c14 cl6
T Vs 5 5 T Tos
T « H I 1 gig
F cn__TC T

Vss
Fig. 1. The electrical scheme of the LFP conditioning circuit

This electrical circuit includes steps of 1) preamplification 2) amplification
3) gain control and 4) filtering. We have chosen the parameters of the scheme so
that it amplifies the signals with frequencies between 10 to 1000 Hz about 1000
times.

Measurements and Results. To evaluate the gain-frequency characteristics
of our circuit, we have conducted Bode analysis with an input signal with 0.7 mV
amplitude and a frequency that varies from 1 Hz to 200 kHz. The results of these
measurements are presented in Fig. 2.

In Fig. 2, on the vertical axis, the amplification factor (in dB) and on the
horizontal axis, the frequency of the input signal (in Hz) are shown.
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Fig. 2. Gain-frequency characteristics of the LFP conditioning circuit
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Fig. 3. The parameters of the generated EEG signal in NI Biomedical Workbench software

To test the signal conditioning capabilities of our circuit, we have generated
EEG signals (electroencephalography) on the analog output channel of the NI
ELVIS II. To form the EEG signal, we have used the NI Biomedical Workbench
software. The parameters of the generated EEG signal are shown in Fig.3.

As it is can be seen from Fig.3, the generated EEG signal has 1.5 mV
amplitude and 3 components: “Alpha” — 9,9 Hz, “Beta” — 20,7 Hz, “Delta” — 0+2
Hz. We have put this signal as an input signal of our signal conditioning circuit.

The results of simultaneous recording of the input and output signals of the
LFP signal conditioning circuit are presented in Fig.4.
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Fig. 4. The input (bottom one) and output (upper one) signals of the LFP signal
conditioning circuit

In Fig.5, we have brought the Fast Fourier Transform (FFT) spectrums of
our input and output signals.
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Fig. 5. The FFT spectrums of input (bottom one) and output (upper one) signals
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The bottom curve in Fig.5 shows the 3 components of the generated EEG
signal: “Alpha” — 9,9 Hz, “Beta” — 20,7 Hz, “Delta” — 0+2 Hz. The upper curve in
Fig.5, which is the FFT spectrum of the output signal, contains only 2 components:
“Alpha” — 9,9 Hz, “Beta” — 20,7 Hz. The third low-frequency component is
eliminated because of the design of the signal conditioning circuit. Our circuit
amplifies the signals in the frequency range from 10 Hz to 1000 Hz (Fig.2).

Conclusion. We have designed and created an electrical circuit for LFP
signal conditioning on the basis of the NI ELVIS II platform. The created circuit
amplifies signals in the frequency range from 10 Hz to 1000 Hz by the factor of
1000. These parameters make the circuit a suitable tool for LFP signal
conditioning. In our further studies, we are going to use this circuit for registration
of LFP signals from the brains of mice.
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PA3ZPABOTKA DJIEKTPHUYECKOI CXEMBI JJ151 PETUCTPAILIUUA
IOTEHIIMAJIOB JIOKAJIBHBIX ITOJIEH

[MocnenHne NOCTIKEHHWS B MAIIMHHOM OOYYEHHH M HCKYCCTBEHHBIX HEHPOHHBIX
CETSIX CIIEJIaM PETUCTPAIMIO MOTEHIMANO0B JoKainbHEIX nojer (I1JIIT) Gonee neHHBIM Me-
TOJIOM JUISl U3y4YEHUs] MO3TOBOM akTUBHOCTH. COBpeMEHHbIE MOAXObI K 00paboTKe peru-
CTPUPOBAHHLIX JAHHBIX U IMPOCKTUPOBAHUIO CXEM JId YCUJICHUS CHUT'HAJIOB CHOCO6CTByIOT
pasButHiO AaHHOro Merona. Ha 6a3e miatdopmer NI ELVIS II cnpoektupoBaHa u co3nana
anekTpuueckas cxema i perucrpauuu IJIIL IIpencraBiaeHsl KOHCTPYKLIHS U PE3YJIbTATh
TECTHPOBAHUS CO3TAHHON CXEMBI.

Knroueevie cnosa: norennmansl nokanpHbix mosedt (ILJIII), cxema peructpanuu
TUII, mnatdopma NI ELVIS 11, rectupoBanue cxemsl peructparuu [1JITT.
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