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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.  

Keywords: Local Filed Potentials (LFP), LFP recording circuit, NI ELVIS II 
platform, LFP circuit testing  

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. 

 

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.  

 

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. 

 

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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ՏԵՂԱՅԻՆ ԴԱՇՏԵՐԻ ՊՈՏԵՆՑԻԱԼԻ ԳՐԱՆՑՄԱՆ ԷԼԵԿՏՐԱԿԱՆ ՇՂԹԱՅԻ 
ՄՇԱԿՈՒՄԸ 

Մեքենայական ուսուցման և արհեստական նեյտրոնային ցանցերի հետազոտու-
թյունների վերջին ձեռքբերումներով տեղային դաշտերի պոտենցիալների (ՏԴՊ) գրան-
ցումը դարձել է ուղեղի ակտիվության ուսումնասիրման ավելի արժեքավոր մեթոդ։ Գրանց-
ված տվյալների մշակման, ինչպես նաև ազդանշանների ուժեղացման սխեմաների նա-
խագծման վերաբերյալ նոր մոտեցումները նպաստում են այս մեթոդի զարգացմանը։ NI 
ELVIS II հարթակի հիման վրա նախագծվել և ստեղծվել է էլեկտրական շղթա ՏԴՊ 
գրանցման համար։ Ներկայացվել են ստեղծված շղթայի կառուցվածքը և թեստավորման 
արդյունքները։  

Առանցքային բառեր. տեղային դաշտերի պոտենցիալ (ՏԴՊ), ՏԴՊ գրանցման 
շղթա, NI ELVIS II հարթակ, ՏԴՊ շղթայի թեստավորում: 
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РАЗРАБОТКА ЭЛЕКТРИЧЕСКОЙ СХЕМЫ ДЛЯ РЕГИСТРАЦИИ 
ПОТЕНЦИАЛОВ ЛОКАЛЬНЫХ ПОЛЕЙ  

Последние достижения в машинном обучении и искусственных нейронных 
сетях сделали регистрацию потенциалов локальных полей (ПЛП) более ценным ме-
тодом для изучения мозговой активности. Современные подходы к обработке реги-
стрированных данных и проектированию схем для усиления сигналов способствуют 
развитию данного метода. На базе платформы NI ELVIS II спроектирована и создана 
электрическая схема для регистрации ПЛП. Представлены конструкция и результаты 
тестирования созданной схемы.  

Ключевые слова: потенциалы локальных полей (ПЛП), схема регистрации 
ПЛП, платформа NI ELVIS II, тестирование схемы регистрации ПЛП. 

 

 
 


