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ABSTRACT 

An estimation method of respiration rhythm is introduced. To verify the relevance between respiration rhythm 

and local field potential signal, periodicity analysis and cross-correlation are adopted. The period of local field potential 

signal is figured out using power spectrum analysing, and the normalized cross-correlation between the estimated 

respiration local field potential data and the given data is 0.768, which shows a high relevance. Therefore, components 

which are corresponding to respiration of the raw local field potential signal must exist and can be extracted from the 

original LFP data. A method for extracting components corresponding to respiration rhythm from the raw data is 

developed here. In order to extract the respiration components of the local field potential signal, the power spectrum of 

the estimation of respiration component acquired before is analysed, and the frequency band where the spectrum 

concentrates is found. Then, the frequency band is adopted to filter the components of the local field potential signal in 

the frequency domain. Lastly, the filtered signal is transformed back to time domain, thus acquiring the extracted local 

field potential signal which is corresponding to respiration rhythm from the raw data. This method provides feasible 

approaches for analyses and designs of mechanisms involving interactions between nervous system and manmade 

devices.  
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INTRODUCTION  

Background/ Objectives and Goals 

Analysis of neuron information and its functioning mechanism to human behavior have been carried out 

for years. According to the perspective of neuro informatics, the whole nervous system can be regarded as a 

complex information network, by which incoming information is processed, coded, transformed into specific pulses 

and conducted through neuronal circuits. Nervous system senses external stimulus, which is the approach to realize 

cognitive activities, such as memorizing, communicating, learning, etc. Neurons are the basic structure of nervous 

system, which mainly form complex neuronal circuits and perform various non-linear dynamic activities. Thus the 

nervous system controls organs and physiological actions. Electrical signals generated by the whole neuron 

ensembles in brain appear as electroencephalogram (EEG), amongst which signals generated by ensembles of 

neurons in certain fields is known as the local field potential (LFP) signal. Information processing is accomplished 

by neuron ensembles and the detected LFP signals indicate the synchronization of certain neuron ensemble 

activities in certain fields of brain 

LFP signal is commonly believed to be relevant to the control of human behaviours, such as respiration. 
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Furthermore, analysis of LFP signal is a vital method to diagnose epilepsy, Alzheimer’s disease, etc. Not only does LFP 

signal reflect human mental state, but also contains characteristics of control signals of organ and physiological activities. 

Although we have known that thoughts and neuronal impulses are based on electrical signals, how those signals actually 

express complex commanding information remains to be known. If the electrical signals can be well analysed and 

understood, it will be probable to realize interactions between human figures and machines, even controlling animal 

behaviours with computers. For instance, Miguel Nicolelis and his group has developed an experiment which realized 

robot arm controlled by a monkey’s consciousness [1]. That experiment aims to help the disabled to control manmade 

limbs with their own consciousness 

Our main purpose is to extract particular components of LFP signals which are responsible to certain behaviours. 

More specifically, we aim to extract the respiration component of LFP signals. Due to the complexity of human brains, data 

from experiments on small animals, such as mice, rabbits, etc., are adopted to be analysed in primary proceedings of 

research. 

METHODS 

Estimation of the Respiration Rhythm 

The given respiration data acquired from Heck is monitored based on temperature changes corresponding to the 

warm air near the nostrils of the mouse, under sleeping condition. Voltage fluctuation on the thermistor represents the 

temperature change of the nasal air flow. The raw respiration data was digitized at 1kHz. Meanwhile, 5 series of LFP 

signals are detected at the same time, also digitized at 1kHz. In this section, we aim to estimate the rhythm of respiration 

data. 

However, the raw respiration data represents the temperature of the nasal air and only the peak values and the 

valley values are meaningful. What we mainly concern is the correlation between LFP signal and rhythm respiration, 

therefore, we need describe the respiration rhythm by segmentation of the breathing-in phase and breathing-out phase.  

Periodicity Analysis of LFP Signal 

The periodicity is carried out here. Firstly, LFP signal is transformed into frequency domain using fast Fourier 

transform (FFT). Then, the power spectrum of the LFP is acquired via Matlab. If the peak value of power spectrum exists 

and the spectrum curve concentrates in a certain frequency band, it can be determined that the LFP signal is periodic. 

Additionally, if the LFP signal is periodic, the peak value of the power spectrum will appear on the same frequency of the 

peak value of the results of FFT transform. Furthermore, the frequency of the peak power value is the periodic frequency of 

the LFP signal in time domain [2].  

Extraction of Respiration Component of LFP Signal 

In order to extract the respiration component of LFP signal from the given LFP signal, the given LFP signal is 

filtered by the frequency band in which the power spectrum of the estimation of respiration component LFP concentrates. 

The power spectrum concentrate in the frequency band of (1.03, 1.42)Hz. Then, the given LFP signal is transformed to 

frequency domain and filtered by the frequency band above, which means only the component in that band is reserved. 

Lastly, the filtered results in frequency domain are transformed back to time domain, thus acquiring the extracted LFP 

signal, which can be expressed in Equation 1: 
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                                                                                                                          (1) 

Where lfp represents the summed average signal of the 5 series of  LFP signals detected from the 5 electrodes, fft 

represents fast Fourier transform, ifft represents the inverse fast Fourier transform, and power band means the frequency 

band where the power spectrum of LFP signal concentrates. 

RESULTS 

Respiration Rhythm 

The increasing trend in the raw respiration data represents the phase of breathing out, while the decreasing trend 

represents the phase of breathing in. More specifically, because the peak values happen in the end of breathing out while 

valley values happen in the end of breathing in, we believe the peak values and valley values happen when the breathing 

phase changes, according to which we can describe the rhythm of respiration as demonstrated belows. The curve of the 

estimation of the respiration rhythm is shown in figure 1. 

 

Figure 1: Respiration Rhythm 

In the breathing out phase, the LFP stays on +1 normalized potential, and the LFP stays on -1 normalized 

potential. We name this estimation method the respiration switch.  

Sum Averaged LFP Signal 

LFP signals detected from 5 channels are summed and averaged in order to eliminate error generated by 

electrodes during the detection procedure. Additionally, the sum averaged data is filtered by a medium filter so as to 

acquire a smooth data. The sum averaged data is shown in figure 2. 

 

Figure 2: LFP Signals From 5 Channels and the Averaged Data of the Above Signals 
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Periodicity of LFP Signal 

As indicated in figure 3, the power spectrum of LFP signal in frequency domain has a peak value at 0.283Hz, 

therefore the LFP signal is periodic with a period of 3.53s. 

 

Figure 3: Power Spectrum of the Summed Average LFP Signal 

Respiration Component of LFP Signal 

The power spectrum concentrate in the frequency band of (1.03, 1.42)Hz. The filtered results in frequency domain 

are transformed back to time domain, thus acquiring the extracted LFP signal, as seen in figure 4. 

 

Figure 4: Extracted Respiration Component of LFP Signal 

CONCLUSIONS 

In the previous work of this paper, the correlation between respiration rhythm and LFP signal, as well as the 

periodicity of the LFP signal, is verified. Power spectrum analysis is adopted here so as to acquire the component 

corresponding to respiration from the sum averaged LFP signal. The extraction results show a good cross-correlation with 

the given LFP data. Therefore, this method can be adopted to extract LFP components which are relevant with particular 

human behaviour, thus guiding designs of mechanisms involving interactions between human body and manmade devices. 
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