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Abstract  
Biomedical signals such as electroencephalogram (EEG) are the time varying signal, and different 
position of electrodes give different time varying signals. There might be a correlation between these 
signals. It is likely that the correlation is related to the actual position of electrodes. In this paper, we 
show that correlation is related to the physical distance between electrodes as measured. This finding is 
independent of participants and brain hemisphere. Our results indicate that the EEG signal is not 
transmitted via neurons but through white matter in a brain.  
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1 Introduction 
Electroencephalogram (EEG) signals provide a measure of brain nerve cell electro-physiological 

activity that is accessible on the surface of the scalp (EEG indices of G-induced loss of consciousness 
(G-LOC), 1988), thus provide information about different types of brain activity. The electrical activity 
in the brain is recorded via measurement electrodes attached to the surface of the scalp. The EEG signals 
detected will vary, depending on the location of the electrodes on the scalp. Identifying changes in EEG 
signals has improved our understanding of the relationship of these signals to people’s moods, and 
behavior (Han, 2012). 

Research (Niedermeyer, 2005) suggests that various characteristics of EEG signals are 
representative of distinct states of brain activity. These distinct states can be quantified using linear or 
non-linear measures. Previous research has demonstrated a correlation between EEG signals (or brain 
activity) from different part of the brain (Na, 2002), (Bob, 2010), (Jeong, 2015). A high correlation 
between the signals from different electrodes indicates similar brain activity, and a low correlation 
indicates that the brain activity at the different measurement sites is relatively independent.  

Researchers (Na, 2002), (Li, 2013) have demonstrated that brain activities within the same (local) 
region might be similar, but that they might be different among non-identical regions (globally). One 
question that we address here is whether the activities of the two brain hemispheres are similar.  

White matter, which modulates the distribution of action potentials, is brain tissue that is composed 
of bundles of axons. It acts to coordinate communication between different brain regions (Fields, 2008). 
One issue we address here is how electrical activity can be communicated across the surface of the brain. 
We believe that white matter makes a significant contribution to this communication. Our research 
focuses on evaluating the correlation of EEG signals between different brain regions. The aim of this 
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study is to determine the relationship between EEG signals and electrode location on the scalp, and to 
check whether this relationship differs in the two brain hemispheres. 

2 Related Work 
A series of data points in time order, or time series, provides the view of a signal as it evolves over 

time, i.e. in the Time domain (TD). TD analysis is used to analyse the signal in its actual state, which is 
the earliest and direct way of analysing EEG signals - it is utilised to analyse changes in EEG signals, 
such as power (or amplitude) over time. In addition, the frequencies present in the signal are open to 
investigation (for example, by using the Fast Fourier Transform (FFT)). Such an analysis is said to take 
place in the Frequency domain (FD). FD analysis is used to identify frequencies present in the signals. 
Furthermore, it can be utilized to establish the relationship between EEG frequency and its 
corresponding power (amplitude), and so the energy distributions in EEG signals. 

In recent research, the correlation between EEG signals has been analysed in FD using various 
methods, such as Mutual information, Coherence analysis, Wavelet coherence, Correlation coefficient, 
Auto-correlation and Cross-correlation. Mutual information has been utilized to examine information 
transmission between different cortical areas in both patients with schizophrenia and Alzheimer’s 
disease (Na, 2002). This research found lower mutual information between EEG signals of patients with 
these conditions when compared to normal controls. Coherence analysis has been applied to study brain 
interactions between EEG signals (Nolte, 2004), indicating significant correlation in EEG Beta (β) 
frequency range between the left and right motor areas of the human brain. Wavelet coherence has been 
applied to distinguish the EEG signals of normal controls and patients with conditions, such as 
Parkinson’s related dementia and Alzheimer’s disease (Jeong, 2015).  Correlation coefficient has been 
utilized to discover changes in EEG signals and autonomic nervous activity, and the association of these 
with personality traits (Takahashi, 2005), with an increase in EEG theta (θ) power and EEG alpha (α) 
power predominantly in the frontal area. Cross-correlation has been utilized to study the degree of 
association between activities in symmetrical (left and right) parts of the brain (Li, 2013), and results 
indicated that there is a stronger correlation in the delta (δ) frequency range on the right side of a brain 
than the left. To our knowledge, limited research has been conducted to analyse EEG signals in the TD. 
Therefore it is important to perform a comparative analysis and an interpretation of EEG signals in the 
TD, not just the FD. 

Cross-correlation can be performed to analyse the time delay between two related processes. In the 
present context, it offers a valuable and sensitive method for investigating EEG signals that are recorded 
at the same time from different electrodes that is independent of their amplitudes. To analyse EEG 
signals in the time domain, Cross-correlation stands out as the most appropriate correlation method, 
because of its ability to assess signal similarity at all possible time delays. Cross-correlation has been 
successfully applied in analysing EEG signals in the FD (Li, 2013) , as well as TD (Bob, 2010). This 
method can be used to determine the relationship between activity in global and local areas, and also 
among the different local areas of the human brain.  

It has been found that the numbers of electrodes and combinations of electrode pairs used to analyse 
EEG signals is different. Usually, the combination of electrode pairs depends on the total number of 
electrodes. For example, if there are 19 electrodes then the number of unique potential electrode pair is 
171. According to recent research on EEG signal analysis, electrodes from the central part of the brain 
deserve the best consideration, possibly because minimum noise is found in the recorded signals (Klein, 
2006). This was one of the reasons we explored papers in which EEG signals were analysed using 
limited numbers of electrodes and combinations of electrode pairs. For example, Na et al. (Na, 2002), 
examined 16 electrodes with 38 pairs of electrodes within the right hemisphere and within the left 
hemisphere. Their results showed less complex EEG activity in the left temporal regions.  Bob et al. 
(Bob, 2010), inspected 8 electrodes and 16 electrodes pairs to examine the relation between EEG activity 
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