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The brain as the main unit of nervous system 

controls all organs of human body. Human 
receives different internal and external stimuli 

that most of them are controlled by the brain. 

Different organs of body are engaged in 

receiving of these stimuli. For instance, eyes 
receive visual stimuli and send the message to 

the brain for further processing. Our respiration 

system receives olfactory stimuli, which 
accordingly processes by the brain. In case the 

stimulus is bigger than the threshold stimulus, 

the brain will react and send the feedback 
message to the organ for the proper action. For 

instance, in case we sniff a bad smell, the brain 

considers it as unwanted stimulus and send 

message to our respiration system to refuse 
sniffing. In fact, the stimuli are crucial to the 

survival of organisms and often manifests as 

alterations in the structure and function of the 
nervous system [1]. 

The brain reaction to different types of stimuli 

can be analyzed using brain signal, which is 

called Electroencephalogram (EEG) signal. On 
the other hand, the response of several organs to 

different types of stimuli can be detected using 

their related signals. The reaction of eye during 
watching a visual stimulus can be measured 

using eye movement signal. The respiration 

activity due to smelling different olfactory 
stimuli can be measured using respiration signal. 

Electromyography (EMG) is an electro-

diagnostic medicine technique for evaluating 

and recording the electrical activity produced by 
skeletal muscles.  

Since the brain controls the human body through 

the nervous system, thus the brain response to 
different stimuli should be related to different 

organs’ feedback to those stimuli [2]. Now, the 

question, which arises here, is that how we can 

investigate the relation between brain feedback 

and organs’ feedback to stimuli? 

During many years, different methods have been 

developed to analyze different types of bio 

signals. Some of these methods showed their 

ability to analyze the brain signals (EEG), and 
some of the mare important to analyze other 

types of bio signals [3]. 

One useful approach to study the scaling 
properties of many biological time series is to 

apply methods derived from the concept of self-

similar (fractal) processes [4-6]. A fractal is a 
natural phenomenon or a mathematical set that 

exhibits a repeating pattern that displays at 

every scale [7]. The class of regular fractals 

includes many familiar simple objects, such as 
line intervals, solid squares, and solid cubes, and 

many irregular objects [8]. The scaling rules are 

characterized by “scaling exponents” 
(dimension). “Simple” regular fractals have 

integer scaling dimensions [9]. Complex self-

similar objects have non-integer dimension [10]. 

In fact, two main features, which are discussed 
in case of analysis of fractal time series, are 

fractal dimension and the Hurst exponent. 

Fractal theory has been used widely in analysis 
of EEG signals. For instance, in [11] we showed 

that complexity and entropy of the EEG signal 

is coupled with the molecular complexity and 
entropy of the odorant, where more structurally 

complex odorants have greater effect on the 

EEG signal. In another work [12], we found the 

correlation between the variations of the Hurst 
exponent for the EEG signal and the applied 

auditory stimuli to subjects. See also [13-14]. 

On the other hand, many works have been 
reported in literature, which analyze other types 

of bio signals using fractal theory. For instance, 
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in a recent work [15] we analyzed the influence 
of fractal structure of visual stimuli on fractal 

dynamics of fixational eye movements. We 

showed that fractal dynamics of eye movements 
is correlated with the fractal structure of visual 

stimuli presented to subjects.In another work 

[16], we investigated the effect of complexity of 

several olfactory stimuli (odorants) on fractal 
dynamics of human respiration signal. We found 

out that respiration signal gets less complex by 

choosing odorants with higher molecular 
complexity. In addition, the works on analyzing 

heart rate [17] and human stride time series [18] 

are noteworthy to mention.  

Based on the mentioned works, EEG signal and 

other type of bio-signal shows their feedback to 

external stimuli by variations of their fractal 

dimension. Now, the hypothesis that we bring 
here is that the fractal nature of these signal 

should be related. In fact, using this way we can 

easily investigate about the correlation between 
brain feedback and other organs’ feedback to 

external stimuli. For instance, we can analyze 

the simultaneous variations of fractal dimension 

for EEG signal and heart rate signal due to 
olfactory stimuli. Accordingly, we can discuss 

about the variation of complexity and memory 

within these types of signals, which leads us to 
link all organs’ reactions as a general map for 

human body. 
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