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Abstract 

Human electrical energy is generated by chemical processes in 
nerve cells. Billions of nerve impulses travel throughout the 
human brain and nervous system. A nerve impulse is a wave of 
electrical activity that passes from one end of nerve cell to 
another. Brain - an organ of soft nervous tissue contained in 
the skull of vertebrates, functioning as the coordinating centre 
of sensation, intellectual and nervous activity. Human brain 
cells fire electrical impulses to communicate with one another. 
Ion channels located in the membranes, some with calcium and 
some with potassium, work in sync to deliver messages 
throughout the brain. Within a single neuron, information is 
conducted through electrical signaling. Synthetic fabrics and 
friction can charge a human body to about 3 Kv. Signals like 
ECG, EEG, EMG, EOG, not only examine a person’s health but 
also diagnoses illness of a person. In future, these signals can 
be helpful in finding various therapies for treatment of 
diseases that are still unknown. 

Key Words:-ECG, EEG, Potential, Repolarisation 

1. Introduction 

In principle this document should provide a complete image on 
the bioelectricity in the human body, how to measure it and 
which information it holds. Detailed information is omitted, 
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but curious students are always encouraged to follow the web 
links or to search for the keywords provided after each 
paragraph. All subjects will be discussed during three 
meetings. After these meetings there will be two more weeks to 
work on your own ECG application. The structure is as follows: 
first the basic principles will be discussed. This involves nerves 
cells and their operation. Secondly the human heart will be 
discussed. Finally measurement principles and safety issues 
will be discussed. If time permits the brain will be discussed in 
the third week as well. The last two weeks will be completely 
different. After the third week you will be asked to present 
your design ideas to the group after mailing it to the lector. 
Presentations can be held as a couple or individually. The rest 
of the students attaining to the assignment will be asked to 
provide feedback on your ideas. Think for example of 
questions like: will it work? Is your idea innovative? Which 
values do you extract from the ECG? Etc. If the assignment 
lector is satisfied with of the level of your proposal you can 
continue to build a prototype, your task for the last two weeks. 
At the end you have to write and hand in a short report and 
demonstrate the prototype. 

2. Electrical Biosignals 

2.1ELECTICAL ACTIVITY 

Electrical activity is the study of the electrical properties of 
biological cells, tissues and organs. It includes measurements 
of change in voltage or electric current on a far-ranging 
variety of scales from single ion channel proteins to entire 
organs like the heart. 
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2.2 NERVE IMPULSE-ELECTRICITY IN THE BODY 

 Human electrical energy is generated by chemical processes in 
nerve cells. Billions of nerve impulses travel throughout the 
human brain and nervous system. A nerve impulse is a wave of 
electrical activity that passes from one end of nerve cell to 
another. Each impulse is the same size that carries 
information about the intensity of the nerve signal. Neurons, 
basic unit of nervous system, are responsible for sending, 
receiving, and interpreting information from all parts of the 
body. 

 Our body is a complex and carefully-balanced superhighway of 
cells, tissues and fluids that direct an incomprehensible array 
of electrical impulses almost every second. This is only possible 
due to a homeostatic environment where electricity is well 
conducted to carry the signals to their intended destinations. 
They key to maintaining this conductive superhighway lies 
within the ELECTROLYTES. Electrolytes regulate our nerve 
and muscle function, our body’s hydration, blood pH, blood 
pressure and the rebuilding of damaged tissues. Various 
mechanisms exist in our body that keep the concentrations of 
different electrolytes under strict control. 
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2.3 ELECTRICAL ACTIVITY OF CELL 

One of the simplest physiological units is the cell. It has the 
power of maintaining itself alive given suitable surroundings. 
The endocrine pancreas consists of clusters of cells called 
islets of Langerhans. Most of the cells in an islet are insulin-
secreting β-cells. Electrical impulses or action potentials are 
generated in bursts when the bath or blood glucose level is in 
the stimulatory range. Insulin insufficiency is generally a 
result of β-cell damage by autoimmunity. Closing adenosine 
triphosphate (ATP)-sensitive K+ channels (KATP) in response 
to glucose increase is generally considered the initial event 
that depolarizes the β-cell membrane and activates the voltage-
dependent Ca2+ channels, which triggers the release of 
insulin. However, glucose is unable to extract insulin release if 
electrical activity and the accompnying Ca2+ influx are 
prevented. Thus beta-cell electrical activity is a key element in 
the series of steps culminating in glucose-induced insulin 
secretion. 

2.4 ELECTRICAL ACTIVITY OF ORGANS 

Brain - an organ of soft nervous tissue contained in the skull of 
vertebrates, functioning as the coordinating centre of 
sensation, intellectual and nervous activity. Human brain cells 
fire electrical impulses to communicate with one another. Ion 
channels located in the membranes, some with calcium and 
some with potassium, work in sync to deliver messages 
throughout the brain. Within a single neuron, information is 
conducted through electrical signaling. When a neuron is 
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stimulated, an electrical impulse, called an action potential, 
moves along the neuron axon. Action potential then enables 
signals to travel very rapidly along the neuron fiber. When 
large numbers of neurons show synchronized activity, the 
electric fields generated can be large enough to detect outside 
the skull, using Electroencephalography (EEG) or Magneto 
encephalography (MEG). 

 

Heart - a hollow muscular organ that pumps blood through the 
circulatory system by rhythmic contraction and dilation. The 
heart’s pumping action depends on the rhythmic, coordinated 
contraction of the ventricles and the proper functioning of the 
valves. Each mechanical heartbeat is triggered by an action 
potential which originates from a rhythmic, pacemaker cell 
within the heart. The impulse is then conducted rapidly 
throughout the organ in order to produce coordinated 
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contraction. The action potential of a cardiac muscle starts 
from more negative resting membrane potential (-90mv), it has 
rapid depolarization phase ( phase 0) due to opening of fast 
Na+ voltage gated channels , partial repolarization ( phase 1) 
due to opening of Cl- Channels and/or some K+ channels , 
(phase 2) the plateau phase which is due to opening of slow 
Ca+2 channels, (phase 3) the repolarization phase due to 
opening of K+ voltage gated channels, and (phase 4) is the 
coming back to the resting membrane potential . 

 

• QRS complex represents Ventricular depolarization 

Q wave = 1st negative deflection ; 

R wave = 1st positive deflection ; 

S wave = 1st negative deflection after the R wave 
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Importance in Clinical Medicine 

EEG is an electrophysiological monitoring method to record 
electrical activity of the brain over a period of time. It 
measures voltage fluctuations resulting from ionic current 
within the neurons of the brain. In clinical contexts, EEG 
refers to the recording of the brain's spontaneous electrical 
activity over a period of time. It has also been shown to be 
useful for locating tumors. With every good thing comes a bad. 
EEG causes low spatial resolution on the scalp, and unlike PET 
and MRS, it cannot identify specific locations in the brain at 
which various neurotransmitters, drugs, etc can be found. 

The electrocardiogram (ECG or EKG) is a noninvasive test that 
is used to reflect underlying heart conditions by measuring the 
electrical activity of the heart as line tracings on paper. A 
natural electrical system causes the heart muscle to contract. 
This pumps blood through the heart to the lungs and the rest 
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of the body. It is done to check the heart's electrical activity or 
find the cause of unexplained chest pain or pressure. 

 

Bioelectricity has many effects other than the hazards 
discussed here. Devices such as pacemakers and defibrillators 
have saved countless lives. The measurement of the electrical 
characteristics and electrical activity of the human body have 
proved essential in ECG, EEG and other techniques. The uses 
of electricity and electromagnetic effects in healthcare are 
immense and are only going to grow in the future. 

3. CLASSIFICATION OF BIO-SIGNALS 

According to existence of bio signals, they are classified as:  

Permanent bio signals  Induced bio signals Permanent bio 
signals are available inside the body and there do not require 
any artificial impact, trigger. Example: ECG signal. Induced 
bio signals require artificial triggering or excitation. They 
exist for short duration. Example: electric plethymography. 
According to dynamic nature of bio signal, they are classified 
as:  

 Static bio signal   
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 Dynamic bio signal 

 Static signal carry information in a static level. 
They do not change with time and are slow in nature. 
Example: body temperature 

 Dynamic signal undergo changes with time. 
Example: heart beat  

According to origin of bio signal, they are classified 
as:  

 Electric bio signal (eg. EEG, ECG, EMG)  mechanic 

bio signal (eg. mechanorespirogram)  thermal bio 

signal (eg. core body temperature)  magnetic bio 

signal (eg. MMG)  optic bio signal (eg. 

optoplethysmogram)  acoustic bio signal (eg. 

phonocardiogram)  chemical bio signal (eg. cortisol 
secretion) 

 4. SOURCES OF BIO-POTENTIAL 

4.1 ELECTROENCEPHALOGRAM (EEG)  

Electroencephalography is an imaging technique used 
commonly in medical field, to study brain functioning. In this 
multiple electrodes is placed over the scalp and the voltage 
fluctuation resulting due to current flow in neurons. When 
neurons in brain get active, a current results due to exchange 
of ions. These ions are of sodium (Na+), potassium (K+), 
calcium (Ca++), and chloride (Cl-). A difference in potential is 
experienced across the channel in cell membrane. Neurons 
keeps on maintain its resting potential and create action 
potential. Ions have the property to repel similar type and 
attract the opposite one. In similar fashion, when more ions 
are pushed out of the neurons a wave like structure generates 
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in the neurons these create voltage fluctuations. These wave 
when subjected to electrodes; its ions attract or repel the 
metal of electrodes. This pulling and pushing of ions to metal 
of the electrode create voltage differences that are recorded 
over to obtain an EEG signal. 

 

 

An EEG signal consists of four different wave structures:  

1. Gamma waves have frequency above 30 Hz and are not fit 
for medical purpose. 

 2. Beta waves have frequency between 14-30 Hz and are below 
30µV. these are resulted due to tension. They show attentive 
state and wakefulness. 

 3. Alpha waves have frequency between 8-14 Hz and are below 
50 µV. they show relaxed and mentally inactive state. 

4. Theta waves have frequency between 4-8 Hz  

5. Delta waves have frequency between 0.3- 4 Hz 

EEG signal are used to distinguish between non rapid eye 
movement stage and rapid eye movement stage. It is also 
helpful in diagnosing sleep disorders, head injuries, brain 
infection, brain death etc.  

ELECTROCADIOGRAPHY (ECG) 

 Electrocardiography is again one of the most useful 
techniques of medical field. In this electrodes are placed over 
the chest or thorax and heartbeat is continuously monitored. 
Heart is a four chambered organ having upper two atria and 
lower two as ventricles. The muscle cells of heart are 
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negatively charged during the resting state. The exchange of 
sodium and potassium ions across the cell membrane results in 
decrease of negative charge of cells to zero. This is called 
depolarization and it results in contraction of muscles. A 
continuous high ion concentration across the cell membrane 
results into a current that creates an external potential field. 
This field excites the neighboring cell and this neighbor to 
neighbor transfer creates a good amount of electric potential 
that propagate into the body surface exciting muscular tissues. 
At each heartbeat, these wave spreads over the atrium and 
then to ventricle through atrioventricular node. A rise and fall 
of voltage creates the electrocardiogram signal. 

 An electrocardiogram consists of following waves: 

1. P wave shows activation of the right atrium. Its duration is 
80ms 

 2. QRS complex shows rapid depolarization between right and 
left ventricles. Its duration is 80 – 100 ms.  

3. T wave shows repolarization of ventricles. Its duration is 160 
ms. 

 4. U wave shows repolarization of interventricular septum. 
ECG is used to diagnose blood clots, hypotension,  

Dizziness, high blood pressure congestive heart failure etc. 

4.3 ELECTROMYOGRAM (EMG)  

Electromyography is a technique used to record the electrical 
activities of skeletal muscles. Motor unit is the smallest unit 
that controls muscular contraction. Muscular membrane has 
resting potential maintained by ions inside and outside the 
membrane. Depolarization and repolarization are seen in 



INTERNATIONAL JOURNAL OF MULTIDISCIPLINARY EDUCATIONAL RESEARCH 

ISSN : 2277-7881; IMPACT FACTOR - 2.735; IC VALUE:5.16 
VOLUME 3, ISSUE 6(4), JUNE 2014  

 

  

www.ijmer.in                                                                                                             30 
 

motor neurons resulting in excitation and contraction of 
muscle fibers. In depolarization state, sodium ions get inside 
and potassium ions are pumped out of the muscle fiber 
membrane. In repolarization condition gets reversed i.e. 
sodium outside and potassium inside. This creates a potential 
difference along the length of muscle fiber. These potential 
differences are recorded to get electromyogram. EMG signal is 
algebraic sum of action potential of many muscle fibers as one 
motor unit. EMG signal can be used in medical field, 
ergonomics, rehabilitation, sports science.  

4.4 ELECTROOCULOGRAM (EOG) 

 Electrooculography is one of great medical technique in which 
electrodes are placed on forehead near the eyes to record eye 
movements. It records the resting potential between cornea 
and retina known as corneal retinal potential. Electrically 
active nerves in the eye produce potential difference. Cornea 
are said to be positive while retina is negative, as a whole eye 
acts as dipole. Eye movements can be recorded by placing 
electrodes either left or right of eye or above and below eye. 
When eye moves towards one of the electrode it is positive side 
of retina and to the other electrode it is negative side. Eye 
movement gives the positive and negative impulses due to 
presence of action potential which is about -0.06 to +0.06 volt. 
Four to five electrodes are used to record EOG signal. Two of 
them are placed on sides of eye to detect horizontal 
movementwhile other two are placed above and below to 
detect vertical movement. EOG is used in ophthalmological 
diagnosis. 

 4.5 MECHANOMYOGRAM (MMG) 
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 Mechanomyogramis a technique that uses mechanical signal 
to observe muscle activity. When a muscle is contracted, a peak 
is experienced in a MMG signal. As we know a muscle is 
combination of millions of muscle fibers. When these fibers are 
oscillated, vibration is experienced in muscles. In this 
technique, electrodes are placed over the skin surface. These 
vibrations create pressure wave showing muscle activity. An 
MMG signal can be recorded using an accelerometer or 
microphone, piezo electric contact sensors. MMG is used to 
find muscular pain, fatigue, diseases etc. 

 4.6 MAGNETOENCEPHALOGRAPHY (MEG) 

It is one of popular technique to record neuronal brain 
activity. Brain consists of millions of neurons that are 
responsible for transmission and reception of information 
from body. Neurons of brain undergo ions exchange chemically 
that creates a magnetic field across the cell membrane. Axon 
of the neuron has bidirectional current hence two dipoles of 
opposite polarity exist. This leads to cancellation of magnetic 
field. Post synapses of neurons have unidirectional current. 
Hence magnetic field persists here. Magnetic field of a single 
neuron cannot be measured so neurons of same spatial 
orientation are taken together and their combined magnetic 
field is measured using sensitive magnetometers. 
Superconducting quantum interference devices commonly 
known as SQUIDs are best suited to measure MEG signal. MEG 
provides high spatial and temporal resolution. MEG is used to 
study brain processes, parts of brain, neuro feedback etc. 

 4.7 GALVANIC SKIN RESPONSE  

Galvanic skin response is a method to study electrical 
properties of human skin. It is also called electro dermal 
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response. When a human body comes under the interaction of 
environment, some changes are seen in person’s psychological 
state. Due to this some changes are observed in electrical 
properties of its skin. As it is a known fact that human skin is a 
good conductor of electricity so ions exchange is experienced 
between external and internal environment of skin. This leads 
to flow of electric current in skin. Hence we can say that 
human skin possesses resistance or conductance. In GSR, a 
constant voltage is applied through electrodes on human skin. 
This leads to current flow that can be measured and then we 
can find resistance or conductance by simply dividing voltage 
applied by electrodes with current flowing in skin. Thus, skin 
observes two types of conductance, one is tonic and other is 
phasic. In tonic stage of conductance, there is absence of any 
external environment, hence a baseline conductance called 
skin conductance level is observed. In physic stage of 
conductance, changes in external environment like some 
stimuli leads to changes in skin conductance. These are called 
skin conductance response. GSR finds application in lie 
detection tests, hypnotherapy, psychotherapy, behavior 
therapy.  
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 4.8 ELECTRORETINOGRAM (ERG)  

Electroretinogram is another helpful technique to study 
electrical response of retina human eye. It helps in diagnosing 
status of retina in case of eye diseases. When a light stimulus is 
applied through LED or strobe lamp, an electrical activity 
takes place in neural and non- neural cells of retina. This 
produces a biphasic waveform comprising of three important 

waves known as  a-wave  b-wave  c-wave Due to sodium ion 
channel closure in outer membrane, there exists hyper 
polarization of photoreceptors. a- waves are reflected from 
rods and cones of outer photoreceptor layers of the retina. 
When a light stimulus is applied on the retina, rhodopsin gets 
triggered leading to activation of transduction. This further 
activates cyclic guano sine monophosphate phosphodiesterase 
(cGMP). CGMP helps sodium ions to move inside the 
membrane. a- waves are negative in nature and are measured 
from baseline to trough of a wave. b-waves are positive corneal 
deflection from inner retina. Due to hyper polarization of 
photoreceptors, there is decrease in number of sodium ions. 
This leads to depolarization of bipolar cells which further 
increases amount of potassium ions. This balancing of sodium 
and potassium ions across the cell membrane generates 
current. These are measured from trough of a-wave to the peak 
of b-wave. c-waves are result of pigments of retina i.e. 
epithelium and photoreceptors ERG is helpful in diagnosing 
retinitis pigmentosa, cone dystrophy, choroideremia.  

5.CONCLUSION 

Bio potential is gaining importance in research in both 
medical as well as electronics field. They are hot topic of 
research todaybecause they are concerned with human health 
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and wellbeing. Signals like ECG, EEG, EMG, EOG, not only 
examine a person’s health but also diagnoses illness of a 
person. In future, these signals can be helpful in finding 
various therapies for treatment of diseases that are still 
unknown. The statistics of accidents show that the percentage 
of accidents due to electric current is very low, where as those 
of deadly accident is much higher. The widespread use of 
electricity leads to many accidents that can be very serious 
and a sizeable percentage results in death. The study of the 
effects of electric current on the human body and that of the 
electrical impedance of the human organism are essential. A 
non-exhaustive part has been studied in the present work. 
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