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Abstract: This paper is briefly reviewed on types, examples, objective of Biomedical signals , which are observations of physiological
activities of organisms, ranging from gene and protein sequences, to neural and cardiac rhythms, to tissue and organ images.
Biomedical signal processing aims at extracting significant information from biomedical signals. With the aid of biomedical signal
processing, biologists can discover new biology and physicians can monitor distinct illnesses.
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1.Introduction

The human body is a system which includes the nervous
system, the cardiovascular system, and the musculoskeletal
system, among others. The cardiac system performs the
important task of rhythmic pumping of blood throughout
the body to facilitate the delivery of nutrients, as well as
pumping blood through the pulmonary system for
oxygenation of the blood itself. Every system is consisting
of several subsystems that carry on many physiological
processes.  Physiological  processes are  complex
phenomena, including nervous or hormonal stimulation
and control; inputs and outputs that could be in the form of
physical material, neurotransmitters, or information; and
action that could be mechanical, electrical, or biochemical.
Most physiological processes are accompanied by or
manifest themselves as signals that reflect their nature and
activities. Such signals could be of many types, including
biochemical in the form of hormones and
neurotransmitters, electrical in the form of potential or
current, and physical in the form of pressure or
temperature [1-3].

Diseases or defects in a biological system cause alterations
in its normal physiological processes, leading to
pathological processes that affect the performance, health,
and general well-being of the system. A pathological
process is typically associated with signals that are
different in some respects from the corresponding normal
signals. If we possess a good understanding of a system of
interest, it becomes possible to observe the corresponding
signals and assess the state of the system.

In intensive-care monitoring, the ear drum temperature
may sometimes be measured using an infra-red sensor.
Occasionally, when catheters are being used for other
purposes, a temperature sensor may also be introduced into
an artery or the heart to measure the core temperature of
the body. It then becomes possible to obtain a continuous
measurement of temperature, although only a few samples
taken at intervals of a few minutes may be stored for
subsequent analysis [4, 5]. Let us now consider another
basic measurement in health care and monitoring: that of
blood pressure (BP). Each measurement consists of two
values - the systolic pressure and the diastolic pressure. BP
is measured in milli-meters of mercury (mm of Hg) in
clinical practice, although the international standard unit
for pressure is the Pascal [6-8].

2.Examples of Biomedical Signals

The preceding example of body temperature as a signal is
a rather simple example of a biomedical signal. Regardless
of its simplicity, we can appreciate its importance and
value in the assessment of the well-being of a child with a
fever or that of a critically ill patient in a hospital. The
origins and nature of a few other biomedical signals of
various types are described in the following subsections,
with brief indications of their usefulness in diagnosis.

2.1 The action potential

This is the electrical signal that accompanies the
mechanical contraction of a single cell when stimulated by
an electrical current. Which cause by the flow of sodium,
potassium, chloride and other ions across the cell
membrane. It is the basic component of all bioelectrical
signals. It provides information on the nature of
physiological activity at the single-cell level. Recording an
action potential requires the isolation of a single cell, and
microelectrodes with tips of the order of a few
micrometers to stimulate the cell and record the response

[9].
2.2 The Electroneurogram (ENG)

The ENG is an electrical signal observed as a stimulus and
the associated nerve action potential propagate over the
length of a nerve. It may be used to measure the velocity
of propagation (or conduction velocity) of a stimulus or
action potential in a nerve [lo]. ENGs may be recorded
using concentric needle electrodes or silver - silver-
chloride electrodes (Ag - AgCl) at the surface of the body
[10].

2.3 The Electromyogram (EMG)

Skeletal muscle fibers are considered to be twitch fibers
because they produce a mechanical twitch response for a
single stimulus and generate a propagated action potential.
Skeletal muscles are made up of collections of motor units,
each of which consists of an anterior horn cell (or
motoneuron or motor neuron), its axon, and all muscle
fibers innervated by that axon. A motor unit is the smallest
muscle unit that can be activated by volitional effort. The
constituent fibers of a motor unit are activated
synchronously. Component fibers of a motor unit extend
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lengthwise in loose bundles along the muscle. In cross-
section, the fibers of a given motor unit are interspersed
with the fibers of other motor units [11-12].

2.4 The electrocardiogram (ECG)

The ECG is the electrical manifestation of the contractile
activity of the heart, and can be recorded fairly easily with
surface electrodes on the limbs or chest. The ECG is
perhaps the most commonly known, recognized, and used
biomedical signal. The rhythm of the heart in terms of
beats per minute may be easily estimated by counting the
readily identifiable waves. More important is the fact that
the ECG wave shape is altered by cardiovascular diseases
and abnormalities such as myocardial ischemia and
infarction, ventricular hypertrophy, and conduction
problems [13].

2.5 The electroencephalogram (EEG)

The EEG (popularly known as brain waves) represents the
electrical activity of the brain. A few important aspects of
the organization of the brain are as follows: The main parts
of the brain are the cerebrum, the cerebellum, the brain
stem (including the midbrain, pons medulla, and the
reticular formation), and the thalamus (between the
midbrain and the hemispheres). The cerebrum is divided
into two hemispheres, separated by a longitudinal fissure
across which there is a large connective band of fibers
known as the corpus callosum. The outer surface of the
cerebral hemispheres, known as the cerebral cortex, is
composed of neurons (grey matter) in convoluted patterns,
and separated into regions by fissures (sulci). Beneath the
cortex lie nerve fibers that lead to other parts of the brain
and the body [14-16].

2.6 Event-related potentials (ERPs)

The term event-related potential is more general than and
preferred to the term evoked potential, and includes the
ENG or the EEG in response to light, sound, electrical, or
other external stimuli. Short-latency ERPs are
predominantly dependent upon the physical characteristics
of the stimulus, whereas longer-latency ERPs are
predominantly influenced by the conditions of presentation
of the stimuli.

2.7 The Electrogastrogram (EGG)

The electrical activity of the stomach consists of rhythmic
waves of depolarization and repolarization of its
constituent smooth muscle cells [17-19]. The activity
originates in the mid-corpus of the stomach, with intervals
of about 20 s in humans. The waves of activity are always
present and are not directly associated with contractions;
they are related to the spatial and temporal organization of
gastric contractions. External (cutaneous) electrodes can
record the signal known as the electrogastrogram (EGG).
Chen et al. [20] used the following procedures to record
cutaneous EGG signals.

2.8 The Phonocardiogram (PCG)

The heart sound signal is perhaps the most traditional
biomedical signal, as indicated by the fact that the
stethoscope is the primary instrument carried and used by
physicians. The PCG is a vibration or sound signal related
to the contractile activity of the cardio hemic system (the
heart and blood together) and represents a recording of the
heart sound signal. Recording of the PCG signal requires a
transducer to convert the vibration or sound signal into an
electronic signal: microphones, pressure transducers, or
accelerometers may be placed on the chest surface for this
purpose. The normal heart sounds provide an indication of
the general state of the heart in terms of rhythm and
contractility. Cardiovascular diseases and defects cause
changes or additional sounds and murmurs that could be
useful in their diagnosis [21-25].

2.9 The carotid pulse (CP)

The carotid pulse is a pressure signal recorded over the
carotid artery as it passes near the surface of the body at
the neck. It provides a pulse signal indicating the
variations in arterial blood pressure and volume with each
heart beat. Because of the proximity of the recording site
to the heart, the carotid pulse signal closely resembles the
morphology of the pressure signal at the root of the aorta;
however, it cannot be used to measure absolute pressure
[21].

2.10 Signals from catheter-tip sensors

For very specific and close monitoring of cardiac function,
sensors placed on catheter tips may be inserted into the
cardiac chambers. It then becomes possible to acquire
several signals such as left ventricular pressure, right atrial
pressure, aortic pressure, and intra cardiac sounds. While
these signals provide valuable and accurate information,
the procedures are invasive and are associated with certain
risks [22, 23].

2.11 The speech signal

Human beings are social creatures by nature, and have an
innate need to communicate. We are endowed with the
most sophisticated vocal system in nature. The speech
signal is an important signal, although it is more
commonly considered as a communication signal than a
biomedical signal. However, the speech signal can serve as
a diagnostic signal when speech and vocal-tract disorders
need to be investigated [25].

2.12 The Vibroarthrogram (VAG)

Considerable noise is often associated with degeneration
of knee-joint surfaces. The VAG is the vibration signal
recorded from a joint during movement (articulation) of
the joint. Normal joint surfaces are smooth and produce
little or no sound, whereas joints affected by osteoarthritis
and other degenerative diseases may have suffered
cartilage loss and produce grinding sounds. Detection of
knee-joint problems via the analysis of VAG signals could
help avoid unnecessary exploratory surgery, and also aid
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better selection of patients who would benefit from
surgery. The VAG signal, however, is not yet well
understood, and is a difficult signal to analyse due to its
complex non stationary characteristics [26-32].

2.13 Oto-acoustic emission signals

The oto-acoustic emission (OAE) signal represents the
acoustic energy emitted by the cochlea either
spontaneously or in response to an acoustic stimulus. The
discovery of the existence of this signal indicates that the
cochlea not only receives sound but also produces acoustic
energy. The OAE signal could provide objective
information on the micromechanical activity of the
preneural or sensory components of the cochlea that are
distal to the nerve-fiber endings. Analysis of the OAE
signal could lead to improved noninvasive investigative
techniques to study the auditory system. The signal may
also assist in screening of hearing function and in the
diagnosis of hearing impairment [33].

3.0ODbjectives of Biomedical Signal Analysis

The representation of biomedical signals in electronic form
facilitates computer processing and analysis of the data.

Physiological -
system (patient)

Signal data acquisition >

Figure 1.1 illustrates the typical steps and processes
involved in computer-aided diagnosis and therapy based
upon biomedical signal analysis.

The major objectives of biomedical instrumentation and
signal analysis [10-12] are:

¢ Information gathering - measurement of phenomena to
interpret a system.

¢ Diagnosis - detection of malfunction, pathology, or
abnormality.

e Monitoring - obtaining continuous or periodic
information about a system.

e Therapy and control - modification of the behaviour of
a system based upon the outcome of the activities listed
above to ensure a specific result.

o Evaluation - objective analysis to determine the ability
to meet functional requirements, obtains proof of
performance, perform quality control, or quantify the
effect of treatment.

Signal acquisition procedures may be categorized as being
invasive or non invasive, and active or passive.
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Figure 1.1: Computer-aided diagnosis and therapy based upon biomedical signal analysis

3.1 The human - instrument system:

The components of a human — instrument system [10-
12] are:

» The subject or patient: It is important always to bear in
mind that the main purpose of biomedical
instrumentation and signal analysis is to provide a
certain benefit to the subject or patient.

» Stimulus or procedure of activity Application of
stimuli to the subject in active procedures requires
instruments such as strobe light generators, sound
generators, and electrical pulse generator.

» Transducers: electrodes, sensors.

» Signal-conditioning equipment: amplifiers, filters.

» Display equipment: oscilloscopes, strip-chart or paper
recorders, computer monitors, printers.

» Recording, data processing, and transmission
equipment: analog instrumentation tape recorders,
analog-to-digital converters (ADCs), digital-to-analog
converters (DACSs), digital tapes, compact disks (CDs),
diskettes, computers, telemetry systems.

» Control devices: power supply stabilizers and isolation
equipment, patient intervention systems.

The science of measurement of physiological variables and
parameters is known as biometrics. Some of the aspects to
be considered in the design, specification, or use of
biomedical instruments [13-17] are:

» Isolation of the subject or patient - of paramount
importance so that the subject is not placed at the risk of
electrocution.
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» Range of operation - the minimum to maximum values
of the signal or parameter being measured.

» Sensitivity - the smallest signal variation measurable.
This determines the resolution of the system.

» Linearity - desired over at least a portion of the range of
operation. Any nonlinearity present may need to be
corrected for at later stages of signal processing.

» Hysteresis - a lag in measurement due to the direction of
variation of the entity being measured. Hysteresis may
add a bias to the measurement, and should be corrected

» Frequency response - represents the variation of
sensitivity with frequency.

» Stability - an unstable system could preclude
repeatability and consistency of measurements.

» Signal-to-noise ratio (SNR) - power-line interference,
grounding problems, thermal noise, and so on, could
compromise the quality of the signal being acquired. A
good understanding of the signal-degrading phenomena
present in the system is necessary in order to design
appropriate filtering and correction procedures.

» Accuracy - includes the effects of errors due to
component tolerance, movement, or mechanical errors;
drift due to changes in temperature, humidity, or
pressure; reading errors due to, for example, parallax;
and zeroing or calibration errors.

4 Difficulties Encountered in Biomedical
Signal Acquisition and Analysis

4.1 Accessibility of the variables to measurement:

Most of the systems and organs of interest, such as the
cardiovascular system and the brain, are located well
within the body (for good reasons!). While the ECG may
be recorded using limb electrodes, the signal so acquired is
but a projection of the true 3D cardiac electrical vector of
the heart onto the axis of the electrodes. Such a signal may
be sufficient for rhythm monitoring, but could be
inadequate for more specific analysis of the cardiac
system.

4.2 Variability of the signal source:

It is evident from the preceding sections that the various
systems that comprise the human body are dynamic
systems with several variables. Biomedical signals
represent the dynamic activity of physiological systems
and the states of their constituent variables. The nature of
the processes or the variables could be deterministic or
random (stochastic); a special case is that of periodicity or
quasi-periodicity.

4.3 Inter-relationships and interactions among
physiological systems:

The various systems that compose the human body are not
mutually independent; rather, they are inter-related and
interact in various ways. Some of the interactive
phenomena are compensation, feedback, cause-and-effect;
collateral effects, loading, and take-over of function of a
disabled system or part by another system or part.

4.4 Effect of the instrumentation or procedure on the
system:

The placement of transducers on and connecting a system
to instruments could affect the performance or alter the
behavior of the system, and cause spurious variations in
the parameters being investigated. The experimental
procedure or activity required to elicit the signal may lead
to certain effects that could alter signal characteristics.
This aspect may not always be obvious unless careful
attention is paid. may need some rest between procedures
or their repetitions.

4.5 Physiological artefacts and interference:

One of the pre-requisites for obtaining a good ECG signal
is for the subject to remain relaxed and still with no
movement. Coughing, tensing of muscles, and movement
of the limbs cause the corresponding EMG to appear as an
undesired artefact. In the absence of any movement by the
subject, the only muscular activity in the body would be
that of the heart. When chest leads are used, even normal
breathing could cause the associated EMG of the chest
muscles to interfere with the desired ECG.

4.6 Energy limitations:

Most biomedical signals are generated at microvolt or
millivolt levels at their sources. Recording such signals
requires very sensitive transducers and instrumentation
with low noise levels. The connectors and cables need to
be shielded as well, in order to obviate pickup of ambient
electromagnetic (EM) signals. Some applications may
require transducers with integrated amplifiers and signal
conditioners so that the signal leaving the subject at the
transducer level is much stronger than ambient sources of
potential interference.

4.7 Patient safety:

Protection of the subject or patient from electrical shock or
radiation hazards is an unquestionable requirement of
paramount importance. The relative levels of any other
risks involved should be assessed when a choice is
available between various procedures, and analyzed
against their relative benefits. Patient safety concerns may
preclude the use of a procedure that may yield better
signals or results than others, or require modifications to a
procedure that may lead to inferior signals. Further signal-
processing steps would then become essential in order to
improve signal quality or otherwise compensate for the
initial loss.
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