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Summary
Physiological measurement involves using biosensors, transducers and associated
bioinstrumentation to investigate and record various signals from the human body. The
focus of this chapter is on the range of physical quantities (typically chemical,
mechanical or electrical) that can be sensed or transduced from living organisms and
how these physical quantities relate to physiological phenomena. A generalized medical
instrument for acquiring physiological measurements is examined with a discussion of
the various functional units of transduction, amplification, filtering, digitization and
computer processing, analysis, storage and display.
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The various object quantities that can be recorded (flow, volume, pressure, force,
motion, chemical and bioelectric events), their physiological correlates and the
collection of sensors, which can be used to transduce these signals are presented. Brief
descriptions are also offered on how recorded signals can be practically acquired from
various organ (principally the circulatory, respiratory, muscular and nervous) systems
and used to assist clinical diagnosis and disease management.
1. Introduction

Concomitant with the development of modern medicine has been the increasing
application of scientific methods and devices in the clinical setting. The central
component of the scientific method is measurement. It is therefore not surprising that
biological instrumentation and physiological monitoring is an international, multibillion dollar industry.
When one needs to understand or manage a system or process, one of the critical
requirements is to be able to measure or sample various aspects of the system. From an
engineering viewpoint, accurate measurement and acquisition of system observers is a
fundamental necessity in order to model, understand and ultimately control a system.
From a clinical viewpoint, the basis of a diagnosis is derived from observations and
measurements. Physiological measurement or clinical measurement is an integral
component of modern clinical medicine, bioscience discovery and medical research.
The acquisition or transduction of physiological signs or variables is an essential
component of the majority of diagnostic and therapeutic medical devices.
In this chapter, we explore the complexity of physiological measurement. Initially a
systems approach is taken to examine in a general way a computer-based, clinical
recording instrument. A ‘black box’ representation of the instrument is presented –
where we consider the instrument as a collection of functional units. This representation
is broken down or reduced to functional units including transduction, amplification,
filtering, digitization and computer analysis. Each unit is described in detail.
The majority of the chapter however focuses on the very first unit in the instrument,
namely that of biosensing. In a biosensor, a physical quantity that has a correspondence
with a physiological variable is sensed and typically converted or ‘transduced’ to an
electrical quantity for further processing by the instrument. In terms of terminology, a
transducer is the general name for a sensor or actuator. In a broad definition, a sensor is
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a device that detects a change in physical stimulus and converts it into a signal, which
can then be measured or recorded. An actuator does the converse in that it produces
observable outputs in a system. The general concept of ‘transduction’ therefore is a
device that transfers a signal from one energy system to another in the same or in a
different form. In the majority of cases, a sensor converts a measured object quantity
into an electrical signal. Once an object quantity is converted into an electrical signal,
then standard instrumentation techniques can be applied.
The other term which needs definition is that of ‘signal’. The essential characteristic of
a signal is that of being able to change as a function of space or time. In the case of a
biological signal, it is a detectable unit of information that characterizes the behavior,
structure or function of the biological system or process under study.
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It is useful to associate the type of signal with various forms of energy. Table 1 lists
different forms of energy and corresponding examples of the signal types that may be
measured from these sources. When performing physiological measurement, some
signals are intrinsic to bodily function (for example voltages from biopotentials),
whereas others are modulated when external energy sources are applied to the body (for
example, blood flow in a vessel measured using an electromagnetic or ultrasonic flow
meter).
This chapter is primarily arranged in sequence of the various object quantities being
measured, their physiological correlates and the collection of sensors, which can be used
to transduce these signals. Object quantities in biomedical measurements are typically
chemical, mechanical or electric quantities that echo physiological functions in the
living system. The other way to present physiological measurement information would
be based on the organ system in which the measurement was being made. Instead of
employing this approach, we shall highlight how a number of measurement techniques
can be applied and adapted to organ systems as the various signal types are described.
Measurements are routinely made on all the organ systems in the body, although the
first four systems in the following list are the ones in which most physiological
measurements are made, and are thus the focus of this chapter.








Circulatory System: Comprises the heart, blood, blood vessels, and lymphatics. It is
concerned with circulating blood to deliver oxygen and nutrients to every part of the
body.
Nervous System: Is made up of the brain, spinal cord, and central and peripheral
nerves. It receives and interprets stimuli from sensory organs and transmits impulses
to effector organs.
Musculoskeletal System: Consists of muscles, bones, cartilage, ligaments, tendons
and joints. It comprises muscle tissue that helps move the body and move materials
through the body. It provides the shape and form for our bodies in addition to
supporting and protecting our bodies, allowing bodily movement and producing
blood cells.
Respiratory System: It consists of the nose, larynx, trachea, diaphragm, bronchi, and
lungs. The principal function of the respiratory system is to supply the blood with
oxygen for delivery to the tissues.
Digestive System: The organs involved in this system include the mouth, stomach,
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gall bladder and intestines.
Endocrine System: This system is made up of a collection of glands, including the
pancreas, adrenal pituitary and thyroid, as well as the ovaries and testes. It regulates,
coordinates, and controls a number of body functions by secreting hormones and
neurotransmitters into the bloodstream.
Integumentary System: This system consists of the skin, hair, nails, and sweat
glands. Its main function is to act as a barrier to protect the body.
Reproductive System: It comprises organs such as the uterus, penis, ovaries, and
testes.
Urinary System: It consists of the kidneys, ureters, urinary bladder, and urethra.
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It should be noted that a single chapter cannot examine all aspects of physiological
measurement, nor for that matter even one aspect in detail. Indeed not just books but
entire encyclopedic volumes have been dedicated to or have been strongly focused on
such treatises. The focus of this chapter will be to document the range of physical
quantities which these devices encompass without resorting to complex formulae or
detailed technical aspects of the underlying sensing technology.
Energy Source
(Object Quantities)

Example Signals

Mechanical

force, pressure, flow, acceleration, velocity,
displacement

Electrical

voltage, current,
inductance

Molecular/Atomic
(Chemical)

chemical composition, pH value

Thermal

temperature

Radiant

visible light, infrared, radio waves

Magnetic

magnetic flux

resistance,

capacitance,

Table 1. A list of energy sources and common signals measured from these sources.
2. Biomedical Signals and Measurement Systems
2.1. Biomedical Signals
The collection of physiological data is basically the process of scientific observation and
may be performed without instrumentation. However instrumentation can be used to
amplify, highlight, detect, retain, archive, automate and further process observations
beyond that possible by a human operator. There are many issues associated with
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performing a physiological measurement on biological tissue. Put simply, they are
difficult measurements to take because of signal artifact and noise from myriad sources
and because of issues related to the influence of the measuring device on the underlying
biological function.
Moreover, it is most common that the health care worker will need to decide which
particular signal out of a range of signals is most appropriate in order to measure the
behavior of the living system. For example, in measuring the activity of the heart it is
possible to measure signals related to pressure, flow, motion, volume, bioelectricity
and/or biochemistry.
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Each signal will necessarily describe a different aspect of cardiac activity or
function/dysfunction. It is actually necessary to record multiple signals to gain a more
complete picture of cardiac function. To derive an index of ventricular contractility (the
amount of work the heart is capable of doing), it is necessary to record both ventricular
pressure and ventricular volume over the course of time. To derive information on
conduction abnormalities in the heart (arrhythmias), an electrical measurement
technique known as an electrocardiograph (ECG) would be most appropriate. In this
noninvasive technique, multiple electrodes are attached to the body surface to infer the
conduction behavior of the heart.
In circumstances where the cardiac arrhythmia is potentially life-threatening a more
complete cardiac mapping study may be undertaken whereby, electrodes are introduced
inside the heart to record directly the cardiac electrical activity. In a separate approach,
biochemical analysis of the blood would be the most useful approach for detecting the
incidence and severity of a recent myocardial infarction (death of heart tissue leading to
a heart attack).Part of the evolving nature of biomedical engineering research and
development is the discovery of new sensing technologies and associated instruments.
Studies would then need to be undertaken to match the properties of the instrumentation
with those of the biological signal. In an iterative process as the research and clinical
trials progressed, measurement techniques and technologies would be further refined as
more of the signal characteristics were understood.

As these techniques then became clinically validated and more widely accepted, they
would migrate from research laboratories to be used in everyday clinical practice.
Naturally, at this stage the economic implications of such technology in terms of costbenefit and improved patient health outcomes would also need to be evaluated as part of
the rationale to routinely use such equipment. History serves an example. It was not
until the end of the 19th century that bioelectric signals were able to be recorded as part
of cardiac activity monitoring. Prior to this, cardiac activity was only able to be
characterized by pressure and flow signals and these signals failed to reveal the complex
underlying electrical activity of the heart, the genesis of cardiac rhythm and the
multiplicity of rhythm disturbances (arrhythmogenesis). As more sophisticated signal
processing techniques as well as instrument designs were introduced in the 1960s and
1970s, cardiac activity monitoring via bioelectric phenomenon was even able to localize
probable areas of myocardial infarction as well as other major heart
diseases/pathologies.
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