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ABSTRACT

Dawn of every day brings with us such innovations that give heed to our dwindling

sprits and altogether change their orientation .The stimulus to carve thoughts and human

skill in such a way that could pave the way to progress ,and bid farewell to the realm of

darkness of ignorance provoked me to highlight the entity of medicine with the help of

electronics,

The lineaments of my project include some of mostly used medical devices like ECG,

pacemakers, robotics ,CT scan, Angiography and also the new technologies like

ergometer, mobile micro robotics in telemedicine and use of X rays in nanopattemed

surface are enough to make applications of electronics vivid.

Electrical and electronic applications of biomedics are not only helping in early

diagnosis & examinations but also therapeutically & in patient monitoring. So this way

they have a substantial impact in improving quality of human health care.

I am adamant that the effort I have made to highlight the medical devices & the

integrated technologies will certainly help you to have an idea that how how biomedical

applications are eradicating human beings from the old lethargic services.

I'm confident that my effort will open up the threshold of a new notion.

"
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INTRODUCTION

This project is mainly concerned with the Electrical & Electronic applications of

Biorne+ics that are being widely used throughout the world. It starts with the theory of

medical instrumentation, design and biopotential theories.

Some of the applications of biomedics with which we all are quite familiar like

angiography, computed Tomography, Magnetic resonance imaging, pacemaker

technology, Electrocardiogram etc but we hardly know how do they work. The

proceeding chapters contain the information of how and why do these medical devices

are actually used.
The thesis contains latest studies about use of X-rays in nanopatterened surfaces and

a lso about ergorreter that bas played an important role in reducing health care costs

especially in developing countries.

Mobile micro robotics that is a rapidly developing technology is very good example of

biomedical application .A part of this thesis is about Conventional Electromagnetic

motors, Piezelectrorıic linear actuators, Flextentional amplifiers and finally a brief

account on role of robotics in surgery.
The last chapter gives an idea about hazards of electricity to humans and the safety

precautions suggested for protection by implementation of Electrical Engineering.

I hope that the gist of my project will give, at least the remote idea to readers .

•
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1. MEDICAL INSTRUMENTATION

1.1 What Is A Medical Instrument?

There arr many different types of medical instruments, The ones on which we

concentrate in this thesis are those that monitor and analyze physiological signals from a

patient. Figure 1.1 shows a block diagram that characterizes such instruments. Sensors

measure the patient's physiological signals and produce electrical signals (generally

time-varying voltages) that are analogs of the actual signals.
A set of electrodes may be used to sense a potential difference on the body surface

such as an ECG or BEG. Sensors of differ6nt types are available to transduce into

voltages such variables as body core temperature and arterial blood pressure. The

electrical signals produced by the sensors interface to a processor, which is responsible

for processing and analysis of the signals. The processor block typically includes a

microprocessor for performing the necessary tasks. Many instruments have the ability to

display, record, or distribute through a network either the raw signal captured by the

processor or the results of its analysis. In some instruments, the processor perfoıms a

control function. Based on the results of signal analysis, the processor might instruct a

controller to do direct therapeutic intervention on a patient [closed loop control] or it

may signal a person that there is a problem that requires possible human intervention

[open loop control].
Let us consider two types of medical instrumentation and see how they fit this block

diagram. The first is an intensive care unit (ICU) system, a large set of instrumentation
•that mor+tors a number of patient's simultaneously. The second is a cardiac pacemaker

so small that it must fit inside the patient.
In the case of the ICU, there are normally several sensors connected to each patient

receiving intensive care, and the processor (actually usually more than one processor)

monitors and analyzes all of them. If the processor discovers an abnormality, it alerts

the medical staff, usually with audible alarms. A display permits the staff to see raw

data such as the ECG signals for each patient and also data obtained from the analysis

such as numerical readouts of heart rate and blood pressure. The network connects the

bedside portion of the instrumentation to a central control in the ICU.
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Another network might connect the ICU system to other databases remotely located

in the hospital. An example of a closed loop device that is sometimes used is an infusion

pump. Sensors monitor fluid loss as the amount of urine collected from the patient, and

then the processor instructs the pump to infuse the proper amount of fluid into the

patient to maintain fluid balance, thereby acting as a therapeutic device.

Now consider Figure 1.1 for the case of the implanted cardiac pacemaker. The sensors

are electrodes mounted on a catheter that is placed inside the heart. The processor is

usually a specialized integrated circuit designed specifically for this ultra-low-power

application rather than a general-purpose microprocessor. The processor monitors the

electrogram from the heart and analyzes it to determine if the heart is beating by itself if

it sees that the heart goes too long without its own stimulus signal, it fires an electrical

stimulator (the controller in this case) to inject a large enough current through the same

electrodes as those used for monitoring. This stimulus causes the heart to beat. Thus this

device operates as a closed loop therapy delivery system. The early pacemakers

operated in an open loop fashion, simply driving the heart at some fixed rate regardless

of whether or not it was able to beat in a normal physiological pattern most of the time.

These devices were far less satisfactory than their modem intelligent cousins. Normally

a microprocessor-based device outside the body placed over a pacemaker can

communicate with it through telemetry and then display and record its operating

parameters. Such a device can also set new operating parameters such as amplitude of

current stimulus. There are even versions of such devices that can communicate with a

central clinic over the telephone network. Thus, we see that the block diagram~of a

medical instrumentation systçm serves to characterize many medical care devices or

systems.

1.2 Evolution of Microprocessor-Based Systems

In the last decade, the microcomputer has made a significant impact on the

design of biomedical instrumentation. The natural evolution of the microcomputer

based instrument is toward more intelligent devices. More and more computing power

and memory are being squeezed into smaller and smaller spaces. The commercialization

of laptop PCs with significant computing power has accelerated the technology of the

battery-powered, patient-worn portable instrument. Such an instrument can be truly a

personal computer looking for problems specific to a given patient during the patient's

3



~~~ --·-"~~=====~--

daily routines. The ubiquitous PC itself evolved from minicomputers that were

developed for the biomedical instrumentation laboratory, and the PC has become a

powerful tool in biomedical computing applications. As we look to the future, we see

th" possibility of developing instruments to address problems that could not be

previously approached because of considerations of size, cost, or power consumption.

The evolution of the microcomputer-based medical instrument has followed the

evolution of the microprocessor itself (Tompkins and Webster, 1981). The

microprocessor is now more than 20 years old. It has evolved from modest begiımings

as an integrated circuit with 2,000 transistors (Intel 4004) in 1971 to the powerful

central processing units of today having more than 1, 000, 000 transistors (e.g., Intel

i486 and Motorola 68040).

1.3 Iterative Definition Of Medicine

Data collection is the starting point in health care. The clinician asks the patient

questions about medical history, records the ECG, and does blood tests and other tests

in order to define the patient's problem. Of course medical instruments help in some

aspects of this data collection process and even do some preprocessing of the data.

Ultimately, the clinician analyzes the data collected and decides what is the basis of the

patient's problem. This decision or diagnosis leads the clinician to prescribe a therapy.

Once the therapy is administered to the patient, the process continues around the closed

loop with more data collection and analysis until the patient's problem is gone.

ı,
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Physiological
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Electrical Analogs
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Display Recorder Network

Figure 1. 1 Basic elements of medical instrnmentation system

The function of the medical instrument of Figure 1. 1 thus appears to be a model of the

medical care system itself

1.4 Alternative operational modes

Direct-Indirect Modes

Often the desire & measurand can be interfaced directly to a transducer because
Ilı

measurand is readily accessible or acceptable invasive procedures we available. A the

desired measurand is not accessible, then we can use either another measurand that
lt

bears a known relation to the desired one or some form of energy or material that

interacts with the desired measurand to generate a new measurand that is accessible

examples are cardiac output (volume of blood pumped per minute by the heart),

determined from measurements of respiration and blood gas, or dye dilution;

morphology of internal organs, determined from x-ray shadows; and pulmonary

volumes, determined from variations in thoracic electrical impedance.
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Sampling and Continuous Modes

Some measurand such as body temperature and ion concentrations-change so slowly

that they may be sampled infrequently. Other quantities such as the electrocardiogram

and respiratory gas flow-often require continuous monitoring. The frequency content of

the measurand, the objective of the measurement, the condition of the patient, and the

notential liability of the physician all influence temporal aspects of the acquisition of

medical data. Many unused data are often collected.

Generating and Modulating Transducers

Generating transducers produce their signal output from energy taken from the

measurand, while modulating transducers receive their energy from an external source

and provide their output by varying this external energy according to the measurand.

For example, a photovoltaic cell is a generating transducer because it provides an output

voltage related to its illumination, without any additional external energy source.

However, a photoconductive cell is a modulating transducer, since to measure its

change in resistance with illumination; one must apply external energy to the

transducer,

Analog and Digital Modes

Signals that carry measurement information are either analog meaning continuous and

able to take on any value, or digital, meaning discrete and able to take on only a finite

number different values. Most currently available transducers operate in the analog

mode, although some inherently digital measuring devices have recently been

developed. Increased use of digital signal processing has required concurrent use of

analog-to-digital and digital-to-analog converters to interface computers with analog

transducers and analog display devices. Researchers have developed indirect digital

transducers that use analog primary sensing elements and digital variable-conversion

elements (optical shaft encoders). Also quasi-digital transducers, such as quartz-crystal

thermometers, give outputs with variable frequency, pulse rate, or pulse duration that

are easily converted to digital signals.

6
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. ıdvantages of the digital mode of operation are greater accuracy, repeatability,

reliability, anı1 immunity to noise. Also periodic calibration is usually not required.

igital numerical displays are replacing many analog meter movements because of their

greater accuracy and readability. Many clinicians, however, prefer analog displays when

they are determining whether a physiological variable is within certain limits or when

they we looking at a parameter that can quickly change, such as beat-to-beat heart rate.

In the latter case, digital displays often change numbers so quickly that they are very

difficult and annoying to observe.

Real-Time ond Delayed-Time Modes

Of course transducers must acquire signals in real time as the signals actually occur.

The output of the measurement system may not display the result immediately,

however, since some types of signal processing, such as averaging and transformations,

ıeed considerable input before any results can be produced. Often such short delays are

acceptable unless urgent feedback and control tasks depend on the output.

Deflection and Null Modes

For instruments that operate in the deflection mode, the output signal produces an

effect that is opposed by a spring or similar device so that a displacement proportional

to the quantity measured can be displayed. For example, the torque produced by current

flowing through a D'Arsonyal meter movement is opposed by a spring so that

displacement of the needle is proportional to input current.

Instruments operating in the null mode utilize a detector of imbalance between the~
unknown quantity and a known calibrated opposing quantity. The output is read as the

value of the opposing quantity for a balanced detector at maximum sensitivity. The

Null-type device is generally more accurate because the unknown is compared directly

with a standard and the detector of imbalance can have high sensitivity because only a

small range near zero need be covered. The null detector does not have to be calibrated,

since it is used only to detect the presence or absence of a signal. The major

disadvantage of null methods is the typically poor dynamic response, even when

automatic balancing devices are used.

C
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.5 Medical Measurement Constraints

The medical instrumentation is designed to measure various medical and

ysiological parameters. The principal measurement and f=quency ranges for each

ameter are major factors that affect the design of all the instrument components.

lost of the parameter measurement ranges are quite low compared with nonmedical

parameters in most industries. Note for example that most voltages are in the microvolt

range and that pressures are low (about 100 mm Hg= 1.93 psi= 13.3 kPa). Also note

hat all the signals are in the audio frequency range or below and that many signals

nsist of de and very low frequencies. These general properties of medical parameters

limit the practical choices available to designers for all aspects of instrument design.

lany crucial variables in living systems are inaccessible because the proper

measurand transducer interface cannot be achieved. Unlike many complex physical

systems, a biological system is of such a nature that it is not possible to tum it off and

remove parts of it during the measurement procedure. Even if interference from other

hysiological systems can be avoided, the physical size of many transducers prohibits

• 'ıe formation of a proper interface. Either such inaccessible variables must be measured

indirectly as just described, or corrections must be applied to data that are affected by

e measurement process. The cardiac output is an important measurement that is

obviously quite inaccessible.

Variables measured from the human body or from animals are seldom deterministic.

.Iost measured quantities vary with time, even when all controllable factors are fixed .

..lany medical measurements 'vary widely among normal patients, even when conditions

are similar. This inherent variability has been documented at the molecular and organ
••

levels, and even for the whole body. There are many internal anatomical variations that

accompany the obvious external differences between patients. Large tolerances on

physiological measurements are partly the result of interactions between many

physiological systems. Many feedback loops exist between physiological systems and

many of the interrelations are poorly understood. It is seldom feasible to control or

neutralize the effects of these other systems on the measured variable. The most

common method of coping with this variability is to assume empirical statistical and

nrobabilistic distribution functions. Single measurements are then compared with these

norms.
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. ;e,yly »ll biomedical measurements depend either on some form of energy being

lied to the living tissue or on some energy being applied as an incidental

onsequence of transducer operation. X-ray and ultrasonic imaging techniques and

electromagnetic or Doppler ultrasonic blood flow meters all depend on externally

plied energy interacting with living tissue. Safe levels of these various types of

ergy are difficult to establish because many mechanisms of interaction are not well

derstood. The heating of tissue is one effect that must be joined, because even

reversible physiological damages can affect measurements. Damage to tissue at the

olecular level has been demonstrated in some instances at surprisingly low energy

evels.

Operation of instruments in the medical environment imposes important additional

onstraints. Equipment must be reliable, simple to operate, and capable of withstanding

hysical abuse and exposure to corrosive chemicals. Electronic equipment must be

esigned to minimize electricshock hazards .The safety of patients and medical

personnel must be considered in all phases of design and testing of instruments .

.6 Classifications Of Biomedical Instruments

The study of biomedical instruments can be approached from at least four viewpoints.

Techniques of biomedical measurement can be grouped according to the quantity that is

transduced, such as pressure, flow, or temperature. One advantage of this classification

is that different methods for measuring any quantity can be compared readily.

second classification scheme uses the principle of transduction, such as resistive,
ıı,

ductive, capacitive, ultrasonic, or electrochemical. Different applications of each

rinciple can be used to strengthen understanding of each concept; also new

applications may be more apparent.
easurement techniques can be studied separately for each physiological system,

such as the cardiovascular, pulmonary, nervous, or endocrine systems. This approach

isolates all the important measurements for specialists who need to know only about a

specific area, but it results in considerable overlap of principles of transduction.

Finally, biomedical instruments can be classified according to the clinical medicine

specialties, such as pediatrics, obstetrics, cardiology, or radiology. This approach is

valuable for medical personnel who are interested in specialized instruments.

9
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2. Electrical Potential In Human Heart

2.1 Anatomical Structure of heart

The heart is a muscle, about the size of your fist that is encased in a sac called the

pericardium. The pericardium helps to keep the heart in position and protects it from

getting hurt. The pericardium and the heart are separated by a layer of lubricating fluid,

which allows the heart to pump freely inside the walls of the chest. The heart is made up

of three layers of muscle, the endocardium, myocardium and epicardium. The

myocardium makes up about seventy five percent of the heart tissue. The epicardium is

a thin lining that covers the myocardium. There is a layer called the endocardium that is

between the myocardium and the inside of the heart. The endocardium acts as the inner

covering of the heart and protects the myocardium. The heart functions as a pump that

circulates nourishment and oxygen to, and carbon dioxide and waste away from, tissues

and organs of the body. The heart is separated into four different chambers through

which blood is pumped. A thick wall of muscle called the septum, which divides the

heart into two halves, separates the heart. Each half is then separated into an upper and

lower chamber by valves. The upper chambers are called the atria and are the inputs to

the heart. The lower chambers are called the ventricles and are the outputs of the heart.

The valves that separate the upper and lower chambers are called the atrioventriclular

valves. The valve that separates the right atrium from the right ventricle is called the

tricuspid valve and the valve that separates the left atrium from the left ventricle is.,
called the mitral valve. A different set of valves controls the flow of blood from each

ventricle to the main arteries. The valve that separates the right ventricle from the
~ . A

pulmonary artery, the artery that carries blood to the lungs, is called the pulmonary

valve, The aortic valve is the valve that separates the Left ventricle from the aorta, the

main artery that carries blood to the rest of the body's organs and tissues.

2.2 Generation of electrical potential in a Cardiac Cell

The heart is a pumping organ of the body that contracts and relaxes and pumps blood

throughout the body. The contraction and relaxation is due to movement of ions through

the sernipermiable membrane of cardiac cells. The movement of ions across the
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