Basic Biomedical Instrument

Physiologic
System

—-»| Sensor

1

Processor

Display
Storage

—» Observer




Possible Types of Transducers

Electrical

Mechanical

Thermal

Optical

Chemical

Acoustic
Hydraulic
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Types of Sensors

* Physical
« Chemical

* Bioanalytical



Types of Sensors

* Physical
Strain gauge
Accelerometer Thermistor

Load cell (force) Metal resistance
Pressure sensor thermometer

e Chemical Flow sensor
 Oxygen electrode lon-selective electrode
* Glass electrode (pH)* CO, sensor

* Bioanalytical
 Glucose sensor
 Lactate sensor And so on

Velocimeter
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Two Ways to Look at a Signal

V Time Domain

M A
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Frequency Domain
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Representation of a Square Wave

Original Square Wave

First Four Sine-wave Components

Sum of First Four Frequency Components

Time

Amplitude
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Transfer Characteristic

Signal In U(t)

(Physiologic Variable)_> Operation, f — Signal Out U,(t)

U,(t) = f(U;(t))
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Amplification
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Filtration (filtering)
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Decision Making (Logic)
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Another two ways to
represent a signal
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Analog and Digital

Signal
Signal

Time— Time—>
Analog Digitized

Signal

Time—>
Converted back to analog



Digital to Analog Conversion

Signal

Time

Converted back to analog



Sampling Theorem

Must sample signal at least at
two times the highest frequency
component

d

Rule of thumb: sample at five
times the highest frequency
component
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Display/Storage Devices

Display Devices
Flashing light or
sound

Analog meter
Digital Meter
Computer monitor

Storage Media

Paper chart
Magnetic tape
Electronic Memory
Computer hard disk

Other computer
memory media
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Digital Meter

Analog Meter

Are there situations where one type of
meter would be better than the other?

Give some examples of these situations.
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Displacement Measurement

Linear displacement (distance
between two points)

Angular displacement
Volume displacement

Velocity V= d (displacement)

dr

2
Acceleration a= %(velocity) = % (displacement)



Variable Resistance

Linear or angular
displacement = x

/ “
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Resistance Sensors

Variable resistance

252
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ELEMENT:

Conductive Plastic (shown):

Provides essentially infinite resalution,
long life, high speed tracking ability, and
good high frequency characteristics.
Wirewound:

Provides better stability and

lower temperature coefficients.

CONTINUITY STRIP:
Thermo setting high
temperature substrate

ANTI-BACKLASH

GOLD PLATED TERMINALS:
WAVE WASHER:

Do not corrode or tarmish

HOUSING:
High temp plastic.
Durable in harsh
environments.

GUIDE RAILS:
Reduce setability shift.

STAINLESS STEEL SHAFT:
Mon-corrosive.

PRECIOUS METAL WIPER::

Platinum alloy wiper for long life and low noise. SHAFT MODIFICATIONS:
Conductive plastic models employ multi-finger Options include threaded, chamferad
wipers preventing intermittence in higher shock and spring return. Simplifies linkage

and vibration applications. to your system.



Sample Problem

Problem: Find resolution of
variable resistance

Ri,ta = 1,000 Ohms
Number of turns =100

Resistance change between turns
1,000 Q/100 turns = 10 Q/turn

Not possible to see resistance
change of less than 10 Q



Resistance Strain Gauge

Piece of
Something




Resistance Strain Gauge
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Tensile
Force

Same Piece
Of Something
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Strain = AL=L —-1L,

.

Gauge Factor y =
AL
"1



Electrical Resistance of a
Material

Y

L

L
R=p=
P4

p is a physical property (constant) for a material



Liquid Metal Strain Gauge

V=AL=AL,6 = const.

e LI
pA pAL pV
LdL
dR=2p——
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