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Recap on lab assignment

A A potential divider converts a changing resistance into a
changing voltage
| Better to measure/alter voltages than currents

A You will continue from where you left off
I We will prepare a common circuit for everyone
I You will connectthe opamp and carry on

A Refresh your memory on  opamps

A Reports are not due until next year! (9 th January)

A Be clear on the question you are answering

A DO NOT put your name on the reports (just your
number)
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The Story So Far - Doppler Effect and Imaging

A The perceive frequency of a
source relates to the relative
speed of source/receiver

A A radar for red blood cells
I In the bloodstream, large
vessels
I At the capillary level

A Blood cells moving towards
the receiver appear red,
otherwise blue.

Tissue blood flow
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The Story So Far - Capnography

A Measurement of the CO , exhalation.

A Detect successful intubation.
A Provide information on end  -to-end respiratory cycle.

A Main - stream / side  -stream transducer placement.
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The Story So Far - Pressure Transducers

A Three common types of output:

I Millivolt output pressure transducers:
AUsually the most economical.
AOutput around 30mV.
ALinear and fast behaviour.
ASusceptible to electromagnetic noise.
I Voltage output pressure transducers:
AOut around 5Vdc.
AOutput is not a direct function of excitation.
ARobust to electromagnetic noise (good for industry).
I Milliampere output pressure transducers:
ACal |l ed fitransmitterso.
A4-20mA signal.
ACan be used to transmit signal over long distances.
A(the voltage would drop due to resistance).
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The Story So Far - Pressure Transducers

A Types of technology:
| Plezoresistive strain gauge:
AThe material compresses under pressure and its
resistivity changes.
I Capacitive:
AThe capacitance of a variable capacitor changes as the
pressure displaces the plates.
I Plezoelectric
I Optical:
AAs an optical fibre bends, the light travelling within is
modulated.
| Potentiometric:
AThe pressure induces change in a resistance ratio.
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Contents of today

A Spirometry
A Example of choosing a pressure transducer
A More on pressure sensing

A Building a spirometer
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Spirometry



Respiration Measurements

A Respiration: the chemical
process of releasing
energy from (complex)

organic compounds.
I In medical engineering:
breathing = respiration.

A Exchange of O 2 between
red blood cells and the
alveoli of the lungs.

I Each lung has ~300
million alveol..

i Approximately 75m 2
surface for O 2 exchange.

© McGraw -Hill
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Respiration Measurements

AiQuanti fyingo breathing capac.i
A Characterise the movements that draw air in and out of

the lungs.
A Ribs, airways, intercostal muscles, diaphragm, lungs.

I The respiration system.

iWe want to measure 1 ts noutputo
A Infer the volume of air in the lungs, and the respiratory

capacity of a person.

A Three common measurement ways:
I Obstructive measurements.
I Plethysmography.
I Impedance -based measurements.
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Obstructive Respiratory Measurements

A Measure the airflow in/out of the lungs by impeding it

A The process is called spirometry

lnspnratorv reserve volume
. Direction of
axmu chart movement

N

Spiromt ter
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Residual volume Expiratory
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Water
© Sinauer Associates, Inc.
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Obstructive Respiratory Measurements

A Spirometry: pulmonary function

tests.

I Asthma.

I Symptoms of breathlessness.

I Preoperative risk assessment
(anaesthesia, cardiothoracic surgery).

A Physiological parameters measured:

I Forced vital capacity (FVC): vol. of air
forcibly blown (L).

| Forced expiratory volume in 1 sec
(FEV1).

I Peak expiratory flow (PEF): maximum
flow achieved during forced
expiration (L/sec).
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Obstructive Respiratory Measurements

A Spirometer operation modes:

| Heated wire.

| Rotating wing.

I Differential pressure sensing (pitot tube).
|

|

I Spring -weight.
| etc.

emitter .
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How to choose a pressure transducer

Application checklist

Use this checklist to help determine the type of pressure transducer needed for
your application. Refer to the article for explanation, clarification and
elaborations of the terminology and concepts contained in the checklist.

Performance Electrical

Pressure range: ______ psiglpsia/psis/psid  Input (excitation): AC DC Oth

Maximum pressure: Output require: mV__V__ 420mA

Pressure spikes: psi Hz other

Frequency: Intermittent Zero adjust: yes[J no[J

Regular Duration msec  Full scale adjust: yes[] no[]

Desired accuracy: + % FSO

Resolution: psior % FSO  Physical

Dynamic response: Hzormsec  Handling during installation and use:

Environment careful avg rough

Type of application: [] industrial [] mobile Replacement without recalibration y [[n[]
[ laboratory [] other Maximum size:

Pressure Media: type of fluid: Weight: X X in.

Vibration: Lo _med___hi___ Port mounted oz

Shock: Lo___med____hi___ Pressure port: yes[] no[]

EMI: Lite _mod __severe _ Termination:

Humidity: norm hi cable length in.

Operating temp terminals type

of fluid: min max connector type

Extreme temp

of fluid: min max Checklist provided by

of surroundings: min max National Fluid Power Association
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How to choose a pressure transducer

A Physiological parameter to measure
I (as pressure) breathing and forced exhalation of O 5

A How does breathing behave? Spikes?
A What resolution do we require?

A What is the dynamic response?
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Differential pressure sensing

blowing air < ex po) ted air

Cross-section 1 Cross-section 1

Pl PZ
Properties of fluid at entry orifice Properties of fluid at exit orifice
" gAAT GEBWDE A " A AT OB WDE A
0d ET GAIONTAEIOQE A 0d ET GAIONTAEICQE A
VPP OAOCDEONE A 0P OAODEOADAE A

Assumptions: Laminar flow
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Bernoulli Equation
) X =

7
Is‘ & ¢
blowing air exported air
O
Pl PZ
Enerqy of fluid at entry orifice Enerqy of fluid at exit orifice
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T y
Pressure energy

Kinetic energy
Potential energy
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Bernoulli Equation
) X 5

T

Is~ e s §

blowing air exported air
®
Pl PZ
Enerqy of fluid at entry orifice Energy of fluid at exit orifice
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Bernoulli Equation
) X =

’
Is' - X . Se t
blowing air exported air
O
P, P,

Conservation of energy

7 \ 7 \

0 -"0 =0 =-=-"0

Kilograms per second going in = kilograms per second going out

: Conservation of mass
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Bernoulli Equation
) X =

2
Is‘ < X > s’¢
blowing air exported air
O
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Conservation of energy
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Bernoulli Equation
) X 5

T
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blowing air exported air
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Bernoulli Equation
) X 5

T

IS‘ e s §

blowing air exported air

Pl PZ
Conservation of enerqy
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: Conservation of mass
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Bernoulli Equation
) X 5

T

Is' < X > s;t
blowing air exported air
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Bernoulli Equation
) X 5
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Bernoulli Equation
) X 5
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Bernoulli Equation
) X 5

T

Is' < X > Se t
blowing air exported air
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Bernoulli Equation
) X =

T

Is' e s §

blowing air exported air
@ O
Pl PZ
- Mass per second
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Calibration!!!
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PERSONALIZED RESPIRATORY HEALTH




Respl : the smartphone spirometer
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