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Abstract

Functionally, the respiratory system composed of an integrated set of regulated
processes that include pulmonary ventilation (breathing) and gas exchange in the
lungs. Breathing is the exchange of air hetween the atmosphere and the lung. as air
moves into and out of the lungs it ravel ffom regions of high air pressure to regions

of low air pressure.

Spirometers are devices used to measure the volume of air inhaled or exhaled by
the lungs. Diagnostic spirometers measure the flow and volume of gas moving inlo
and out of the lungs during inspiratory and expiratory efforts. They help diagnose
and monitor disease, as well as assess treatment effectivencas and disability.
Comparing spirometric values to the patient’s previous values or to normal values for
a patient of the same sex. height. weight, and/or age provides information about
pulmonary function. Spirometers aid in diagnosing lung diseases, classifying
obstructive and restrictive disorders, and measuring the efficacy of subsequent
therapies. They also help distinguish belween pulmonary anomalies and anomalies of’

other origin (e g , neuralgic, chest wall)

There are two types of Spirometers using flow sensing or volume sensing.

In our project we will usc the flow scnsing techniques working by turbine sensor,
when patienl performs specific breathing maneuvers the turbine will move and cut
wmirared sensor a counter will count the plusses and by using computer software it

will change it to volume, peak expiratory flow (PEF), functional Residual capacity

(FRC), then it can be stored for transfer analvsis and testes.
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Chapter One
Introduction

1.1 Introduction

In physiology thus far, you have been introduced to the concept of cellular or
internal respiration, which refers to the cellular metabolic processes that break down
nutrient molecules, using O and producing CO;. The respiratory system of the hody
tlungs, airways and muscles) is not directly involved in this process; rather il is
mvolved in the exchange of O, and CO; hetween the blood (brought Lo the alveoli in
the lungs) and the inspired air (filling the alveoli in the lungs)

Respiration is composed of four steps.

1) Ventilation (or breathing).

2} Gas exchange in the lungs

) Circulation of blood hetween the lungs and tissues and.
< (Gas exchange at between the blood and tissues,

Respiratory failure is diflicult Lo predict and can become life threatening in a
Sew mmmutes Thus continuous monitoring of respiratory activity should be
sescstony m cliecal and ligh nsk situations. Several non-invasive methods and
Seces provide information aboul regpiratory rate or depth, or gas cxchange.
SE=Seds ae calegonized into! volume and tissue composition detection, air flow

s and blood gas concentration

Sewometry is Pulmonary Function Tests (PFTs), Measuring lung [unction,
il the measurement of the amount (volume) and/or speed (flow) of air that




can be inhaled and exhaled. Spirometry is an important tool used for assessing

conditions such as asthma, cystic fibrosis, and COPD.

Since 1987 no mature change has been don on Spiro meter, Most Spiro meters
are microprocessor-based devices, although a few require the user to caleulate some
results manually. There are two tvpes of Spiro meters using flow sensing or volume

sensing

In this project we will use the flow sensing techmiques working by turbine
sensor, when patient performs specific breathing the turbine will move and cut
infrared sensor a counter will count the plusses & then use a compurer software to
change it to volume, peak expiratory flow (PEF), functional Residual capacity

(FRC), then it can be stored by software for transfer analysis and testes.

1.2 Project Objectives

The main objectives of this project are:
- Design a non-invasive medical device that can be used for medical applicanons
2- Touse Flow Rate to determine Lung Volumes & Capacitances.
Designing a spirometer by using turbine sensing devices.
4+ Interface this device to the personal computer (PC).
5. Design diagnostic sotiware, in order to determine Lung volumes & Capacitances
such as FEV, VC ... ctc. Draw Spirogram and usc it in clincal sctting such as

Obstructive lung disorders such as bronchitis and asthma, Restrictive Tung

disorders,




1.3 What is the Importance of the Project?

Our projecl is very important, because il adds a new technigue m order to
determine lung velumes by using flow rate through turbine scnsing devices. The
unportance of tos device comes from the following:

I. Ttissafe.

=

Simple to use.

3. Test can be repeated.

4, Non-invasive techmgue.

5. The paticot doesn't require special preparation.
6. Low Cost

1.4 Literature Review

The study of this project depends on some idcas of other projects

The first project were done by Huda Abufarda, Fatima Battat and Ayat
Sha'sban. This project was done in Palestine Polytechnic University (PPL]) wo be the
graduation project of this team. This project talks about Pulmonary Ventilation
Momtormg and Diasmostic (PYMD), (lhey were use temperature sensor). FVMD use
mask contpins temperature sensor, fixed on the infant's mouth and nose. From this
provect we obtained some information about respiratory rate and some Physiological

=sormation

The second project were done by Ali Ahmad Amro & Moayyad Al khatb This
mosect was done in Palestine Polviechnic University (PPU) to be the graduation
prosect of this team. This project was Desgning of Respiratory Montoring System

L=z Impedance Plethysmographyv, From this project we obtained some information

oot respiratory rate and some Physiological imformation.
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L5 Time Plan

I'he project follows is following time schedule, which includes the related tasks

of study and svstem analysis.

The lime planning consists of two time cstimation schedules: the first one

demonstrates what s done in the first semester and the second demonstrates the
scheduling time of the second semester.

L5.1 The First Time Planning
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1.52 The Second Time Planning

TASH WEEK 17 (1819 /20|21 |22 |23 2425|2627 |28 |20 221 2
Sesg B2 Schamatic
Seck Dragram
=grase Elecironic
Camporert for project
St Hardware
Srsem
: & Celitrabon
Tesang Systern

|

Figurel.2: The Sceond Time Flanning

L

b M MEBREE L

e AT e



1.6 Economical Study

This project needs the following accessories that are shown in table (1.2) with their
salarias:
- Component | Quantity Cost (§)
Phototransistors 2 — 40% @
Mouthprece with filter ] 0% |
LED35C 2 10% B
MATLAB student edition 1 108
Resistors 10 1§
Wires and cables - 58
Board 2 15%
DAQ card | 4505
| PC 1 3508
Total cost 10913
= Table 1.1: Leonomical Study
1.7 Risk management
1.7.1 Hard nisk
The most unportant hardware part in this project 1s the turbine flow sensor, The
geacicted risks are:

* Device faillure: the sensor may crash because of high voltage zupply or other

problems:.

= Goving wrong results from sensor.




» [ffect of environmental lactors and high air streams would effect also reading

corracron,

*  Wrong DAQ connection and high voltage would bom it

1.7.2 Software risk

There are two software programs to bhe usad in this design. These ara lab view and
MATLAB, There may ba some risks with the software such as:
¢ Prohlems in learning the lab vizw program
e Make a mustake during wriling the program on a m-file in MATLAB,

» Facing problems during constructing user interface

1.7.3 Group nsk
s |lllness of ane or more of group members,

= Group mecting difficulties

1.7.4 Requirement risk
* Several requirements may be affected by other requirement due to the high cost of
S0me componenis.

« The unavailability of DAQ for the team work to work on

L.7.% Project risk
* Sum requirements changes and mayv arise later.
« Schedule not accurate.

= Budoet not sufficient.




1.8 Project Content
Iis report is divided into four chapters; (hese chapters are dascribed as follows:

Chapter One: In this chapter we describa the umportance of the project, literature review,
objectives, and economical study.

Chapler Two: Lo this chapter we talk about respiratory system structure, mechanism of
respiration, lung volumes, respiratory rate, and Lung diseases

Chapter Three: This chapter includes Spirometer Theory & Types,

Lhapter Four: This chapter describes general block diapram and the measurement of
Ventilator Function.

L8apter Five: This chupter describes the Hardware Design system and the operation
srmciple of hardware component that are used for this project.

Chapter Six- This chapter presents the flowcharts ol software system, and then it talks
=out the software tools that used to implement the system which they are LABVIEW &
MATLAB

Chapter Seven: This chapter includes lesting the system and results of volunteer tests
Some by this device

Chapter Esght: This chapter includes what we conclude and problems we faca during the
seeect, then what may be done on the device in fiture

HUBEEUNELGEI e R
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Chapter Two
Physiology of Respiration

2.1 Introducrion

Qur cells use oxygen and produce carbon dioxide. The respiratory svstem brings
the needed oxygen into the body and eliminates carbon dioxide from it

Oxveen and carbon dioxide diffuse between the alveoli and pulmonary capillaries
= the lungs, and between the systemic capillanes and cells throughout the body,

The diffusion of these gases, moving in opposite directions, is called gas exchange.
When external respiration:

- Carbon dioxide diffuses from pulmonary capillaries inte alvech

- Oxygen diffuses from alveoh into pulmenary capillaries.

w&=n mtemal respiration:

- Oypen diffuses from systemuc capillaries into cells.

- Carbon dioxide diffuses from cells into systemic capillarias.
s Effect exchange depends on:

= Avalable surface aren, wiich varies i different tiszues.

- Partial pressure pradients

- Ratz of blood flow

10




The bleod transports oxygen and carbon dioxide between the lung and other tissues
throughout the body. These gases are carried in several different forms: dissolved m the
plasma, chemically combined with hemoglobin, or convertad inta a different malecule
The basic rhythm of breathing is controlled by respiratory centers located in the
bramstemn. This rhythm is modified in response to input from sensory receptors and from
other reginns of the hrain.

2.2 Respiratory System Structure

The orpans of the respiratory svstem extend from the nose to the lungs and are
draded into the upper and lower respiratory tracts The upper respiratory tract consists
of the nose and the pharvnx, or throat. The lower respiratory tract includes the larynx. or
woscs box: the trachea or windpipe, wluch splits e two mam branches called broncha
teoy branches of the bronchi called bronchioles, and the lungs, a pair of saclike, spongy
orzans The nose, pharynx, larynx, rrachea. bronchi, and bronchioles conduct air to and
Som the lungs The lungs mteract with the circulatory system to deliver oxyeen and

p=mowve carbon dioxide.

11
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Figure 2.1: Respiratory System Structure [1].

1.3 The Mechanism of Respiration

Breathing 15 the exchange of air between the atmosphere and the lung, as air moves

=50 and cut of the lungs it travel from regions of high air pressure to regions of low air

pressure

1he relation ship between pressure and volume by Boyle's law:

When the lung is the larger volume, the sas molecules strike the wall logs

Seguentiy, thus excrting loss pressure (inspiration)

When the lung is the smallest volume the gas moleculss strike the wall more

S=guently, thus exerting more pressurs (expiration),

12




Boyle's law: The pressure of a gas 1s mversely proportional (o the volume when
the lung ncrease volume decreases pressure, and when decreasing volume increases
pressure [1],

Durning quet inspiration, the dinphragm and the external mter costal muscles

comiract increasing the volume decreases the pressure within the thoracic cavitv and the

Figura 2.2 Quiet inspiration

During quict expiration is a passive processing which the diaphragm and the
memal inter costal muscles relax, and the elastic lung and thoracie wall recoil inward.

T8= decreases the volume and therefore increases the pressure in the rthoracic
.3

13




The mechanism of respiration depends on intrapulmonary pressure change and
mtrapleural pressure change.

- Intrapulmonary pressure change:

Intrapulmonary (intra — alveolar) pressure is the pressure within the alveoli
Setween breaths, it equal atmospheric pressure (760 mmHge),

INTRAPLALMONARY PRESSLURE aim g

+1 =T
g _.L:A.*T."‘.E’."Z.”_E_“ RESSURES] oo
o S~—— — 758

INSPIRATION EXPIRATION

Figure 2.4 Intrapulmonary pressure [17.

- Intrapleural pressurs chanpe:
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Figure 2.5 Intraplural Pressure [1].

As the thoracic wall moves out ward during inspiration, the mtrapleural pressurs
Becomes even more negative, as the tharacic wall recoilz during expiration, the prassura

retum to (-4 mmHe) or (756 mmHg) [1]

-Evenl during mspiration

Diaphragm and external inter costal muscles contract then the volume of thoracc
cevity increases, lhe wtraplural pressure become more negalive then the lung expand,

e mirapulmonary pressure becomes negative then the ar flow mto the lung.

~Event during expiration

Diaphragm and external inter costal muscles relax then the volume of thoracic
cewity decrease the intraplural pressure becomes less negative the lung recoll then the
werepulmonary pressure rses above atmospheric pressure then the air flows outl of the -

15
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Figure 2.6 Changes of prassura [1].
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Figure 2.7 Breathe volume [1],

= & The factors affecting ventilation

Tow other factors play roles m ventilation:

I~ Resistance within the arr low: as air flows into the lung the pas molecules
encounter resistance when they strike the walls of the air way, There fore the
diameter of the air way effect the resistance when the diameter decrease the
resistance increase, because more gas molecules encounier the atr way wall,

And when the diameters increase the resistance decreases,

16




Correct air flow 15 inversely related o resistance. This relation ship is shown

by the equation
R=PIV oo 2112
Where R= resistance, N*s‘n1’.

P= pressure. N/m".

V=volume flaw rate, m’/s.

In the healthy lungs, the air way typically offers litlle resistance, so air flow easily
w0 and out of the lungs.

- lung compliance: elastic fibers the ease with the luny expand s called luny

compliance is prunenty determined by two factors:
- The stretch ability of clastic fibers within the lung.

D

Figure 2 8 Elastic fiber like balioon

- The surface temsion within the alveoly

Sieafihy lungs have high compliance because of their abundant elastic conmective
E-—

Compliance 15 the ratio of lung volume to lung pressure 12]:




Where € —compliance, m'/N
V =lung volume, m'

P =pressure, N/m'

2.5 Respiratury Conltrol

Control of respiration occurs n many different cerebral structures and regulates
many thmgs, Respiralion must be controlled to praduce the respiratory thylhm, ensure
adequate gas exchange, protect against inhalation of posonous substances, assist
mamtenance of body PIL remove irritations, and minimize energv cost. Respiratory
control is more complex than cardiac control for at least three reasons:

I- Airways airflow occurs in both directions,
2- The respiratory system interfaces directly with the environment outside the body
i- Parts of the respiratory system are used for other {unctions, such as swallowing

antl speaking.

As a result, respiratory nuscular action must be exquisitely coordinated: it must
Se prepared to protect it self awamst environmental onslaught and breathmg must be
se=poranly suspended on demand.
A2 control systems require sensors, controllers, and effectors. [Figure 2.9] presents the

wemeral scheme for respiratory control.
Resperatory chemoreceptor exists peripherally in the aortic arch and carotic bodics

e cenirallv m the ventral medulla oblongata of the brain. These receptors are sensilive
o parual pressure of CO5 and 07 and blood PH

18




The respiratory controller 15 lacated m several places in the brain Each location

appears to have its own function Tinlike the heart, the basic respiratory rhythmm s not

generated within the lungs but rather in the brain and is transmitted to respiratory

muscles by the phrenie narvs

Proprioceptors

[rﬁatiﬂ;l

1

‘ Cerebral cortex, Medullary and
RInERE Yo, pess Respirator Arterial
Hypothalamus ™ respiratory [~* q;m;ﬂi A blaod
center
/ \\ |
L Chemoreceptors Bar receptars Inflation receptors
: :

Yigure 2.9 General scheme of respiratory control [2].

28 The lung Volumes

Dunng respiratery function tests, the Pemon performs specitic breathing

memsuvers from which the vanous volume and flow parameters are determined (Fig.

4 1 Y 4
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Figure 2.10 Lung capacities and lung volumes [2].

Tidal volume (TV=500ml) is the normal considered to be the volume of air
entenng the nose and mouth with each breath.

Inspiration reserve volume {(IRV=3000ml): is the maxamum additional volume
that can be accommodatad by the lung at the end of inspiration.

Expiratory reserve volume (ERV=1000ml): is the maamum additional
expiration, as measured from lung volume at the end ol expiration.

Eesidual volume (RV=1200ml): 15 the amount of gas remaining i the lungs a
the end of maximal expiration.

Vital capacity (VC=4500ml) The maximal volume of gas thal can be Forcelully
sxpelled after maxamal inspiration.

R e e R e e I e e

Issparatory capacity (TC=3300ml): The mmamal volume of gas that can be
smemared from the resting expiratory level
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7- functional residual capacily (FRC-2200ml): The volume of gas remaining afler

nomal cxpiration.

FRE = BERV-ERE ..o oenciviciatiimnminisswiiiid

8- Total lung capacity (TLC=5700ml): The amount of gas contained in the lung at

the end of maximal inspiralion,

TIC =TV + IRV ¢ ERV + RV .....oevenenn i 2.6

Sete these lung volume values for a healthy person.

=7 Respiratory Rate

The respiration rate is the number of breaths a person takes per minute. The rate is

% measured when a person s al rest and simply involves counting the number of

% Sor one nunule counting how many times the chest rises.
Sepwsiony center emits signals 12 to 20 times & minute, causing 4 person to take 12

-0 Swesmbs 2 minute Newborns breathe at a faster rate, about 30 to 50 breaths a

Respratory Rates by Age,

> =2 I TR TR |

© Newboms Average 44 breaths per minute.




ra

Infants: 20-40 breaths per mimute.
Preschool children: 20-30 breaths per mimute,

-

4 Older chuldren: 16-23 breaths per minute.
5. Adults: 14 to 18 breaths per minute [3].
=8 Diseases of the luny

Preumoconiosis (plural, pneumoconiosis), a general tarm for anv one of
s=vesal lung diseases caused by breathing dust from industrial occupations like
o= muning, sand blasting, and stone cufting. Years of continual exposure to
Ssned dust can cause the formation of spots (macules), lumps (nodules), or
v growths in lung tissue, causing permanent damage ar destruction of these

Ssses Smoking can complicate or worsen the conditions. Symptoms of the
Ssesse melude shortness of breath. labored breathing, coughmg, and production
W peeem (mucus secreted in the respiratory system when infactions are
wwsmest) Other, often fatal, illnesses such as cancer, tuberculosis, emphysema, or
S Sseace may also develop

L B bl b e bbb bl

Soth morganic dust (from minerals) and organic dust (from plants) can producs
Wesmeconiosis. For example, inhalation of inorganic irritants such as coal dust,
Sty from puning hard coal, or anthracite. causes the condition known as hlack
Bmw Sesece coal warker's pneumoconiosis, or anthracosis. Silica dust from guarrying,

£ or sand blasting causcs the disease silicosis. The fine particles and dust from

< & fibrous matenal commonly used mn construction and insulation until its use
Sutased by the Environmental Protection Agency in 1989, causes asbestosis and




mesothelioma, a cancer of the chest lining. The inhalation of organic irritants most often
found m textile mills such as the dusts of cotton, fax, hemp, and jule causes byssinosis,
or brown lung disease. Another type of poncumoconiosis takes the form of
hypersensitivity to irritanls, {umes, and vapors in the workplace from substances like
cadmium, beryllium, chlonne, and fluonne [3].
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Chapter Three
Theoretical Background

A1 Introduction

Tt is the most basic and common methods to understand pulmonary lung [unctions

I+ may be useful to do the [ollowng:

| To determine how well the lungs receive, hold, and utilize ar.

2 To monttor a lung discase.

3 To monitor the effectivenass of treatment,

£ To determne the seventy of' a lung disease.

¢ To determine whether the lung disease 1s restrictive (decreased airflow) or obstructive

f&suption of airflow)

5.2 Spirometers, Diagnostic

Spirometers are devices used to measure the volume of air mhaled or exhaled by

Diagnostic spirometers measure the How and volume of gas moving
e =4 out of the lungs during inspiratory and expiratory efforts. They help
Saeswose and monitor disease, as well as assess treatment effectrvensse and
ety Comparing spirometric values to the patient’s previous values or to




normal values fior 4 patiemt of the same sex. heght, weighl, and/or age

provides information aboul pulmonary function Spirometers aid
diagnosing lung diseases, classifying obstructive and resticlive disorders,
and measuring the efficacy of subsequent therapies. They also help
distinguish hetween pulmonary anomalies and anomalies of vther origin (e.g.,
neuralgic, chest wall) [4].

3. 3-Spirograms

Graphic recordings of expirations are called Spirograms and help to wvisualize

mEasuremants

LT Inspirztory
ressrve Iri i wlory

yohume capavity

Trdal

LUNG YOLUME L)
(e

g L. Y N A
2 ] E.:q;nrtlﬂl'l:l rETerye 't'l:l'I-I.II'I'ET [
I
1+ I Funclional residual
Faridual volume capanity
0
TIME

Fesmre 3.1 Typical recording of vanous lung volumes from a recording spirometer [3].
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3.4 1ypes of Spirometers

There are broadly two tvpes:
I Volumetric Spirometars:
Durectly measures air volume as a function of time using volume sensing ( Water-
sealed, dry rolling seal and bellows sprometer).
2 Flow-Type Spirometar:
Measures airflow during a period of time and inteprates the flows to get
expired volume using volume sensing { pneumotachometer, turbime, hot wire

memometer spuometers )| 4.

341 Volume

(ias volumes may be measured directly using one of several volume displacement

Sperome Iers.
24 L1 Volume measuring devices

Volume measuring devices are also called volume displacement spirometars or
weame collecting devices. These instruments tend to mechanically collect an expired

weosme of gas into a leak proof and expandable container; the expansion of the container
= s==onad to be linear, and the contamner is calibrated for volume [6].
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5.4.1.1.1 Water-sealed spirometer

It is the simplest and oldest desien of spirometer, Uscs a hollow eylinder, or bell,
whach is mverted and lowered into a bucket of water contaiming a tube for the movement

of zas The bell rises or lowers as gas moves mio or oul of the gas space trapped
setween the bell and the water. In order to prevent excess compression of the gas within
e bell, carlier models used a chain and counter-weight, although newer modals are
Sesened with lightweight bells in which gas compression is not sigmificant. A pen 15
ofen amtached to the bell which may graph the volume-time tracmy on un attached
Semograph, a totating druimn with recording paper

Many sprrometers also incorporate a linear potentiometer attached to the bell for
s slectrical recording via a simple amplifier. The basic principle ol operation is that
S hewhit of the bell is related to s volume by the formula for the volume ol a cylinder
=

241,12 The Dry-seal spirometer

The bell is scaled to its base with a thin laver of latex (or some other thin and
Sewide material). As gas is introduced into the bell, the latex prevents its escape and
e the bell 1o move, as with the water-zealed spirometer. Dry-seal spirromesters may
sewsted horizontally, and may employ a moving piston instead of a moving hell
= electrical recording are achieved as with the water-sealed spirometer [6].
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3.4.1.1.53 The Bellows, or wedge, spirometer

In this device, the gas to be measured 15 contained wathm a bellows whose

emansion is recorded via a pen or a rotational potentiometer [6]

3.4.1.2 Advantages of volume displacement Spirometers

*- Simple construction and wse. They do nol require computers or processors for
smole volume and time measurements.

= They ara easy to cahibrate and do not depend on the composition of gases thev are
w==d to measure [7],

Disadvantages of volume displacement Spirometers

- Ihev are bulky. Waler-sealed spuromelers, in particular, can be heavy when they
wre filled with water, and they are prone to spillage when tipped.

=~ They have a lrmted frequency response and are not well surted to rapidly
changmy signals

= The maxamum volume they can measure is mited by their size. Thus, for an

spenment in which tidal volume is measured over a period of [ive minutes, the

wolume displacement spirometar would be difficult [7].
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Figure 3.2 Volume-sensing spirometric device [4]

242 Flow Measuring Devices

Flow is the time-dervative ol volume. or

125 o TR S R <

Thus, any device capable of measunng either volume or flow can also report the
sven an appropriate time measurement and the necded processing For this
and others given below, flow measuring devices have become popular methods

swasuring both volumes and Flows [7].

Preumotachograph

Preumotachographs mesasure the flow according to the Venturi principle.
% eten principle is the name that was given to the physical phenomenon where gas
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particles accelerate when their circulation zone is reduces. At the same time a drop in

pressure oeours, Lhese spirometers measure the pressure drop when a patient blows m
the device.

There are 2 types ol pneumolachographs, Flesh and Lilly, The Lilly tvpe measures
e difference n pressure over betore and after o membrane with known resistance.
Slesch types use a series of parallal capillaries. Fleish pnsumotachographs are more
(el than the Lilly ones.

The biggest disadvantage of this method s that they are very sensitive to
mmperature, hunidity and athmospheric pressure ol surrounding air. This means that
Bese sprometers must be cabbrated very often ar least daily and after each

et

Fesumotachographs without thermostat are not rehiable, since they don'l hold the
of temperature into account, which is 2 very imporntant inlluence on results [8].

Het Wire Anemometer

- Mhese sprometers measure the electronic resistance through a hot wire This
= dependant on the temperatare of the wire Temperature in the wire drops
‘e panent blows air in the spirometer.

These sprrometers are not very reliable and do not know the direction of the flow

= expiration).
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Results are not very preaise and calibration is difficult and must be done very often (at
i=ast once daily)[6].

24,23 Sonic Devices

There are two principles of arflow measuremant that are related to the production
o transtission of sound waves: the vortex principle and the ultrasonic prmeiple.

The sonic principles are ol alfected by hunudity, temperature, gas composition, or
wescosty and are ideally suted lor monitoring tidal volumes and minute ventilation
Surne continuous mechanical ventilation [6].

5424 The Ultrasunic Principle

The ultrasonic prnciple differs from the vortex principle because there are no
W= o the airflow sensor and no vortices are produced, In the ultrasonic airflow sensor,
e = an ultrasonic transmitter at one end and a recerver at the other end The speed of
e sound transmission is measured because airflow predictably affects the speed of the

somic wave from transmitter to receiver, ultrasound {ransil wme is decreased with

Sow and mereased against flow The ultrasonic principle is apphed i the Perkan-

= ventilabion momtor [ 8]
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Figure 3.3 - Flow-sensing spirometric devices [4].
Sonic sensor can determine whether there is respiration or not while Turbine

wemsor determing lung capacity and fow rate
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Chapter Four
Design Concepts

Many types of spirometer where clarified in last chapter That used for measurs
semed expired and ingpired volumes, end from these we can caleulate how effectivaly
= how quickly the lungs can be emptied and filled.

in thus project will he focused on one type of these spirometers only This depends

s nerbine flow sensor

This chapter describes designing of a spirometer device. Tt deseribes a eenaral
ek dapram, how to use this device, how fo diagnose cases and determine the
stakes which could happen through the examination process, from the patient or the
e

0 Measuremen! of Ventilator Funetion

ASematively, measures of flow can be made cither absolutely (e.g. peak cxpiratory
& = & function of volume, thus generating a fow-volume curve the shape of

= reproducible for any mdividual but varies considerably between different lung

A pecdly parformed manoeuver is usually characterized by poor reproducibility,
=ments which are usually made are as follows:

T I =y




© VO (vital capaeity) 15 the maxamum volume of air which can be exhaled or inspired
Sunee aither a forced (FVC) or a slow (VC) manoeuvre

= FEVI (lorced expired volume m one second [9]) s the volume expired i the first
secead of maximal expirarion afrer a maximal imspiration and 15 a useful measure of how

ekl full lungs can be emptiad.
S FEVUVC 15 the FEVI expressed as a percentage of the VO or FVC (whichaver

Siee s farger) and sives & chnucally useful index of airflow limitation

& FEFIS-75% is the average expired flow over the nuddle half of the FVC manoeuvre
= = regarded as 2 more sensinve measure of small airways narrowing than FEV1.

S wnunately FEF25-75% has a wide range of normality, is less reproducible than
SRR and s difficult to mterpret if the VC (or FVC) is reduced or increased.

= FEF (peak expiratory flow [9]) is the maximal expiratory Dow rate achieved and this
s very early in the forced axpiratory manoeuvre.

& FEFS0% and FEF75% (forced expiratory flow at 50% or 75% FVC) is the maximal
wowmory flow measuwred al the point where 50% of the FVC has bean expired
CFEES0SG) and after 75% has been expired (FEF75%). Both mdices have a wide range of
Swemehty  but are usually reproducible m a given subject provided the FVC s

mmrodocble

Leneral Block Diagram

There are important criteria’s engineers take them in consideration in design
ster device such as

= Safely of vser and patient

= Easness in usage and connection with the patient

= Legality & cthics,
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- Bincompatibility,

- Easiness of markcting,
- (Tost,
- Adaptability izsuc to face.

\Voliage

Source

!
L '
Muouth Turhine | :

Patient peace & flow : DAQ { mﬂ:?:
mouth "|  Aller "| seaser [ | suftw

Display

Figure 4.1, General Block diagram

# Patient mouth!

During spirometric pulmonary function test patient must exhale ! inhale to
wmevmum lung capacity. Usually nose clips to prevent inhalation / exhalation through
£ =

=  Mouth peace:
A tube with filter 1o avoid infection when using by multiple patient

3




* Turbine sensor:

This transducer consist of an acrylic tube with a vanc position between twa swirl
piates the low internal van s attached 10 a stainless steel pivot which is free to rotate on
== jewelad bearings mounted at the center af the swirl plates, As air is passed through
e Transducer a vortex is created by the swirl plate which causes the van to rotate m a
Zrection dependent upon the direction of air flow. The number of rotatons 15
seoportional to the volume of air pass through the transducer and the frequency of
sseanion is proportional to the flow rate. The transducer housing consists of mam bady
%5uch contains a pair of light emiting diodes (LED's) and phototransistors, The (LED's)
peoduce infra red beams which are interrupted by the vane twice per revalution. This

weerrupbon 1s sensed by the phototransistors. The output from the collecior of each
seototransistor will be a square wave with a phase difference between the two ol + or -
W degrees depending upon the dirsction of flow [10].

Li SOLNCe
ot Rotating
7 turbing

Gas i

velocily !"'

O b’hatmeli

L

[T

Flow

Pulza counler — Volume

Figure 4.2 Turbine flow meter [10].
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Table 4.1 Comparison Betwsen Thermuster and Turbine spirometers:

Thermister Cucbine
- Pemciple of Measurs the electronic resistance Measure number of pulses
@pecation through a hot wire
| Ay Determine if there is respiration | Determine Lung capacity,
only | Tlpw rate.
Casbranion Difficult Calibration Easy Calibratien
Wbty not very rahable and do not know | Reliable and can determine
the direction af the [low (nspiration | the direction of the flow
< expiration).
not very precise Very procise

Waltage source:
Will be nsed the vollage source by battery +3V

= DAQ:
DAQ (data acquisition System ) used as a connecting process between
fow sensor and computer software, also used fo make the project construction
process easier in hardware side, because these card contains a counters and

mnalog to digilal converter inside it.

So that DAQ makes the interface process much easier and saves time

« Camputer software:
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Two programs will be used LABVIEW and MATLAB: LABVIEW used
for taking data. then save it mnto a Text lile and show an mial curve before
processing operation. After showmyg thiz curve we can determine whethar it

acceptable or not.

1f not the test should be repeated, but if it is accepted the lile will be loaded
m the next program (MATTLAR), where the processing operation is done then
displaymg the results and compare it with the oripmal results taken through
certam equations then grve the fnal resull which determine weather the patient
normal or not.

=  Display:
The final results and curves displayed on a monitor then they can be

primted by a printer.

Technigue - How to do the spiromeler?

70 ensure an acceptable result, the FVU manoeuvre must be performad with
s cifort immediately following a maximum mspiration: it should have a rapid

e the spirogram should be a smooth continuous carve.

o achieve pood results, carefully explam the procedure to the patient, ensunng
= sitting erect with feet firmly on the floor (the most comfortable position,




Swush standing eives a similar resull in adults, but in children the vital capacity is ofton
grester in the standing position) (see Figure 4 3). Apply a nose clip to the patient’s nose
(s s recommended but not essential) and urge the patient to: - breathe m fully (must
S absolutely full); then the result display on the screen

= Seal his'her lips around the mouthpiece
« Blss wir out 'as fast and as far as vou can untl the lungs are completsly empty
« Beeathe in again as forcibly and fully as possible (if inspiratory curve is required).

If anly peak expiratory flow is being measured then the patient need only exhale
2 couple of seconds. Essentials are:
= "o seeathe in Tully (must be absolutaly tull).
' & sood seal on the mouthpiece.
ey wigorous effort night from the start of the manoeuvre and continung until
=iv no more air can be exhaled
leaming forward during the test.
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Figure 4.4 How the spirometer connoct with the patient.
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45,1 Patient-Related Problems

The most common patient-related problems when performing the FVC manoeuvre
= =2 Fipure 4.2
. Sub maximal cffort
2 Lesks between the lips and mouthpiece
3 Iacomplete inspiration or expiration (prior to or during the forced manoeuvic)
& Hesttanon at the start of the expration
* Cough (particularly within the first second of expiration)
% Sothis closure
T Oestruction of the mouthpiece by the tongue
4 \ocalization during the forced manoeuvre
Poor posture.
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Figure 4.5 Paticnt-Related Problems [9].

= lmsrument-Related Problems
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These depend largely on the type of spiromeler bemg used On volume-
Ssplacoment spirometers look for leaks in the hose comnections; on flow-ssnsing
swrometers look for rips and tears in the Oow head connactor tubs. on electronic
Suomelers be particularly careful about cabbration, accuracy and linearity. Standards
sommend checking the calibration at least daly and a simple self-test of the
Swometer is an addilional, useful daily check that the instrument is functioning
=rectly

4.4 Predicted Normal Values

1o interpret ventilator [unction tests m any individual, compare the results with
“sfence values obtamed from a well defined papulation of norinal subjects matched for
%% sge, height and ethnic origin and usmg similar test protocols: and carefully
“wteated and validated mstruments [appendix B].

A5 Interpretativn of Ventilator Function Tests

Measurements of ventilator function may be very useful in a disgnostic sense but
e we also useful in following the natural history of disease over a period of time,

esmms preoperative nsk and in quantifving the effects of treatmant.
presence of ventilator abnormality can be inferred if anv of FEV1, VC. PEF or
BN LVC% is oulside the normal range.

S50 Classifying Abnormal Ventilator Function

The inter-relationships of the varivus measurements are  also impartant

sstically (Figure 4.5 and Table 4.1) [9]. For example:




L A reduction of FEV1 m relation to the forced vital capacity wall result in 2 low
FEVIFVC% and is typical of obstructive ventilator defects (ag asthma and
smphysema). The lower imit of normal for FEVI/FVC 15 around 70-75% but the exact
St 15 dependent on age. The exact values by age, sex and height are given in the tables
= Appendix € In obstructive lung disease the FVC may be lags than the slow VI
Secause of earlier airway closure during the forced manoauvre. This may lead to an
sverestunation of the FEVI/FVC%. Thus. the FEVI/VC% may be a more sensimive

mi=s of arrflow obstruction,

= The FEVI/FVC% ratio remams normal or high (typically > 80%) with a reduction in
Se% FEVI and FVC m restrictive ventilator defocts (e.g. interstitial lung disease.
s=piratory muscle weakness, and thoracic cage deformities such as kvpho-scoliosis)

£ A reduced FVC togsther with a low FEVI/FYC% ratio is a feature of a mined
westdator defect in which a combination of both obstruction and restriction appear to be
se==ent, or alternatively may oceur m airflow obstruction as 2 consequence of airway
Ssare resulting in pas trapping, rather than as a result of small lungs. It is necessary to

wemsare the patient's total lung capaaty to distinguish between thesa two possibilities.
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Table 4.2Classification of Ventilator Abnorimalities by Spirometry [9]

The shape of the expiratory fow-voluma curve varics between obstructive
#tor defecls where maximal flow rates are diminished and the expiratory curve is
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scooped oul or concave 1o the x-axs, and restrictive diseases where flows may be

mereased wn relation to lung volume (convex).

A "tall" on the expiratory curve as residual volume is approached 15 suggestive of
obstruction i the small peripheral airways. Exammation of the shape of the flow-
welume curve can help to distinguish different discase states, but note that the inspiratory

curve 15 effort-dependent.




Chapter Five

Hardware System Design

= 1 Structural design
81 Tarbme Flow sensor
~© DAQ (Data Acquisition System)




Chapter Five

Tardware system design

5.1 Structural design:

The tollowing is a block diagram Of the complete system.

e = = ] e

peace & fAlow } J LABVIEW
mouth v ﬁhﬂf ’ SCnSur &. h‘lﬂm
— '——— _
-
Display

Figure 5-1: General block diagram

= e=vous block diagram noticed that this device contains many parts such as

“wtme flow sensor which has been constructed on single board as shown in figure
B5-2)
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Figure 5.2: LED55C and Phototransistor Circuit

5.2 Turbine Flow sensor

£21.1 Gas infrared emitting diode (LED 55C)

The vption of choasing [.ED 55C rafers to:

= Cwad optical to mechanical alignment

~ Mechanically and wavelength matched to the TO-18 series pholotransistor
Sermetically sealed package.

= Beh radiance level

The basic operation of the light emutting diode (LED) is as follow: the device
wesme as the forward binsed, the clectrons cross the pn junction from the n-tvpe
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sterial and recombine with holes in the p-type material. ‘The free electrons are in the
seeduction band and a higher energy level than the holes in the valence band When
s=combination takes place. the recombimng elecirans release energy in the form of
=

The semiconductor material used in 1ED are gallium arsemide (GaAs), that emit
wared (LR) radiation, which is invisible light The amount of power output translated
s hight is directly proportional to the forward current, as indicated n figure (5-3).

Typical light output versus forward current

3
E
=
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g
=
Q

€0
H(mA]

Figure 5.3: Typical light output versus forward current.

The wavelength of light determmes whether it 18 visible or infrared An LED
Leht over a specified range of wavelengths as indicated by the spectral oulput




“erves in fipure (5-4) The curve in part (&) represents the light output versus wavelength
% atypical visible red LED and the curve in part (b) is for tvpical infrared LED. The
wavelengih (A) 1s expressed in nanometer (nm). 'The output of the visible red TED peaks
® 560 nm, and output for the infrared LED peiks at 940 nm.
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Figure 5.4.a. Visible Red




Infrared (IR)
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Figure 5.4.h: Infrared (IR)
Ihe maximum value of current can this LED handle 1s 100mA_ the DC(Direct
wesnt) voltage source used is +5V and protection resistance R, — the value of the

stance determined through the equation:

R-(Vee-Vd)/ T
R—(5 1.7)/100m =330

Where are-

= & protection resistance (ohm)
= 2 DC voltage source (voll)
& carrent passing through the LED (mA)
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This 15 the value of the resistance which is enough to protect the LED, when using
e maximum current, but this design doesn’t need a high intensity light that makes the
current value passing through LED less, so that the value of Ry 1s chosen to be 1200

%=r a current valye ¢

I=V[R
I=5/120= 4] 66mA

This value 1s enough to operate the LED. When operating the circut the currant
seses through LED and tum it on then the phototransistor recaives the light coming
S the TED, which is the other part of the circuit.

512 Phototransistor{ SDS60U)

Fhototransistors are solid state light detectors that possess in internal gain.
= makes them much more sensitive than pheolodicdes ol comparably sized
These devices can be used to provide either an analog or digital output
This family of detectors offers the option of choosing phatotransistor
s 10,

= Low cost visible and near-IR photo detection

» Available with gains from 100 to over 1300,

= Muoderately fast response fimes.

= Available in a wide range of packages including epoxy coated, ransfer

maolded, cast, hermetic packages, and in chip form.
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Usable with almost any visible or near infrared light source such as IRED,
neon, fluorescent, incandescent bulbs, lasers, flame source, sunlight, elc.
same general eleclrical characteristics as familiar signal transistors

‘encept thatincident light replaces base drive current),

A phototransistor has been used in this project as shown in figure (5.3)

Figure 5.5 : Turbine Sensor
#or Phototransislor circuil the resistance is chosen as the following
f|quation
~¥/1
=5/15m = 3330
* protection resistance value were used is 3900
stection resistance (ohm)

voltage source (volt)




L = = current passing through tha Phototransistor (mA)

% principle of operation:

Fan plates i1s moved between LED and phototransistor by Lhe air out from
wesent lung when plate inlerrupls light 1l records pulse, so result should be like
s figure (5.4).

9 Y

Figure 5.6: Phototransistor output
signal inters DAQ), then computer software to be processed.
. D40 (Data Acquisition System):

DAD (N1_PCI 6034F)




Fieure5.7T The DAQ card.

The NI 6034 DAQ uscs the E series technology to deliver high performance,
s=lizble data acquisition capabilities This card is used in different apphications such as:

* Continuous high-speed data logging at up to 200kS/s (Kilo Sample/second).

« Externally tmed and/or tngeered data acquizibon

* High-voltage and sensor measurements (when used with signal conditioning).
* High-channel-count system scalability with RTST bus,

The NI 6034E card has many important features such as;

* [Ihis card has 16 analeg mputs at 200k5/s, with 16 hit resalution

« 2 analog outputs, each with |6-bit resolution.

+ 8 digital inpul/outpul lines which are compatible wath both SV TTL{1ransistor
Transistor Logie) and CMOS(Complemanlary metal-oxide semiconductor)

* Two 24-bit counter'timer, with 20MHz frequency

= Digital tnggering.

4 analog mput signal ranges.




£.3.1 DAQ specifications and requirements

In this project the phototransistor sensor output are analog signal, that are square
wave sipnal and that sipnal must be summed in two ways using Pulsz adge counter and
Stequency counter then twa analog input chanmels DAQ 15 required, for the frequency
sesutted 1s about 1kHz , so the DAQ frequency should be at its minimum double the
Sushest frequency present ; but any DAQ in these days has at least more than | KHz as
= sampling frequency

So for monttoring thess signals the 6034 NI-DAC) have been ussd, the National
Smmruments 6034 device is high-performance multifunction analog. digital, and timing
0 Sevice for PCL The NI 6034 features 16 channels (eight differential) of 16-hit
e mput (Al), a 6R-pin connector, and eighr lines of digital V'O (DLO).

S0 when using this DAQ. two channels from the differential analog inpul are used

== one for volume and the other for flow rate,

Finally [or monitoring stage a Personal Computer PC 1s needed to mount the DAQ)

* 2od 10 run the monttorng program, which is LabView 7.1 or later.




Chapter Six
Software System Design

The "LabVIEW" software
= MATLAB
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Chapter Six
Software system design

This chapter describes the types of programs which have been used through this

seevect and description for each one with s Howchart,

&1 The "LabVIEW" software:

The "LabVIEW" which 15 an abbreviation of (Laboratory Virtual Instrument
“ribench) 15 o full-featured graphical programomung language with all the standard
wres of a general-purpose programming environment such as data structuras, looping
=wres, and event handlng, LabVIEW also has a built-in compiler that compiles ail
= eodit time However, unlike other general-purpose programming languages,
AEW 15 gpecilically desymed for engineers and scientists and has bull-in tools 1o
e needs. These high-level functions, assistants, and tools make LabVIEW much
1=an a programming languaga:

Samonal Tnstruments (NI) LabVIEW is a graphical development environment for
fexible and scalable desipn. control, and test appheations rapidly and at
cost. With NI LabVIEW, engineers and scientisls inlerface with real-world
snalyze data tor meaningtul imformation, and share results through intuitive

= reports, and the Web. Regardless of expenence, LabVIEW makes development
zasy for all users.

Samonal Instruments LabVIEW delivers a powerful graphical development
et for signal acquisthon, measurement analysis, and data presentation, giving




e fleabibity of a programming lanpuage without the complexity of tradmional
development tools, and it also uses dataflow programming, where the flow of data
swrough the nodss on the block diagram determunes the execution order of the Vs and
Smctions, (VTs are LahVIEW programs that mutate physical nstruments).

So the LabVIEW can perform the followmg functions:

o Acquiringg N1 LabVIEW 1s an open environment desipned to make

terfacing with any measurement hardware simple With imtsractive assistants.
code peneration, and connectivity to thousands of devices, LabVIEW makes

gathermyg data as simple as possible.

e Analyzing LabVIEW has more than 300 built-in functions designed
specifically for extracting uscful information from any set of acquired data and

for analyzing measurements and processing signals.

Presenting: TabVIEW provides tools for data visualization, user mierface design,
W= publishing, report generation, data mansgement, and soflware connectivity.

all VI

VI 15 a program in LabVIEW that models the appearance and function of a
mstrument is combmnad from three major components:

1 Front Panel: acts as a user mterfacs

2 Block Miagram: contams the praphical source cods that defines
the functionality of the VL




i Leon and Connector pane: identifies the VL

6.1.1.1 Front Panel

Front Panel is the user interface of the VI, i contains two components controls and
ssestors, which are the mteractive input and output terminals of the V1 respectively

Controls such as knabs, push bultons, dials. and other input devices, they simulate
Sement input devices and supply data to the block diagram of the VI

Indicators such as graphs, LEDs, and other displays, they simulate instrument
Pt devices:
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Figure 6.1 Tront Pancl window




&.1.1.2 Block Diagram

Block Diagram is a window holds the graphical source code of the LabVIEW
where Fronl Pancl objects appears as terminals on the block diagram Alse, it contans
Sanctions and structures from built-in LabVIEW VT libraries. Wires connect each of the
sodes on the block diagram, including control and indicator terminals, functions and

sractiures.

fe e AATT T A T TR D T YA AN A A I I I e NI SIS Oo s

Figure 6.2: Block Diagram window
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%011 Why use LabVIEW

L ==VIEW is easv 10 use. inicractive, 50 we €an write sophisticated programs and

e=ons 1 a short time.

% sddition. LabVIEW presents the followng benefits:

« LabVIEW provides open connectivity with other programs such

= O Exog] . ete

e LabVIEW is easy to learn, use and gives a great results.
LAVIEW 15 wadely used in industry, employable skalls for students to leamn[11]
Lsing LabVview in This project.

The mput data coming in at the DAQ card from hardware devices Using the Block

Seerant” from the LabVIEW -after enabling it to read analog mput-, once let it

ses counter to count the pulses to give volume of air during gxpiration process

- will save the result (reading ) in Text file 1o be loaded by Matlab. The

wil be Frequency counter to give Flow rate of aur during expiration process and

s will save the result (reading ) in another Text file to be loaded by Matlab. The
+ of Project stages will be as deseribes in the flow chart(Figure 63):
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5 1 a mgh-parformance language for technical compuling. It integrates
ssupalization, and programming in an casy-to-use environment where
solutions are expressed in familiar mathematical ootation. Typical uses
=d computation Algorthm development Data acquisition Modeling,
prototypme Data analysis, esploration. and wisualization Scientific and

&whucs  Application  development. including graphical user interface

= == mteractive systeny whose basic data element is an array that does
somng. This allows you to solve many technical computing problems,
woth matnx and vector formulations, in a {raction of the time it would
Sgram in a scalar noninteractive language such as C or Fortran,

The name MATLAB stands for matrix laboratory. MATLAB was originally

= 1o provide easy access lo matnx software developed bv the LINPACK and
_m.-\'[:ﬁ projects. Today, MATLAB engmes mcorporate the LAPACK and BLAS
“Swanes, embedding the state of the art in software for matrix eomputation.

MATLAR has evolved aver a peniod of vears with mput from many users. In
wwversity environments, 1t 15 the standard instructional tool for introductory and
svanced courses in mathematics, enginsering, and science. In mdustry, MATLAB is
8= ool of choice for high-productnity research, development, and analysiz.

MATLAB [features a family of add-on applicatton-specific solutions called
soxss. Very important to most users of MATLAB, toolboxas allow you to leam and




6.2 MATLAB:

MATLAB is a high-performance language for technical computing Tt infegrates
computation, visualization, and programming in an casy-lo-use environment where
rroblems and solulions are expressed in familiar mathematical notation Typical uses
welude Math and computation Algorithm development Data acquisition Modeling.
smulation, and prototypmg Data analysis, exploration, and visualization Scientific and
sngimeermyg graphics Application development, including graphical user mrerface
Swldmg.

MATLAB 1s an ileractive system whose hasic data element 15 an array that does
2ot require dimensioming. This allows you to solve many technical computme problens,
=pecially those with matrix and vector formulations, in a fraction of the time it would

sake to write a program in a scalar noninteractive language such as C or Fortran.

The name MATLAB stands for matnx laboratory MATLAB was orignally
written to provide casy access to matrix software developed by the LINPACK and
EISPACK projects. Today, MATLAB engines mcorporate the LAPACK and BLAS
“braries, embedding the state of the art in software for matnx computation

MATLAE has evolved aver a period of years with input from many users In
suversity environments, it is the standard mstructional tool for introductory and
stvanced courses in mathematics, sngineenng, and science In industry, MATLAB =
e toul of choice for high-productivily research, development, and analysis.

MATLAB [eatures 2 family of add-on application-specific solutions called
wolboxes. Very important to most users of MATLAB, toolboxes allow you to leamn and

L]




apply specialized technology. Toolhoxes are comprehensive collections of MATLAR

functions (M-files) thar exrend the MATLAB environment to solve particular classes of

problems. Areas in which toolboxes are available include signal processmg, control

systems, neural nelworks, fuzzy logic. wavelets, simulation, and many others.
6.2.1 The MATLAB Sysiem

The MATLAB system cunsists of five main parts:
5.2.1.1 Development Environment:

This is the set of toals and facilities that help you use MATLAB finctions and
Hes Many of these tools are graphical user interfaces It includes the MATLAB deskiop
:d Command Window, a command history, an editor and debugyer. and browsers for
wewmg help, the workspace, files. and the search path.

52.1.2 The MATLAB Mathematical Function Library:

This is a vast collection of compulational algorithms ranging from elementary
Smctions, like sum, sine, cosine, and complex arthmetic, o more sophisticated
Smctions like matnx mverse, matrix eigenvalues, Bessel functions, and fast Fourier
sransforms.

5.2.1.3 The MATLAB Language:

This is & high-level matrix/array language with control flow statements. functions,

Ssta structures, input/output, and object-oriented programming faatures. It allows both




“programuning in the small” to rapidly create quick and dirty throw-away programs, and
“programming in the large" to create large and complex applieation programs.

6.2.1.4 Graphics:

MATLAB has extensive facilities for displaving vectors and matrices as graphs, as
well as annotating and printing these graphs. Tt includes high-leval functions for two-
Simensional and three-dimensional data visualization, image processing, animation, and
presentation graphics 1t also includes low-level functions that allow you to fully

custormize the appearance of graphics as well as to build complete graplucal user

=terfaces on your MATLAR applications.
5.2.1.5 The MATLAB Application Program Interface (API):

This is a library that allows you to write C and Fortran programs that interaet with
MATLAB. It meludes facilitizs for calling routines from MATLAB (dynamic linking),
salling MATLAB as a computational engine, and for reading and writing MAT-files.

822 GUI(Graphical User Interface):

GUIDE, the MATLAB® Graphical User Intarface development environment

srovides a set of tools for creating graphical user mnterfaces (GUIs), These tools greatly

=mphfy the process of designing and building GUTs. You can use the GUIDE tools to'

*Lay out the GITT




Using the GUIDE Layout Editor, you can lay out & GUI easily by chicking and
Sacomg GUT components — such as panels, buttons. text fields, sliders, menus. and =0

o — mnto the lavoul ares
*Program the GUI

GUIDE automatically generates an M-file that controls how the GUT operates. The
ME5ke mnitializes the GUT and contains a framework for all the GUT callbacks — the
sommands that are executed when a user clicks a GUI component Using the M-file

#5501, you can add cods to the callbacks to perform the fimctions you want them to [12].
%.1.3 Using MATLAB in this Project:
After initiate GUI to this project it will ask the user to mpul Patient information

“2= (vears), Height (meters), Gender (Male or Female), Patient name. and Temperature
Weksius)

The program will load Two Text files that was saved by LabView and will plot
“we curves and do Processing stage as will be describe below Tn the flowchart (Figure

= 4) Matlab Sequence:
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&.1.3.1 Spirometer Caleulation:

The main lesl curves :

- Volume' Time curve.

- Flow rate /Volume curve.
Optional test:

- Change over time

2.25.1.1 Measurements made in Spirometry

SV Foreed vilal capacty,
“EV1: Forced expiratory volume in one second .
FEV1%0:Torced expiratory ratio (FRF LV 1 00

FEFR: Paak expiratory flow rate.

5.23.1.2 Cslculated parameters :

For a full assessment it necd to consider the valucs, FEVI], FVC, PEFR; calculate
e FEVI/FVC ratio, temperature correction factor | the predicted values trom the charts
=d how these compare with the measured wvalues, find the suitable diagnoss for

measured .
§.23.1.2.1 FEVI asa Percentage of FVC ( FEFLFVC )
Definition: The percent of the total ohserved FVC that 15 exhaled m the first

second (FEV1). This caleulation is uselul for detecting obsiructive disease. A person
with healthy lungs can exhale 70-80% of the FVC i the first sscond, while a person
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with airways obstruction may be able to exhale 60% or less of the FVC m the first
secand[ 13]

How to calculate:

|. Caleulate the largest acceptable FVC and FEV.

1. Divide the FEV1 by the FVC

3. Multiply the answer by 100 to obtain the percentage.

6.2.3.1.2.2 Temperature correction factor (Conversion to BTPS):

BTPS Gas (ar) al.
-Body Temperature (3 ?D[?_J
-Ambient Pressure (surrounding air pressure)

-Saturated with water vapor (relative humidity — 100% as is the cass in the lungs)

Air is at body temperature in the lungs and is saturated with waler vapor. The

=mivent

Temperature s usually much cooler and dryer, thus exhaled air contracts as it
=aves the lunes and enters a spuometer. The volume of air as recorded by most
spirometers is usually 6-10%% less than the aclual volume of air exhaled by the test
subject. The BTPS correction adjusts the measured result obtained m the spirometer to
what the volume originally was in the lmgs. In most volume spirometers, recorded
wolumes that have not been convertad are mdicated as ATPS (ambient temperature and

prassure saturated with water vapor)[13]

Temperature Correction will be as described in FlowChart (Figurs 635)
Temperature Correction:
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6.2.3.1.3 The Predicted Yalues:

A studv is made by Australian instituta —respiratory function unit, thnders medhcal
center and Universuty of Canberra, about nonsmokers sample of people to determine the
normal volumes of lung and to driven an eguation depending on ape heipght sex fo find
normal predicted values [14].

Fquations for pradicting lung funcnon from Age ((A)vrs) and Height ((H)m):

EEVL(L)- 1597 + 05552 H -001574 A~IT
FVC {L)= -3598 - DOOUZS2S4° | 4680 H
PEFR (L's) = 3364 -0026544 + 1036H°

FEF 2575% (L-s) = -556.706 + 1036012 /- 637.915 1" <« 131.013 H"
-0.02708 A*H

FEVIFVC %)= 4068039 | 071374 + 0002234 4% + TATA030 17 - 4T19018 f1°
+96TTT6 H” (06946 A= H

TFor Males:
FEVIL) = 2081+ 05846H 001399 4%

FFC (li= 12675 - 00002764 4° - 10.736 F1* + 4750 f°
PEFR (I-5) = -6099-000034254° + 9708 {1




logl0 FEF2575% (1:5) = 45707 - 0.00005695 4 + DO2SEIRH"

FEVIFFC (%) = 92963 + 0002487 A -02260A%H

6.2.3.1.3 Calenlating Threshold as percentage with respect to normal:

% Resull = [measured (read) calculated formal) ] 0%
Example
WEV 196 = FIV 1 (measured) [FFEVInormal) #100%

The lower mit of normality (T.LN) for measured %o is[15]:
PEFR = 80% Normal

EFVC % >80 % Normal

FEV1 % > 80% Normal

FEFIAVC = 802 Normal

$.2.3.1.5 Comparing normal with the measured Yalues:

Diagnosis will be As the flowchart (Figure 6.6) Diagnosis:
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6.2.3.2 Change over time:

Should be examined for two reasons:
&-To evaluate a workers response to treatment in clinical sefting
b-To screen healthy workers for excessive loss of fimction over time

Loss of FEV1 or FVC should be estimated from measurement made over a
summum 4-f vaars,

FEVI and FVC decline with age from about the med 30 on With accelaration of
the rate as aging .

The LLN for the follow up FEV is computed by taking 85% of the base line value
munus the sxpected decline over the time perivd.

As expected decline is vary as her/lus age, a constant value of 25 ml'vear is aften
recommend

Usually avargel 00 mliyear when measured (4-11) years of fallow up.

Example: mndwidual his initial FEVL is 4L would be considered to have an
sccelerated decline m FEV1 if his TEVI is below 3.15L .10 vears after the base lins
value was determined by

(035 *FEVlinitial) (years *0.025 L'vear)

(0.85*41) - (10 years*0.025 Liyear) = 315 L

Nauonal Live Prolection Association Examimation Protocol that recommend
Sprrometry testing every 3 years under age 29,2 years for people between (30 -39) [16]




And the flow chart below will describe the sequence of Change over Time m
MATLAB:

Etart

Calculate the expected valuea=
(085" FEV1 Initial}-(years"D 025)
|

End

.
Figure 6.7; Change vver time

Note: The M-file of the project will be in appendix (C')
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Chapter Seven
System Testing

This chapter demonstrates how the systam was tested: 113 divided inlo two
sections. In the first section Hardware was tested, then the system was tested finally By
taking drtferent samples then the complete system {software and hardware) testing,

7.1 Hardware Testing:

At this testing Transmitting (LED35C) & Receiving (Photolransistor) Devices was
Tested. Tn this part we usc Digital Multi meter to measure the vollage at the output of
photo transistor when applying +5 V on the led and phototransistor and make them line
msight and zero voli if we cut the line between them. as seen in the Fipure 7.1.

. .

ﬂ-nmmi :
hlt

F:gur'r. T1LEDSSC & Phﬂtmtr,answtm' test circuil

" lI- ifiill
X v as-t,al‘p

-

--.--...,




7.2 System Testing

Far testing the device we first use Calibralion syringe for cabbration, secondly we

do many tests on different Volunteers and at the same Lme same Volunteers do it in

Al-Ahli Hospital and by comparing two results we find the they are the sama. And

below there samples of tests we do:

7.2.1  This results for Majed (Male) whosea nge is 25 | Height is 1,95 m, at 22 C*

Room temperature.

[5.53R2

| vy
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12575
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ETTET
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Figure 7.2: Majad Test




7.2.Z This results for Mashhour (Male) whose ageis 23 |, Hight is | 65 m, 22 (°
Room temperature,

Figure 7.3 : Mashhour Test




7.2.3 This resulls lor Shaden (Female) whose age 1s 20 | ITight 15 1 69 m, 24 C°
Room temperaturs.

4
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Figure 7.4: Shaden Test




7.2.4 'This results for Eman (Female) whose age 15 19 . Hightis 1.75 m, 24 C°

Room temperature.
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Figure 7.5: Cman Test




7.2.5 Change over Time Testing:

Tn this tesl we find Expected Value to 3.81 FEV] mitial after 5 yaers

l Figure 7.6 Change Over Time
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Chapter Eight

Conclusions and Future Works

Ths ¢ r describes the most important results which were concludad through
constructing this design and discussing the problems which would be faced whether by
hardware or sottwara, Also some future studics will be discussed on the same device to
develop it Since this device become one of the devices which should be available in all
hospitals and clinics.

8.1 Conclusions

O This projact is a pood example for the ability to convert the hardware medical
devices into software system.

This Project has low cost

Less problems.

This device has the ability to give indication if there 15 respirstion or not
Lung capacity and Flow rate can be deterrmnad using this device.

CQ O 00 C

MATLAB und Labview programs are very strong programs and can do different

processing stages.

O

Frequency result from the test very high and need sansitive device to measure it.
Turhine plates are very small and current intensity must be high 1o be suitable
with turbing plates.

O High sampling rate using DAQ.

O Helps doctors to make tests in any place by using il on portable PC.

Q This device can help 1o detarmine if the person is ill or not.

O

&7




8.2 problems

8.2.1 Hardware problems:

Although the role of spirometry equipment in the transmission of infections has
not bean conclusively documented, the mouthpiece, tubing, and other air spaces in &
spirometer can provide a warm, moist environment favorable to the growth and
sransmission of disease-causme micraorganisms. Manufacturers have offered bacterial
filters, one-wav airflow, and disposable components. For additional protection, gloves
should be used for equipment handling and disinfection or stenlizing protocel should be
implemented and documanted Tlospitals should also consider a separate room for
infectious patients and a testing room to assess cquipment cleanliness to prevent cross-

contamination,

%.2.2 Seftware prohlems:

Computer software can be a significant source of error, and suppliers should be
shle to document the accuracy of all soltware, especially for units whose wavelornn
srintouts are nol appropriate for manual caleulations. Tn addition, operator’s manuals
should include all alporithms used to caleulate cach parameter

Using LABVIEW Version was not complete m University PC's then it was not

helpful in this project for processing stage, for that MATLADB was the program that
used

B




5.3 Future works:

The rescarches and studics are advancing these days to develop this device, to
make it analvsis the pascs out of the lungs, find the pollution percentage. types of these

eases and diagnostic the lung states and the damages.
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Appendix (A)

American Thoracic Society (ATS) guidelines

American Thoracic Society (AL'S) provides the [ollowing guidelines for mancuver
performance:

FVC

* Minimum of 3 acceptable hlows

= A rapid starl is essential: this is defined as a back-extrapolated volume of <5% of FVC
or .15 L, whichever 15 greater (See Figure 4)

* Al least 6 second expiration

* End of test - no chanpe in volume for at least | second after exhalation time of 6
seconds; or FET =13 seconds; or stopped for chinical reasons

= Spirometer temperature between 17 and 40 degrees Celsius: measurs spirometes
temperature to ong degree Celsius

» Use of nose clip is encouraged

s Sithng or standing

= Reproducibility: the highest and secand highest FVC should agree fo wittun 0.21L
* Largest VC or FVC 1s recorded




FEV1

» As for EVC

» Take largest FEV] even if not from the same curve as the best FVC

= "Zero ime" determned by back-extrapolation - extrapolated volume should be <5% of
FVC or 015 litarg,

whichever is preatest (Ficure 4)

» Smooth, repid take off with no: hesitation, cough, leak. tongue obstruction, glottis
closure, valsalva or carly

termination

* Reproducibihity: the highest and second mghest FEV1 should agree to within 0 21

FEF25-75% and Expiratory Flows
* Trrom the single Spiro gram with the largest sum of FEV1 + FVC

PEF (Using a peak flow meter)

« Minimum of 3 acceptable blows
+ Standing position is preferred

» Nose clip not necessary

« Na cough

= Blow duration 1 to 2 seconds
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Appendix B

Predicted Normal Values

The use of o fixed percent ol predicted (eg 80%) to dafine the lower limit of normal is
widespread despite being shown to be statistically invalid A more appropnate approach
15 based on the use of the rasidual standard deviation (RSD) from regression analyses

(2.2 FEV1 versus Ape) but this is anly possible if the survey population data ars
normally distributed for subjects of all ages and heights. The addition or subiraction of
1.64 times the RSD from the mean pradicted value results in an upper or lower linut of
normality with a confidence level such that 95% of the subjects m the survey lic above
tha lower limit. [f the population data is not normally distributed then the 95th percentile
may be used This represents the pownt at which 95% of the normal population falls
Lower limits of normal are also given at the 95th percentile




Mean Predicted Normal Values equations :

Table 2. ~ Equations for predicting lung function from age (yrs) and height (m)

Viriable Eaquation ND Constant
p-value (3

Femles
FEVI L | 1507 ¢ 03550 B - nis74 AH () h (1 360
AC L 3508 - (0002325 A2 + 4680 H 013 (1629
PEFR Ls! 1364 - 002650 A + 1036 H 043 190
FEFs.7% Ll 556706 + 1B6012 H - 637715 HF 032 13
+ 3101 HY - 002708 AH
FEVIFFYC % JOR8 M0 £ 07107 A + 0002234 AT 45 filh
$7R7S 030 H - 4719018 HE + 967776 HP
00dh AH

Males

FEVI 1 2081 + 05846 B - 001599 AH (150
FVC L J2673 - 00276 AF - (T3 HE + 4700 036
PEFR L 6000 - DOKAS A7 + 9706 H 0196
log, FEFsass Lst 05707 - (LODIISA3 A% + 0025818 1P 044
FENIFVC &% 02053 + (002487 A° - 0.2260 AH 086




BTPS CONVERSION CHART
FACTORS FOR CONVERTING VOLUMES FROM
AMBIENT OR SPIROMETER TEMPERATURE TO BTPS

Gas Temperature Conversion

oF oC Factor
64 13 1114
b6 19 1.111
68 0 1.102
0 21 1.0Y96
72 22 1.091
73 23 1.085
75 24 1.080
T 25 10758
79 26 1.068
81 17 1.063
82 28 1057
84 29 1,051
86 30 1.5
58 3 1.039
90 32 1.032
9] 33 1.026
93 34 1.020
95 33 1.014
a7 36 1.007
99 7 1.000




Appendix (C)

100




Appendix C

M file for spirometer calculation and graphical user interface

“uncton varargout = prol (vararging
© % PRO1 M-fila tar orol fig
% PRO1, by itself, creates a new PROY or raises the existing
singheton”.

H = PRO1 retums the handle to a aew PR or the handle o
e sxisting singlston®.

FROT [ 'CALLBACK hOpect eventDiata handies...] calls the local
function namad CALLBACK in PROT M with the givan input arguments

PRCY {'Praperty’'Value'. ) creates s new PROY or raizes the

applisd 1o lhe GUI befors prol _ OpeningFuncton gels callsd, An
unreeognized progerty name or invalid value makes property application

stop. All inputs are passed o pol_ Openinghon via vam@mgin.

*See GUI Opbans of GUIDE's Tecls many, Choosa "GUI allows énly ane
instance forun: { singletor) "

o
%
1
%
o
%
o
%
e
% existing singleton”. Starting fram the |sft, prooerty value pairs are
e
o
%
%
%
g
B
%

See alsor GUIDE, GUIDATA, GUIHANDLES

% Copyrght 2002-2003 The MathWarks, Inc

% Edil the above lextio madify the respanse o help pro?




B Last Modified by GUIDEVE 5 17-May-2007 02:61:42

5% Begin initialization code - DO NOT EDIT

gui_Singlaton = 1:

gui State = struct [ Qul  Mame’, mifilename, ...
‘gul_Singletorn’, gui Singletan, ..
‘gui_ OpeningFon’, @pro1  CpeningFen. ...
‘gui OutputFon’, @prol_ OutputFen, .
‘sul LayoutFen'. I, ..

Ul Callback’, [

it nargin && jschar (varargin {1} |

gui_State guiCallback = str2func (varargin {1} ) !

B

and

i nargout
[warargout { 1 narmgaull ]=gui_mainfen {(gui State, varargin {3 ) ;
glsa
gui_mainfen {gul State, varargin {3 |
end
% End initalization code - DO NOT EDIT

% — Executes just hefore pro’ Is made visible

unction prot__ OpeningFon ( hObjsct, eventdata, handies, varargin)
% This function has no autpul angs, see Dutoutkon

Y% hObject handle tafigure

T eventdatd regerved - td be defined in 8 fulure varsion of MATLAB
% handies  siroctura witn handies and user da@  (sec GUIDATA)
% varamgin command ling arguments to prol  {see VARARGIN

% Chonssa default command line output for pro’
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handles.culput = AOBject;

% Update handles structura
guidata (hObject. handies) |

% UIWAIT makes prot wait for user response | see UIRESUME

U uiwait ( handles iguret)

% — Outputs fram this function are retymed o the command lina
function varargout = pro1_ OutpulFon ( hObject, eventdata, handles)
% varangout ¢zl array for retuming outout args [ ses VARARCZOUT
% hObjet  handle tofigurs

“ avantdata reserved - 16 ba defined In & filure versen of MATLAE

% handles  structure with mandles and user dats {see GUIDATA)

% Get default aommsnd lihe o itput fram handles sruciure

varargout { 1) = handles outout:

s~ Executes on butlon gress in pushibution

function varargout =pushbution  Calloack { nObject, eventdata, handles)
%o hObject  handle to pasheUion {22 GCBO)

% evantdata reservad - to be defined in a future version of MATLAR
% hamdles  shucture with handies and user dat [ 2ee GUIDATA)
“%geling age High!, Temprsture |1 numerical form

N=get ( handles.edit! Sinnpy

A=strZnum (get ( handles.edit2, 5t1g) ) ;

H=strZnum (get ( handles aditd 'S+ T bl

T=st2num ( gat fhﬂﬂdi&ﬁ.&ditﬁ,'ﬂfrll'ﬁj] 1

“grting age Hight Tempreture in numerica: form

G=get | handies.oopupmenut, Valus)
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%lsa aquations to gat ideal values for bath mall and femaie,
swilch (G}
% 1 s Mail
case 1
FVCp = (12.675- (0.0002764°A/2) - (10736°H*2) + (4750°H 3) )
FEV1p= {2.081+0.5846™H ~3-0.01589*AH) .
FEVAFVCE = ( 32.963+0.002487A "20 2260"A'H)

% 2 s Famale

case 2

FVCp= [ 3.598-0.0002525"A *2+4 680°H) ;

FEVip= E1_59?+ﬂ_5552"H.“3-U.[]15?4'A"HJ r

FEV1FVCp= (-4DE8.039+0.7137-A+0.002234 A "2+ T675.039"H-
4719.018 "H.A2+967.776"H #3-0 6646 AH)

end

“=Display ideal values

sal [ nandles.edits, Sring ,FVCH)

sat [ nandles edils, S0 FEVIR)

set (handles edii?,'Siring ,FEVIFVCH)

Selomding Valuma texd file
a=dimread [ 12517 9]
b=dimread {'testl &)
d=h/2485:
PEF=max (d) |
g=d (100) ;

r=d (300) :

FEF=g-r;



t1=linspace (0,2.5,1500) ;

c=ald00;

FWC=max (¢ ;

EEV1=c [BOO) :

FEVO5=c [300) ;

FEVipsrcantage= (FEVI/FVC) "100;
FEVDSnercentage= ( FEVOS/FVC) ™100;
axes [ handles.axes1)

plot (1.6

axis ([0 6 O 10}

title {"Voluma Time Curve)

wlabel { Time (Seq § ;

ylabel ( “Volume (L3 3 :

S Tampraiure Efect

f T>=18 &T<=45
if T==20
FVC=FVC=1.114;
FEVI=FEV1*1.114:
FEV1 percentage=FEViparcantage™ . 114;

aizaif T=<=28
FVC=FVC™ .096;
FEVi=FEV1"1.098,
FEV1percentage=FEViparcentage™ 096;

plse® T =38
EVC=FVC*1.051;
FEM1=EEV1"1.051;
FEV1percantage=FEV 1 percentage™1.051;




alse
FVC=FVC*1:
FEVI=FEV1*1;
FEV1percentage=FEV1percentage™ |
end

- end

sat ( handles edits, Sting FVC)

sol [ handies.editd, =g FEVOS)

set (handlesedit10, 'St ing FEVY)

set ( handiesedit!l JSuing FEVDSpercentags)
‘gst ( handles edit12, String FEV1parcentage)
WDisplay Results

RFEVT %

FEV1FEV1p= (FEVI/FEVip) “100;

WFEVCH

FYCFVCp= { FYC/FVCE 100;

WFEViper.

FEV1per= (FEVipercaniagaFEV1FVCp) *100:

set (handles.edit13, Suing FEVIFEV1p)
set ( handles.edit14,'Strina FVCHVCE)

sat (nendles.edit1s, Sinng’ FEVIpen

save (N FUCTFEVY [FEV1 garcantage’ FEVIFEVA, FVCFVCD'PEFFEF)

%eDnagnosis

i EEV1 percentage >= 80
sat { handlegeditt6, String’, na abstructve tisease’




it FWVCFVCp == 80
sat { handles.edit17.'Sting’, na esirucive diseass)

elself FYCFVCp >= 50

set { handlesaditt7 'String' Restructive)
gige

sel ( handles edit] 7, 'String’ 'saver Restructive)
end

elsall  FEVY1percentage == 40
set ( handles.edit16,'Strng’, Obstructve)
TFVCFVCp <= H0
sat ( handles edit17, String', mxed Onstructiva & restructive)
Elze
st (handles.edit!7, 'String’,no mixed Dbstructve & mstrictive)
end
gt
refurn;

function edit1_ Galback ( hObject, eventdata, handles

% hOblect nandleto adild [see GCBOY

“seventdata resarved - to be defined in a future version of MATLAE
" handies  struclure with handles and usar data [ see SUIDATA)

% Hints: got { hObjecl'String)  retumns contents of edil! as laxt
% strZdaunle (gel [ hObject Shing) ) retumns contents ofedit] as g double

% — Executes during obiect creation, after setting all proparfies

function edit!__CreateFen ( hObjest, eventdata, nandles)

“ ROCbjecl Randle to edit1 {see GCEO)

% eventdata reserved - o be defined In a future version of MATLAR

% handies  empty - handies nol created until after all CreataFons called
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*h Hink adit controls usually have a white backgraund an Windaws.
Ya Sae |SPC and COMPUTER,
T ispe && isequal (get ( hObject, BackgoundCalor] |
get (0 'defaultllicentrolBackground Calor) )
set { hDbject BackgmoundCalar winte) ;

endg

funciian edil2 Callback { hObject, eventdata, handias)
% hOhbject handle o edil2 (see GCEO) l
% avenidala ressrved - ta be defined in a fulure version of MATLAR

% handias  structure with nandies and user dala [ ges GUIDATA)

% Hints: get ( hObject'String)  retums contents of edit2 as text

e slr2double [ get ( hObject 'String) | retums contents of edit? as a3 double

o Exesules during object creation, after setting all propertios.
function edit2 CreateFen ( hObject. eventdata, handles)

% hObiect handle to edil2 (see GCBY)

% aventdata reserved - to be defined in a fulure version of MATLAR

%o handles | empty - haadies net crested unll alter all CreateFans o5llad

% Hint: edit controls usually have & white sacwgmound an Windows
% Sea ISPC and COMPUTER
f ispc B& isequal (get (hObject BackgmunsdCalar) |
qel { 0, defaultUicontreBackground Colar). 3
set [ hObject, 'BackgroundColar', 'white) -
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end

function edit2__Calloack ( hObject, eventdata, handies)

% hObject handie o edit3 (ses GCRO

% eventdala reserved - ko be defned In & future version of MATLABE

% handies struciure with handies and userdata {sea GUIDATA) '

% Hinta: gat { "Object 'String)  retums contents of edit3 as taxt
% st=2doubie (get ( hObjeat 'String) )}  returns contents of edit3 as a double

% — Execules durng object creation, after safting all propertias,
function edits _ CreateFen ( hObject, eventdata. handies)

% hObject handle to edit3 (see GCEO)

% eventdata ressrvad - o be defined In a future varsion of MATLAB

% handles  emply - handies not areated untl afie- all CreateFcas called

% Hint: edit controls usually have a white background on Windows.
% See ISPC and COMPUTER,
T ispc && isequal (get (hObject, BackaroundCaolor) |
get ( 0, defaulillicontrolBackground Calery )
sel [ hObject BackgrouncdCalor ‘'white
end

function editd  Callback ( hObject, evantdata, handles)
" hObjast  nandie to pditd | see GEBO)
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% avantdala reserved - ta be defined in a fulure version 6f MATLAR
% handles  structure with handles and bserdam (ss= GUIDATA)

% Hints: get { hObject,'Sting)  retums contents of aditd as taxt
% sirZzdouble ( get { hObjest Sting’) ) returns contents of editd as a double

W --- Executes during cbject creation, after selting all properties.
function editd _CreateFon ( hObjact, eventdata, handles)

% hObiest handle to editd (see GCBQ)

% aventdata reserved - to oe defined in a future varsion of MATLAB

% handies empty - handies not created unlil afler al CrealeFons called

% Hink edit controls ususlly have a while background on Windows.
%  See|SPCand COMPUTER
fispc && isequal (get [ hObject, BackgroundCoor)
get (0, 'defauitllicantrelBackgraundColar) ) |
set ( hObject BackgroundColor,white

end

¢, — Exscutes an selection change in popuprmenut.

function popupmenul_ Callback (hObject, eventiata, handies)

T hOblect  handle © popupmenut [ see GCROY)

% avenidala reserved - to be defined in 8 future versian of MATLAB
% handles  strugture with handles and userdata (seo GUIDATA

% Hints: contents = get ( nObject String’)  retums popupmenu’ contents as cell array
Y centents (get (hObeet.Valueh | retums selecied item from popupmenu’

110




%% — Execules durng object creatian, after =efing all propertes.

function pepupmenut_ CreateFen ( hObjact, eventdata, handies)

% nidbject  napdie te popupmenut (see GCAD)

% evanidala resenved - to be defined in a future version of MATLAB

% handies  empty - handles not created until after all Createlons called

% Hint: popapmenu controls usvally have a wnite backgreund on Windows.
%  SeelSPC and COMPUTER
Tispe &% isequal {get [ hObject BackgmundCalns) |
get { 0, nefautlicontrolBackgroundCoko?) )
se! ( hObject, BackgroundColar, white)

and

funchion editi_Callback [ hObject, eventdata, handies

% hObject  handle to editS (see GCEO)

% evenidata reserved - to he defined (n a future version af MATLAB
% handles  structura with handles and user dats { ses GUIDATA

% Hints: get { hObject,'String)  retums contents of adits as text
% swr2deuble (get (hObject,Sking’ | raturns cantents of edit5 as a double

% - Exacutes during ehjec! creation, aftier selling all propedies.
function edith  CreateFcn ( hObject, eventdata, handles)

" hObject  handie o edith {see GCBO)

% eventdata reserved - to be defined in a future version of MATLAB

% handles emply - handles not ereated uniil after all CreateFons calied
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5% Hint: edit contrals usually have a white background on Windows.
% E=a ISPC and COMPUTER.
if ispc B& Isequal (get { hObjeet 'BackgroundCaler] |
get (0. defaultUicontrolBackgroundColor) )
sat { hObject'SazkgroundCalo” 'white) ;
end

function edit6 Callback (hObject, eventdata, handles]

% hObject  handle to adite ( sze GCBO)

% eventdata resarved - to be defined m a futuse varsion of MATLAS
% handies  structure with nandies end userdate (ses GUIDATA)

% Hints: get { hObject,'String)  retums canlents of aditf as text
% str2double (get [(WDbect/'Sting) ) returns contents of edité as a double

% — Executes during object creation, after ssifing all properhies.
funclon editf_CreateFen ( hDbiect, eventdata, handles)

% hObject handetoeditt (see GCBO)

% sventdata reserved - o be defined in & future version of MATLAB

% handles empty - handes not created untl after all CreateFcns called

% Hint: edit controls usually nave a white background an Windows.
Yo Sag ISPC and COMPUTER.

if ispc && isaqual (get { hObject, BacwgroundColor) |,

gat (D, defaultlicontralBackground Color) )
set ( hObject, BackgroundCalor', white) -




function edit? _Callback { hObject, eventdata, handles)

% hObjeel handie to editT [ sae GCBO)

¥ avantdala reserved - 10 be defined in 3 future version of MATLAE
b handles  soucture with handies and userdata (ssa GUIDATA)

% Hinis: get ( hOhjest 'Sting)  relurns conlents of edil7 as lext
b strZdoudie (get { hObject’Siring) ) retums contents of edit? as a double

% — Execules during cbject creation, aftar satting sll proparties.
functon edit?_CreateFen ( hOpject, eventdata, handias)

% hObject hapdie to edil? [(z2e GCBO)

% aventdata reserved - In be defined ina fulure viarsion of MATLAB

% handles emply - handies naol created unlil afler all CreateFens called

n Hink adit controls asually have a white Backgmund on Windows.
! Sze ISPC and COMPUTER
if ispc && isequal (get ( hObject, BackomundCoen) |,
get {0, defaulllicontrolBackgraund Colar). )
set ( hObjecl, BackgrmoundCoior, white)
and

funchion edit8  Callback (hObject aventdata, handlas)
% hOvject handle to sdiB { see GCBO)




% eventdata reserved - 1o be defined in a8 future version of MATI AR

% handles  struchure with handles and user data cEes GUIDATA

% Hints: get ( hObject'String)  returns contents of editB as text
- strédouble (get ( hObjectString) ) retums contents of editB as a double

% — Executes during chject craation, sftar salting all properties.
function editd_ CreateFen ( hObject, eventdata, handles)

% hObject  handle toedit8 (see GOBO)

% eventdata ressrvad - to be defined in a fitura version of MATLAB

% handles emnly - handles not created until after all CreateFcns galled

% Hint: edit controis usually have a white background an Windows
%  Ses |SPC and COMPUTER
“isoc B& issqual (get (hObject, CackgmundSaloy
gel {0, 'defauitllicontralBackgroundCalar) )
a8t ( hObject, BackgreundColor' 'white)

end

function edit9_ Callback [ nObject, eventdala, handlas)

% hObject handie ko editd { see GCBO)

% eventdala reserved - o be dafined in a future version of MATLAR
% mandies  shruclure with nandles and user daks {see GUIDATA)

f Hints: got (hObject 'Sting)  matums contents of edits as taxt
% strZdounie {get { hObjest'String) ) retums contents of edith as a double
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% — Executes durng object creation, after setting all properies.
function edit9 _CreateFen ( hObjact, eventdata, handles)

% hObjeel  handle to aditS {sse GCBO)

% eventtatE reservad - to be defined In a future version of MATLAB

% handies emply - handies aol ereated unt) after 4|l CreateFens called

% Hint: edit controls usually have a while backgraund on Windows.
" Sae SPC and COMPUTER,
il ispe && isequal (get (hObject, Backa mundColor) |
get (0, defaultUicantmiBackgraund Colar) )
sat ( hObjeel, BackgroundCoiar' whie) :

and

function edit10_ Callback ( hObject, eventdata, handies)

% hObject  handle o edit10 (2es GCBO)

% eventdata resarved - tobe dafined in a future version of MATLAR
o handies  siructure with handies and user detl (see GUIDATA)

% Hints: gl (hObyeel,'String?  reluma contents of sdit10 as text
a siiZdeunie (get (hObject 'Siring) ) retumns contents of edit0 as a doubls

% — Executss during object creation, Aftar satling all properbies.
function edit10_ CrealeFon { hObect, evantdata, handles)

% hObject handle to edit10 (see GCBO)

% eventdats reserved - o be defined in g future vession of MATLAR

% handles empty - handies not created until ater 8l CreateFenz called
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% Hint: edit controls usually have a white background on Windows,
B See |SPC and COMPUTER
i ispc && isequal (get (hObject, BackgroundColor)
get (0, defaulll) conirelBackgrmundCotar) )
st [ hObject BackgmundCoior, white), |
gno

function editi1__Callback (hQbject, eventdata, handles)

% hObjest hande toedlt (ses GEBO,

o avenldals resarved - o be defined in a fulure version of MATLAR
% handles structure with handies and user cata (see GUIDATA)

% Hints. gt { hObjact,'String)  retumns contents of adit! 1 as text
% str2double [ gel (hObjecl,Stiing) ) rehurns contants of edit11 as 2 double

¥ — Exaculos during object creation, after saetting all aroparties.
function editt1__CreateFen (hObject aventdata, handles)

% hObject handle to edit11 { aee GCBOY

o eyentdela regorved - to be defined in-a fulure version of MATLAR

4 hardies  emply - handles notcreated until after all CreateFens called

5 Hint: adit contrals usually have a white backaraund on Windows.
& See ISPC and COMPUTER
If Ispe: && isequal {get { hObject, BackamunaColor)
get [0, defauliliconseiBackgroundColory )
st [hObleet BackgroundCokr, white) |
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end

function edif12__ Callback ( hObject, eventdata, handlas)

S nlDbject nandieto sdill? [ses GCEO)

% eventdala reserved - to be defined in a future version of MATLAD
% handies  siuclure with handles and user dala [ see GUIDATA)

% Hints: get { hObject ‘String)  retums contents of edit12 as text
o str2double {get ("Obect 'Sring) | retums contents of edit12 as a doubie

% —- Exacutes during cbject creation, aftar =eHing all praperding

functon edil1Z _ CreateFen ( hObject, eventdata, handles)

% hObject handle to adit12 (see GCAD)

e eventdata reserved - to be defined in a future version of MATLAB

% handles amply - handies not created until after all CreateFens callad

T Hint: edit controls usually have 2 white background on Wndows.
%  SaelSPCand COMPUTER.
fispe && Isequal (get { hObject, BackgroundColor) |
get{ 0, defaulitlicontrolBackgroundColar) §
sat ( hObject, BackgroundColor, white)
end
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functian edit13_ Caliback ( hObject, eventdata, handles)

%% hObject handle o edil13 (sss GCBO)

% eyentdats reserved - Ia be defined in 3 fulura version of MATLAB
% nendlss  structure with handles and user data ( see GUIDATA]

% Hints: gel { hObjec'Slring’)  felums contents af edit13 as tex
% strZdouble (get (hOpject 'Strng) 1 retumns contents of editt3 as a double

" — Exsoutes during oblect creaton, after sating all properties.
functon edit1l_ CreataFen [ hObject, evenidata, handles)

% hDsject hande o =di?d (see GCBO)

Yu-avaritdata resanead - to be dafingd ina fulure verson of MATLAB

% handles  emply - heandles nat created untll after 8l CreateFons called

% Hint! edit continls usially have a white background on Windows.
%  See SPCand COMPUTER.
i ispe && isequal {get { hDbject BackgroundSalor) |
get { 0. defauitlicontralBackground Calar) )
getb{ hl.',]hject"Ehﬂ_tl-:gmunﬂ{_‘.nhnr',‘while} 4

end

functon edit1d Callback (hDbjecl, eventdata, handles)

% hObject hapdie o ediid (ses GCBLY

% eventoata reserved - to be defined in a future version of MATLAG
% handies  structure with handies and user data ( see GUIDATA)

% Hints: get [ hObect,'String)  returns contents of adit14 as text
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% strzdouble {get (hObject 'Sirng? 1 retums contenis of editld as a doubie

% — Exacules during ahject creation, after setting all properlies.
function ediM4__CreateFen (hObjecdt, evenldala, handles)

¥ hObjedd  handle o edit’d [sas GEBRDY

% evankiala ressrved - o be defined In a fuhire version of MATLAR

% handles samaty - handles nol created until after all CreateFons calied

% Hint-adit controls usually have's white backgmound on Windaws.,
%  See iSPC and COMPUTER.
if ispc && isequal {get { hObject, BackgrounoCoier) |
gat (0, defauitlicontrolBackgreund Golor) )
sat | nObject BachgroundColor, 'whita] |
gnd

funclion editls  Callback ( hObject, eventdata, handles)

% hlbject nandle loedit1s | ses GCBO)

e eventdata: reserved - to be defnied in a future version of MATLAR
Tt handles  structure witn nandies and user dala | { see GUIDATAY

% Hints: get (hObject.'String)  returns contents of edit1s as ext
%o alrZdouble (gat (hObject.'Sting] | retums contents of edit15 as a doubve

% — Executes during object creation, after sefiing all propertias.
function edit's_ CreateFen ( hObject, eventdata, handies)
% hObject  handieto 2dit!s (see GCBO)




% eventdata resarved - o be defined in a fiture version af MATLAB

whandies empty - handies aal created until after all CresteFens called

Y Hink edit controls usbaily have a white backgmound en Windows
%  SeelSPC and COMPUTER
f ispc 88 isequal (get ( hObject, BackarouncCalor)
gt {0, defaulillicontrolBackgreund Calary )
set { hObjest BackgroundCalar ‘white] -

end

functon edit16__ Caliback ( hObject, eventdata, handies)
feNObjact  handle to edit1é (see GCBO)
% eventdata resarvad - to be defined in a future version of MATLAR

% handles structure with handies and usar data | see GUIDATA)

o Hinls: get ( 10bject.'Singy  returns contents of edit16 as taxt
T sir2doubie {get ( hObject 'String) 1 retums contents of edit’d as 8 double

S — Esecutes during objecl crealion, sfter selting all propariies
function editl6__ CreateFen (| hObjact, eventdata, handles)

S nObject  handle o edi1g [ see GCBO)

% eventdata reserved - to be defined n a fulure version of MATLAB

% handles empty - handles not created until after all CreateFons called

o Hint edit conlros usualy have a white background on Windows.




% SeelSPC and COMPUTER.
Tispe && isequal (gst [ hObject, BackgroundCoior) |
get { 0, 'defaultlicontralBackgroundCelor) )
set ( hObject,'BackgroundColor’, white) ;
and

functon edit7__Callback (hObject, eventdata, handies)
% hObject handie o edit1? | ses GCHEC)

% eventdata reservad - to be defined in'a future version of MATLAR
% handes  structure with handles and usardata (| ses GUIDATA)

S Hints: get ( hObjact,"String)  retumns confents of edit] T as text
o sirZdouble {gat [nDbject ' Sinng} | retums contents of editi7 as.a double

9% — Execules during objec! creation, afier setting all proparies,
funclion edit1?_CreateFen [ hObject, eventdata, handles)

% nObject handle o edit17 [ see GCBO)

% svantdata resarved - o ba dafined in a future version of MATLAE

% handles  empty - handles not craatsd unlil atter 2l CreateFons callad

% Hint edit contro's usually nave & white background an Windows.,
S Sea I6PC and COMPUTER.
if ispc && isequal (get (nObiect, BackgmundColor) |
get (0,'defaultUicontraBackgroundCalor] )
set { hObject BackgreundCalor 'white) 3
end
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% — Exepcutes on bulton press in plishhuttand

funclion varargout =pushbutton? _ Caliback (hObjact, eventidata, nandles)
% hOblect  handls ta pushbuiton? [ sse GCBO)

b eventdata resenied - o be dafined in a8 future version of MATLAS

% mandles  structurae with handies and user data {see GUIDATA)

b=dimread ('lest] 1)
g=dimread [ Test2 K1)
c=aid0d;

FVC=max (¢} ;
2=finspace [0 FVC 3000 .
d=b248

axes [ handlas axes?)

plot ( 2.d)

axis ([0 11 0 15D

titte {“Flow-Valume Curve)
xlabel { Weluma (L) ] ;
yiabal (Flow [Lised ) |
PEF=max () ;

g=d (1000 ;

r=d(300),

FEF=gr;

satthandlos edit] 9, Smneg FEF)
seiibandles edit] 8, Simne P

t=getthandlesedit], Siong 3
A=sir?mumigel(handles edit?, Steog W
H=str Znumigetthandles. edind, S ji
T=sir2num{gelfhamdles cdund, Siea7),
Gt wetthandles popupmenul, Vabie )

=witch 3]




ceae 1

PEFRp =(-6.099-0 00034255 A 219, 7042 H),
= U.5T07-0.00005695% A M= [I23R18=H ~3
v 3%

FEfp=expivy

cane 2
FEFRp=(3 364-0 02651% A 1 | 036" H.75):
FEFp= 336 70610300 L2 ¥ H-63 7 TS L A2 H 3100134 L3 002 3342 h 0
mherwyse
g A gl
L!I:lj

sol(nandles.cdnt2(), Sting PEFRp)
setthandles.edin21, 'Sy FEFp)

s={PEETEFRp™ [0,
V=(FEF/FEFp)* 100
scithandles editd 2, Sinng ' x)
setthandles edit23 Stonw v

PRl

funcnen sdit18 CallbackhOhjeet, evirtdit, humlles)

Yo lieel bl o et | R (e GO BON

Wnevenidats pesereed - 0 be delioad o o fuldre version of MATLARB
Yhandles  strueture vath handles-smd sser dasa (see GUTRAT A

¥ T petihCrhjecy, Sy’ ) renns couente of adil 18 us lex

o sirZdoubie) peithCi oo Sirme ) retems contents of odif 18 e @ doube

i mee Tiveotes durmgr obveot creation, dtter eéming all praiorties
fomoion editl ¥ CrealeFen(hObjeet eventdats handles)

YihOheer  handle iocedin ] B i{ses GCBO

o evenidatn) peserved-= o b delined g futune verson of MATLAR
¥ londles  emply - hamdles aot created unol siter all Crentelony culiud

o Him: edit sonitnels peudly nve o white background on Windows

0| see | SHC and COMPIITER

i iape &l FaequalielibObjset. 'Backaroundt oloe), getiD, defiuhil ivon s ol Rack arendCalor
‘set(pObjeot, BackaroundColod, white), ' -

end

lmetton editly CallbuckthObeet, eventdata, hendles)
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Yo hidneot  handle wo wdit] 2 (ree GOBECY
W pvenicits Tesorved - 1o 'be dafined in oo Hilire varsion of MATLALL
4 handles strogetore with han

% Hints: getfhtieat, Strna’l rolums aonslents ol gdat |9 b= fext

o str Zloubie{ pethOtece 'Strng 1) retms eomlents ol editly asa dontble
O eee Fnvpuics duz g obyedt crestion afler “.'El.ll'."'_l.il.u raperiles

Fmetion sdi19_CreatcFenfhObeet, eventdata, handliss)

G Biieet  handlete edil |8 (roe GCRID)

i evemtdaty riservedl - o be dafingd moa future version ol MATI AR
% temdles  empty - Hindles nol crealed witil dfiet all Creatalions cafled

&g Fluk; edit eonrels usially have sowhite boclkground on Windows

B Sez |SPC md COMPETTIER

F tapr R isecpaloatChObject, Faokor oundCobor  ge 0, dedaulil oo el Haske riadCalor))
set(hOeet, MckormmdColor’, whinte'):

wrid

function edit2) Callkack thOhject, eventduta, handles)

i B hpest - hundie wed g2 (see GETE0
e pverilchitn reserved - o lxe detined in & o version ol MATEAR
0 handies  strocturs with Femdlen and sar dats (gee GUIDATAL

o Thints: geihObyee, Swring’) renmms contenls ol eit2f as teg
o str2double geith et "Sirng V) 1 sturns contente of edit() a3 double

% — lisecntes durmg objeet creation, after sefting all properties,
lumetion edit?t CreatFenihiihject, eventdaa, handles)

S 0ot hande to edit20 (sse GURLY)

e oeventdaln remerved - o Dedatinsd in s falire dersion ol MATLAH

b bubdles  esaply - handles aol eroilial ikl afier-all Crentelions oolied

b Hial edil comtrols usaitiy have o white Baekpronnil oo Wiisdioms

% Lo |SPC and COMITUITER

iMispe &4 wegual (getthCigect, Tck griumdColo), gettl); defaultt eontrol Hack gromdCaline )
getChOhject, Taok aroundi”olon, white’);

s
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fmetiom edit? ] Callbackihbjeet, eventdats, bmadles)

BahiRmest  hindle looedin 2] (se GO

o evemidaly reserved 14 be defined ina Ratoee véaiom of MATLAR
Yo bandies - somenis wWith heimifles and oger dints Teee GTITA T

¥o Hinls: getdhCbjeet,' Sirng') fetarnd ¢ontents of edit? | as'tesd
1 stz Telaabilal gt 1ol el Sir ') relurns conlen e of S22 ae a double

¥n — Execties during objoet creation, sfie settivg o7l priperiies
funetion edit2]_CrenteFanthhneol, cventdata, handles)

S nlyenl handle 10 edizl | (see LCTHOY)

P evenidoin reservad - lo be deline] ima Qo gee version'sf WA TLAR
rabndles  emipiy - mundles not ereated ontil aftes all Craatel dna culled

i B edin comirole asmaliv T o wivire ookgrimmd on Windios,

) See PSP and COMTUTER

i izpe fe e reegualiye (HObject, HavkeroandColor . e delault Theanmrel D ekerammdcelory)
setthObeet, Hockproun 0o, whils':

L‘lll.]

funciion edii22 Callback et eventdsla. hamdles)
e '|:|||_-...' harklle toadit22 (se LB
% everidata regerved - 1o e e Belin w Diire versim of MA LA

e hovidles  sirnelorewith hapdle: and e disa (see GLADATA

% Mints F:_'U.hl.lbu;L 1"‘"..!I!1|:I:I: rt s odintents ol el 22 pe tex
Yo ste doulle{ e hiTgeel "Strip") retorne aantente ol Sdii22 on o diable

¥ — Exeomes durmg object oreaton, oftor sciting all jr epaties
limction edit22 CrenteFen(hihysel, eventdsta, handles)

¥ hiMyjeed  homdle to ed#22 fsoe GLHD)

S Evenidinth | resertvedt - o be defmad in = Seture version of MATT. AR
Yo hedics: empiyv - handles nol oreated Wil afeay al b O eatieFarne walled

%i Hintz-edit contrals usually hove o winte baokarolond omn Windéads

Ee See 1MPE and COMPTITER

IF o el tregualipet(hiObiect, Hackproumed oloe ™, wetd@: defanh] icomero Ba deer i e ls )
serihChyeet, BaskpronndUolor', wihiic’;
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hunction edit?3 Collback (hbes! . evenldats_ himedles)

o6 hweal | handle 0 edin23 (iee COCE0

T everitdacs reserved - (o D delined wa [uture versson of MATIATI
Yohandles  sweire with hendles and uzer dain (see GLUIDAT A

i Himta:-geahCihest, Sirma ) retims comtents of et 3 as bl
Al s 2doubleluetchCineet. Sirmp "y reurne contents of edi2 3 as o doubic

i — [ecnies durmg obijaot creation, ulls ielting ill promeT s
fomction edit23_ CreseFenthOmeel, cventdata, hendles)

% hlbhject  handle o edid3 (see CGCRLN

Yeoventdote peseved = 1o be defingd e faure version of WMATLAH
Y handlen  winpty - himilles not oreated bl after all Crentel cus called

W Fin wdil conirois usoally bove 3 white beckground vo Wimdows

b See |SPC and COMPLUTER

if spe & gl el (bDbes), BrekeroundColor™), gt de fhula L cantng ek grandCalorT)
set(hObiset, Hluckor ouediXin !, whila):

el

B oo Ewialez on bullon press mopesihaiton

luneling pushhutien® Callback{hChiecl eventdata, handles)

e tipeet  handle w pushibniion3 (spe GOBO

e eventants reservieel - o bede |.I1-|‘4| m & Fiine vermom ol MATT Fud u]
ooy strochure with hindles and e duta Gsee GLTDATA)

" — Execues on button press e pushboilons.

fuseton pushbutiemd. Callback{hCihmect, eventdziz, handles)

M hgest  handle 1o pusbtbottons ( s=e LY

Y evienidule roserved - o be defined moa Tillaie verson of MATLAB

B lomdles . sfmipiome with hapdles angd veer Jom {see GLTIIATAY

WGC anrma datn 16 Text files and in the User int=lnee
dlmveriteMeat 1 180 1Y,

dimwrite{tea T 5 []x

exestlmndles anes 2y

gl
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axes{handlesones=] )
plal{i.0}
setihandles.edil, Siro ")
set(handles sdit?, Strnp’, 7y
setihandleswdl3, Sumg’ 7
setihandlecaditd S e’
rel{hamdles. adits. Strmge’, |
sat{bm‘:dim.udjtir,": AHTTTE 0
set(hondles el 7 5 m e,
sefihandles_ editB,' Sl
stlhundles edit® Siring, )
setthandles edit 10 i’y
set(Biandles.ednl 1, Sammp ')
sotthandles.edn 125 tmmg )
selthandles edit]3, “inn 251
setibandles adit1d Sione ")
sil(bundles edit]5, Sinog ™)
setthandlea sl 16 Srm )
selthandles edet] 7, String, N
sol(handles edit |8, 5 one, )
setfhandleg et 12 S inns )
set(hatidles edt2, St
set(handles edit21 Sian gl
sel(tumdles edit22 'S ina )
setthandlos edit23 S0 ing ")

M File for change overtime calculation :

funccieon Yarargout = Change (varargino)
b CHANGE M-file for Change.fig

% CHANGE, by ditself, creared & new THAWOE or raipes the wxiasting
- gingleton _

¥ £ = CHANGE returos the handle To-a new CHEANGE or the bandle fo

L the existing minzleton®,

3>

¥ :'_'r'_-‘-.!.'GE:'ﬂb.T.‘.,nnC!{',hl'ije--rt eventista , handlen, ...) calles the local
¥ function named CALLBACK in CHANGE .M with the given inpulb

ﬂ.I.'-:-"J.=I.'.£.-'IT.=.
i “HANGE | 'Property', 'Value', .. .| <cIeatee a pew CHANGE or ralses

exipgeing singleton*. Etarting from the left, property vaiue
¥
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% applied to the ST befora Change OpeningPunction gets cailed.

AN

L

applicatian

(s

unreceglized properly nams or invalid valve makss

ProperLy

E atop. A1l inputs ars pasesd Eo Changs Openingfon wvia varargin.
E

¥ *Hes GUI Opbtions on GUIDE's Toolw menu, Chooae "SUT allows conly
one

L] instance to run (singleron)"

E

¥ Be2 alaoc: GUIDE, GUIbaThs, SUTHANDLES

¥ .Copyright 3002-2003 The WMathWarks, Inc

o

Edit the ahove *ext

to modify the respoase to help Clange

¥ Last Modiiled by GUICE v2.5 13 -Mav-2007 3D:18:59

¥ Begin initialigacien code - Do WOT ERIT

gui Singleton = -

gui_Etate = Btructi'gqul Hame', mfilename, ..,
"gui singleton', ogul Singlekon, ...

gu- _OpecincFen', @Change CpeningPfon, ...
"gul OutpntFon aCharge OubputPeon, ...
Ygul TayoutPen', T1 .
‘oud Callback';
1% margin && ischar|varargin{1})
gui_Stake.gui Callback - str2func|varargin{i));
end

if mareout
[varargoot{l:nargout}] = gui_mainfonigui State, varargin{:));
elae
gui mainfcn(gui_State, wvarargin(:)):

and
¥ Erud initialdization ecods DO NOT EDIT
* -—- BExecutes jusl before Change is made visibile.

function Change OperningFexz(hObject, eventdata, handles, varargin)

* Thia Function has 2o output args, see SutpubFen

% hobject handla tao fdgurs

¥ sventdate Tegerved - En bhe defined In a Fetusa verplogn of MATLAL
£ handlen structure with hamiles and user data [see GUIDATR)

¥ warargin comuiand lice asgumentes to Change (see VARARGIN)

¥ Chooge default command line ocutput for Change
hobjeckt

handlea. outpuk =




% Update bBandles sirucbare
guidata (hobject, bandles);

¥ UIWAIT mekes Changs wsilt for waer r=sponae  [(ese UTRESUHE
3 uilwait (handles.figurel)

¥ utputs from thie Zupction arve retuined to the scnmand lips
funetion Varargoub = Changa_putput?nn:hﬂhjezt, sventdata, handles)
* varargout <cell mrray for raturnins output asoe |ase VARARGOUT -
¥ hobimct handle to Eigure

Loaventdata Teserved Eg be defined In'a [uture version of MATLAR
¥ handles stTucturs with handlee and user data [gas SUTDATE)

t Get default command line output from handles sfruccure
varargout{1] = handles.output:

function editl_Callback (hObject, eventdata, handleg)
¥ hobiject handle co adicl [@aa: GCRO
« evantdata reserved =

¥ handles sEructure with

& a8 future version of MATLAS
uger dats (sec GULIDATA)

Hinzsq contents of edikl as Cexs

ing']} Teturne vontents of editl

a double

¥ --- Bxecutes durxing object creatiom, after setting all properties.
function sditl CreateFod(hObject, eventdata, handles)

¥ hobjeacr Hamdle £ edicl pEs SORO!

£ eventdata regarved — to be defipged in a fusture véersion of MATLAH
handles EMRELY bEandles got cr=ated untll after zll CreatefFcns

called

¥ Hint: =dit contzols usually have a white Dackground on Windows

i See ISPC and COMPUTIR.

if depo &k isequal iget {hObject, ' JackaroundColezr '],

get (0, 'defauclitilicontrol Backgroundde by
it |

gat (BOh{ect
end

undCalaor® "y

furneeion edit? Callback (hGbjeot, sventdata, bhandlea)

¥ hdbject hamale to edic? [aea GCRD;
¥ oeaventdata ryaparved - to be defiped 1n Lure version of MATLAB
t handles Sgiructere with handles and uper dstz (Bes GUIDATA)
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Y Bintas: gmt i SEring!) ¥eburns contents of edika as text

* sLridouble (get (BOhject. "Sering’ returns contente of edifs =an
a double

§ ixecutss during chject creation, after getting all nrooertiss.
functien edit C*eaLchnihGhjEtt evencdata, handlesg)

IBEer Eo=

E hDbhiast hand | E

¥ sventdata ressrvad defioed Lo & feturs version of MATLAR
* handles EmPEY ks 10 creatad wntll after all

called

' ‘Hink: edii controls neauslly have s wH{ta Backaround on Hindowsa

' S¢c 152PC and COMEUTHR.

1f iupc E& iz qua,igetlhﬂbﬂcct Jroundcolor ],

get (0, 'default cxbtrolBatkqgre T ¥

eet IhD}:l Er:l: 'Baskgroundcoler!, 'white")

end

function adit3_Callback(hobject, evﬂnrdata, hazdlea)

1 hohect h=ndle ta a3{F3 (goe GI

& sventcds reEerved to be definegd

¥ handles slructura with handless and

5 HBxecules during chiect creatior fter eatting all propexties.
:dit; Lr:atr?rn'hohject handles)

handle

regarved future version
ampt Y o | stter all

¥ Hint: edit controls usually Raye a whits backgrournd on Windows

1 Ses THPC and COMPUTER
if iepc && isequal get::ﬂhjcca & o
get (0, 'dafaulclicont rolBackgrou
Betl_nﬂbject, Rackoz 1l ¥

end
] Exacutss on bukten press in pushbutteopil
funcrion poghbutbonl Pallhack{nnh]ert avrenktdata, handlas)

hGbject nandl# To pughbutton pEs GCRD)
¥ avenbdakta regerved co be deficed is a furlures versicn of MATLAR

Fandles SdLriumture wilh handlae and uger data (seas SUIDATA




Y=strzoum{get (kandles. editl, ‘strizc'l)
I-stranum{get (handles. edit2, "Strizg '}l
Change=(0.85+T] - (¥V+0 _035);

asl {handles. aditd, 'String’ Change]




Appendix (D)

Datasheet for

I-phototransisior
2-infrared LED
3-DAQ
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EAIRCHILD GaAs INFRARED EMITTING DIODE

i e amaaia s ]
SEMICONDUCTOR®

LED55B LED55C LED56

PACKAGE DIMENSIONS
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NOTES
CATHODE 1

1. Dimensions for all drawings are m inches fmm).
2 Tolgrance of £ 010 (.25) on all non-romingi dmenzions
uriless otherwise speciiad.

DESCRIPTION
ha LEDSSBILEDSSCILEDSS are 540 nm LEDS | & narrow angle, TO-4€ package

FEATURES
 Zood optheal to mechanical alignment

Mechznically and wavelength malshed fo the TO-1E ssriss pholotransistor
« Hermelically sealed patkags

« High Irradiance level

T 20 Falrchild Semigonductar Corparation
=32 50601 10F4 wens fairchildsami.com
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EAIRCHILD GaAs INFRARED EMITTING DIODE

SEMICONDUICTOR:

LEDSSB LED55C LED56

ABSOLUTE MAXIMUM RATINGS (T, = 25°C unless otherwise specified)

Farameter Symbol Rating ' Unit
Cperating Temperelure Torr 68k +125 | >
Storape Tamparaire = T e £E1p +150 [ B
Saldenng Tempersluna (lron)E 5w & Tsoi4 240 Tor 5 ssc T
Saldaring Tamparabine [Flow)as ) o e D80 for 10 saz ' -
Gontinucus Forwand Curment | == AT ) - T mA
Forward Current (pw, 15, 200Hz) I ] 10 A
Reverss Voltage SNV i 3 [ W
Pawar Dissipalion(Ty =5 Py i I
Fawer Dssipstion (T, = 25°C Po 13 W

NDTE:
1. Derate power gissioaton ineady 1.70 mWTC ebove 25°C ambient
Detale sower disszaton lineary 13 0 mWES abeove 25°C case
RMA fur s racsmmisnded.
. Mzthanol or iscpropyl elecocholz 2re recommanaad a& cleaning 2gene
Salderng ran g 142~ { 1.6mm] minimum from housing.
AL I0Ng-ac Ieads are nol under-any stress ' spring Ension
« Total pewsr oulput, Po, is the tols! power radiated by the device imo a sald angle of 2 « steredians

= e e L

ELECTRICAL / OPTICAL CHARACTERISTICS (Ta =28'Ci(All maasuramanis made under pulse conditions)
PARAMETER TEST CONDITIONS | BYMBEOL MIN TR MAX UNITS
Peak Emission Wiavalangln = =100 mA hi - 840 - e
Emissior Angle af 1/2 Fower == 100 mA 0 — i | = Deg.
Forward Yeltage === k= 100 mA A - = L T
Revarse Leakage Clumen = Ry k. = - 10 -
Total Power LEDSEET =100 m& Pe 15 = — mi
Total Powar LEDSSC I = 100 mA P Sl — = ]
Total Fower LEDSEM le =100 mA Pe EE == G
Rise Time 0-93% of oulptt. i i T Lk = 1.0 = WS
Fall Tima gui:i.{E-i.-E'Er autput === [ 1.0 == us |

==
wewews fabreh|ldsemi com ZOF 4 BDS0T  DS300312

T L meme S e el e i i i T . S s
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FAIRCHILD

SEMICONDUCTOR®

GaAs INFRARED EMITTING DIODE

LEDS5B LEDS5C LED56

TYPICAL PERFORMANCE CURVES |
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FAIRCHILD GaAs INFRARED EMITTING DIODE

SEMICONDUCTOR"

LED55B LEDS5C LEDS6

DISCLAIMER

FAIRCHILD SEMICONDUCTOR RESERVES THE RIGHT TC MAKE CHANGES WITHOUT FURTHER NOTICE TO
ANY PRODUCTE HEREIN TO IMPROVE RELIABILITY, FUNCTION OR DESIGN. FAIRCHILD DOES NOT ASSUME
ANY LIABILITY ARISING OUT OF THE ARP ICATION OR USE CF ANY PRODCUCT OR CIRCLIT DESCRIBED HERE-
IN: NEITHER DOES |T CONVEY ANY LICENSE UNDER 7S PATEN] RIGHTS, NCR THE RIGHTS OF OTHERS,

LIFE SUFPORT POLICY

FAIRCHILD'S PROCUCTS ARE NOT AUTHORIZED FOR USE AS CRITICAL COCMPONENTS IN LIFE SUPPORT
DEVICES OR SYSTEMS WITHOUT THE EXPRESE WRITTEN APPROVAL OF THE FRESIDENT OF FAIRCHILD
SEMICONDUCTOR CORPORATION. As used harein

1. Life suppor| devices or BYSIEMS &re deviges or 2. A eritical component in any componen! of a life support
syslems which, (a) are inlended for surgical device or system whose failure ta perform can be
implant info the bady or (k) support or sustain life, ieasonably expecled to caise the filure of Ihe fite
and (&) whose failure to perform when properly stppon device or system. or 1o sfect its sefety or
used in accordance with insiructions for use provided effeciveness,

in labelng, can be reasonably expecied to rosult in a
significant injury of the Lzer,

ﬁ—
sewrw fainc nilese=mi. com 40F 4 GOSN1T  DE3IM03TZ
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Low-Cost E Series Multifunction DAQ
16-Bit, 200 kS/s, 16 Analog Inputs

NI 6034E, NI 6036E NEW

« B enalag inputs a1 200 kS5, Operating Systems
TE-bit resolatian ® Wi 0T R e
o U o F analon Odipits, = vioc S E"

tEbit resolution
=Bl 1D Ines B TTCvos;  Drcommented Softwara
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« Dogital frigoeing ; Al
: : st rEnETIE B ne
v 4 anaioc incul Sioul anges “hvasmnbealotl FACE ST

DVQ venounyning Ng-91 souas

« N-DAT driver simg fias itk
CiUrBlinn EF massLrements S
Madels Other Compatible Sottware
NI GO34E S b
» NI PC: BO34E SIS
Pl GR3GE Driver Software (included|
* NI PC-E036E . WI-DAD

* EEA G AOM0E NEW Calibration Certficate ncluded

25w wderivg indormrion

e e

- - - n

Overview and Applications PRI P Biirnatior. st willae: [T em——" =
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Low-Cost E Series Multifunction DAQ
16-Bit, 200 kS/s, 16 Analog Inputs
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Low-Cost E Series Multifunction DAQ
16-Bit, 200 kS/s, 16 Analog Inputs

Driver Software
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DAQ Specifications
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16-Bit E Series Multifunction
DAQ Specifications
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