Design and Implementation of a Hemoglobin Concentration
Meter

Project Team

Amani F, Al-amlah Eman I. Hammad
Nedaa §. Amraish

Project Supervisor
ENG. ABDALLAH ARMAN

Graduation Project Report

Submitted to the Department of Electrical and Computer
Engineering in the College of Engineering and Technology

Palestine Polytechnic University

This report is submitted in partial fulfillment of the requirements

for the degree of B.Sc. in Biomedical Engineering

Hebron — Palestine
Tan. 2008

Smruuite el eaohnio Ualveesiis
{FEUY 1

({' ”“\u " Ll g e > \)
Wy ¢ ““IE LIU!’U[f L...Ll




ABSTRACT

The project leam has proposed & construction of @ hemoglobin concentralion
meter, which will measure hemoglobin concentration in the blood, with diagnosis of

whether the resull s normal or nol.

The motivation for this project based vn the desire W gain experience and a
grealer depth of understanding the laboratory instrumentation, and desire Lo
implementing this design to have a hemoglobin concentmation, and apply it for

VAFIOUS 2P STOURS.

This report contains details of the desipn and installation ol the project and

the results obiined.

The idea at the beginning ol he phenomenen of absorplion of Light materials,
every malerial depends on the wave length which responds to it, and homoglobin-
related with evanide is able to absorb light of 1 wavelength (530 nm), the working
group adopted this characteristic in the design, and going through several P}'!EIEES of
the project:

First slage: preparing blood sample by adding (5 ml) of cvanide solution to
(20 uly of blood .




second stage: putting the sample to be medium 1o light path. and then
penetrate lipht of the sample through light source (halogen lamp), and passes this
light Lo the optical filter of (530 nm)} to prevent other wavelengths peneteation; the
light which penetraie the blood sample sensed by photo deteetor which changed the
voltage drop according to the light illumination on it, and therefore change

depending  on the concentration ol hemoglobin in  the blosd sample.

Third stage: transfer data to the computer lor processing it by LabView
program; to apply Beer’s laws of absorbed lights and thus pet the blood

concentration of hemoglobin

Operator wark is summuarized here by select of the age group to the body o

compare it the result was normal or not.
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Chapter One

Introduetion

1.1 Overview

Today, as the development of the scitnee & modern technology which measure
the coneventrations of different substances in a solution such as hemoglobin: the
lahoratory instrument state to he one of the most importanl devices  |hal gives

information sbout many diseases of human body, specially blood dissases.

Our project "Design and Implementation of a Hemoglobin Concentration Meter"
i5 used in clinical lahoratory or hospitals 1o measure the Hemoglobin concentration [or
all different ages; and this project uscful 10 measore hemoglobin concenteation for
studenls in school,

This rechnique is used to measure the concentration of hemoglobin in bloed by
applving the theory of light absorption & the transmission of the light throngh the blood

sample; absorption proportional related to concentration according to Neer's Law.




Hemoglobin concentration gives diagnoses o many diseases: there are mamy
discases that are allected by the voncentration of organic substanees in blood, Tor

example; less in hemoglobin concentration means of anemia.

We had design and implement of' 2 hemoglobin concentration meter with alarm
Tor ubnormal values: the deviee designed in such 4 way easily Lo have a value of the

concentration; using PC (Personal Computer) to perform functionality,

1.2 Scheduling Table

The time planning inclides twa time estimation schedules; the first one show
what has been done in the first semester, and the second shows the scheduling time of
the second semester, This time management clarifies each step of the project and

gusraniees the [ull completion of the overall system.

The timing management will divide the system hierarchy according to (he

detivns:

T1: Prepuring 1o the project: this stage of the praject primarily aims at identifying the
cantents of i, discussing the inival information, and evaluating the project tasks and

levels.

i




T2: The project anaivsis: the analysis process includes extensive study for all possible
desipn oplions ol the projecl

T3: The project requiverments amalysis: tasks have o be implemented. cquipments will
be needed 1o be provided. and data should be processed,

T4: Concepivied Design: project objeclives, design block diagrum will be donc and we

will show haw our system warks,

TS: Stwdving project component ond schemotic anofvvis: il 15 necessary 1 study Lhe
datashest of the photo sensor 1o ensure thatl it will mest the requirements of the project.

Th: Writing the documentarion: the writing hegan from the first phase 1o the last onc in
parallel.

TT: Convructing the Cirenits and Conmections: hardware implementation of the circuits
that represent the system and subsystems of our project. [t was started by building the
light path.

T8: Sub-Svstem Tesifne: at that stags, we tested each component of the project.

TY: Software Implementation: it was started with downloading the program of the
LabVIEW which was nsed to implement the PC parallel port.

T Sofivware Testing: attor completing the whole software, it was tested to check if the

hardware was ranning appropriately to give the Hemoglobin concentration value.




T11: Overall Svstem Testing: we lested the project and implemented it to adjust the
problems and errors and maintain it & caleulate the percentage error.

T12: Final Documentation writing: the writing process and the implementation of the
different stages of the project were done in parallel, in ordar to keep track on what had
been done.

Table (1.1): The Task Duration




Fig. (1.1): Project Activity Network

Table (1.2): Project, Activity Bar Chart (First semester)
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Table (1.3): projeet, activity Bar chart (Sccond semester)

In the project management tool used to produce this chart, all activities must end

in milestanes. Those are the basic milestones:

M1: this milestone has shown the project plan and hardware and software requirement.

M2: it has shown the top-level design of the project using Dow diagram and the user
interlace design,

M3: it has presented the hardware constructing, covervd components, subsystems, and
integration tests.

M4: project documentation was prepared, covered all aspects of the project. and pointed
to the project completion.




1.4 Fetimated Cost

This section lists the overall cost of the components that is considered in

implementing the svstem.

The Hardware Componeals, there are many clectrical Chips and equipments

have o be provided as in 1able below

Table 1.4: Hardware Cost

Component ~ Cost

Fillers $150.00
Cuvette & malerial 520004
DAQ & chips 5 6000
Flectronics $13.00
PC $ 400.00

The approximated total cost for the praject is 5643,

1.5 Project Risk Management

During the implementation of the different phases of the project, many problems
and risks have o be identified and solved in the carly time of the project designing and

manipulation. This should be done in order to operate the praject in efficiently and

cffectively manner.




1.5.1 Hardware Risks

=  Device failure: the DAQ may crash bevause of high voltage supply or
olher problems.

s The device operates differently from what expected.

» The Photo detector does nol respunse.

s The DAQ chip connacts wrongly to the camputer which may damage it.

e  Applying high voltage on the halogen lamp which may damage it,

Tn addition to these risks, ather component risks may appear such as:

e [mproper readings of sensors,

s An addition of noize from the outer environment.

1.5.2 Suflware Risks

There may be some risks with the software such as:

o Appearance of error in the block diagram which deesn’t allow the program

to Jebug; such as not connecled icons.

1.5.3 Group Risks

s lliness of one or more of group members.




s  Group meeting ditficulties,

1.5.4 Project risks:

e Supervisor change.

e Latency of devices arnval.
Recovery:
+ Demand device at carlier time,

o Start working on the implementation earlier.

»  Use allernate devices with the same functionalily and less cosl.

[.6 Human Development Resources

The team is composed entirely ol three Biomedical Engineering
undergraduate students who are interested in Labaratary instrumentation field.

The project Team: Nedaa S. Mruish & Amani F.Al-a"malh & Tman 1. Tamad.

Supervisor: Eng, Abdallah Arman.
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1.7 Report Road Map

The documentation lor this project is divided inlo seven chapters. The followings

explain briefly the contents of each chapter:

Chapter 1: Introduction

This chapter presents overview. lilerature review, project scheduling, and

estimated cost, Projecet risk, Human Development Resources.

Chapter 2: Theoretical Background.

This chapler discussed the blood anatomy, theery of the project (main idea),
hardware and software related 10 the project component.

Chapter 3: Projeet conceptuul desigu.

This chapter expiains the design coneepls, praject vhjectives, project design
block diagram, how are system work, and fronl panel.

Chapter 4: Detailed technieal projeet design

This chapter includes projeet phases, and subsystem detailed design.

¥4




Chapter 5; Soflware

This chapter includes software of the project (block), and flowcharl which fallow
by the operator.

Chapter 6: System Implementation und Testing

-

This chupler includes testing of our design, experimental resultproject safetv &

muinienance,

Chaprer 7: Conclusion and Future work

This chapter includes canclusion, recommendation & fatire work,




Chapter

2 Theoretical Backeround

2.1 Blood Physiology.

2.2 Projeet Theory.

2.3 Project Components,




Chapter Two
Theoretical Background

2.1 Physiology of Blood and Hemoglohin

In this section blood component and hemoglobin structure will be explained: and

shown the normal values of hemoglobin concentration.

2.1.1 Blond

N

Fig. (2.1): Red Blood Cell

Blood is & circulating tissue composed of fluid plasma and cells (red blood cells,

white biood cells, platelets),




1he main fimetion of blood is to supply nutrients {oxyeen, glucose) and
constitulional elements to fissucs and to remove waste products (such as carbon dioxide
and lactic acid). Blood also cnables cells (leukoowtes, abnormal wmor cells) and
different substances (amino acids, lipids, hormones) to be transported between Tissucs

und argans,

2.1.2 Anatomy of blood

Blood is compuosed of several kinds of corpuscles; these formed 2lements of the

blood constilute about 45% of whale blood the eorpuscles:

I. Red blood cells or ervthrocytes (96%) 'L Tn mammals, these corpuscles Inck a
mucleus and organelles, so are not cells stricily speaking. They contain the
blood's hemoglobin and distribute oxygen. The red blood cellz (topether with
cndothelial vessel cells and some other celis) are also marked by proteins that

detine dilferent blood types.

2. White hload cells or lenkoeytes (3.0%) 1 ' are part of the immitine system: they

destroy infections agents.

3. Platelets or thrombocytes (1.0 %) ' are responsible for blood clotting or

coagulation.

Yo




1.1.3 Anatomy of hemoglobin

Haemoglohin or hemoglobin (frequently abbreviated as Hh or Hgh) is the iron-
containing oxvegen-transport metalloprotein in the red blood cells of the blood in

vertebrates and other animals -
=

hemoglobin molecules
which Eransport oxygen

@
Gwmblmh_mhlmtun
the malecule

Fig, (2.2); Hemglobin Maolecule '

The name Jemaglobin 1= the concatenation of heme and globin. rellecting the lacl
thal cach subunil of hemoglobin is a glcbular protein with an embedded heme (or hagm)
group; cach heme group contains an iran atam, and this 15 respomsible for the binding of
oxvgen. The most common type of hemoglobin in mammals confains four such subunirs,

cuch with one heme group; see Figure (2.3).




Hemoglobin is the protein molecule in RBC that carries oxygen from the lungs to
the body's tissues and retums carbun dioxide from the tissues 1o the lungs. The iron
cantained in hemoglobin is responsible for the red calor of blood.

2.1.4 Hemoglohin structure and synthesis

g
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Fig (2.3): Hemoglobin Structure "'

The primary function of the RBC iy lo manufacture hemoglobin: the hemoglobin
mulecule is composed of four subunits, cach vontaining heme and the protein, elobin.

Fvery heme group is capable of carving T mole of oxygen, and (herefore each
hemoglohin molecule is able to rransport 4 moles of oxypen.




Hemoglobin (Hb) is synthesized in a complex series of steps. The heme portion
Is sythesized in both the mitochondria and eylosol of the immature RBC, while the
glahin protein portions of the molecule arc synthesized by ribosomes in the gvtasol ",

2.1.5 Hemoglobin normal values
Hemoglohin level is expressed as (he amount of hemoglobio in geams (gm) per
deciliter (dl) of whole blood, a deciliter bemng 100 milliliters.

The normal ranges lor hemoglobin depend on the age end. beginning in
adolescence, the sex of the person. The normal ranges are ™! in the following table:




- A Low hemoglobin level means:

Low hemoglobin iz referred to as being anemic. There are many reasens for
anemia. Some of the more common reasons are loss of blood (traumatic injury, surgery,
bleeding colon eancer), nutritional deficiency (iron, vitamin B 12, folate), bone marrow
problems (replacement of bone marrow hy cancer, suppression by chemotherapy drugs,

kidney failure). and abnormal hemoglobin (sickle cell ancmia).

=2 A high hemoglebin level means;
Higher than normal hemoglobin levels can be seen in people living at high

altitudes and in smokers, or some other infreguent causes are lung disease. certain

TLnIoTs.

2.2 Project Theory

Our design depends on the idea of light absorption by the substance in a solution;
but initially; we must add a special reagent to (he solution before measure the

concentration to prepare the blood sample; as explain later.

14




2.2.1 Main Iden

This design is one of the application on Beers law which depend on the
phenomenon of light absorption; whick described by Beer's law.

First, we aimed to define Beer's law to have deep understanding of light
phenomenon absorption.

Beers luw: state that the concentration ol'a substance is directly proportional
ty the amount of light gheorbed or inversely proportional to the logarithm of the
transmitted light; see Figure (2.4),

o

3 1 ot
Jrarat Wwmcagten ey Al
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Fig. (2.4); Hb concentration vs. Absorbance




Design and implementing of Hemoglobin  concentralion meter aimed o
determine the concentration of hemoglobing according to Beer's theory: the following

equations prove the idea.

The concentration is calenlated by the main cquation:

A, *25]
Eu = {._1. o
A

"

Where:

C,~ Concentration af the unknown solution *bloed’.

C.= Concentration ol the standard solution (100 gm/dl).
A= Absorption of the unknown solution (contained Hb),
A= Absarption of the standard solution,

The mathematical relationship between absorption of radiant energy & the
concentration of a solution is shown by Beer's law:

AT - s Voo EE 2
Where:

A: Ahzorbance.
%T: per cont transmittance,

Moreover. transmitiance (17 is defined as the matio of tansmitted light () 10
incident light (T;).




Whene:
A: Absorption

Va: The cutpul voltage from transmittance light through standard solution.
V: The output valtage from transmittance light through the solution.

2.2.2 Measuring of Hemoglo bin

Severa]l methods exist for measuring hemoelobin, most of which are done
currently hy automated machines desigried 10 perform several different tests on bload.
These machines are CBC (Cell Blood Counter), Chemistry Analyzer &

Spectrophotometer.

The methods used for measuring Hb in blood are:

1. Oxyhemoglobin (HbO-) method.

No longer widely used but still satisfactory method is the delermination ol
hemoglobin as oxyhemaglobin . The main disadvantage is the lack of a stable stander [or

11b0s: because of the melthod's simplicity: it is ofien used to compare level of




hemoglobin when the absolute quantity is not needed, The Hh(): method does not
measure carboxyvhemoglobin (HRCO) methemoglobin (Hi), sulfhemoglnbine(SHh), all
ol which arc inactive in transporting oxygen.

2. Chemical method (iron content)

This i the second method for measuring Lhe hemoplohin concentration;
Hemuglobin may be measured by determining the iron conlent of whole blood, The non
hemoglobin iron in blood is negligible compared to hemoglobin iron. Iron must first be
separated from hemoglobin usually by acid or by ashing it is then either ritrated with
TiCLs or complexes with a reagenl (o develop color that can be measured photo

metrically.

Moreover based on the molecule, the iron content of hemozlohin is 0.347 per
cent; the concentration of hemoglobin in blood (gm/dl) is ealculnted by dividing the iron
concentration (mgldl) by 3,47, Determination of the concentration of hemoglobin by
measurement of iron content is too complex for routine wark, hut it can be used lor

checking other methods,

1. Hemizlobincyanide (HICN) method

In cur project we used this method; so by using to use cyanide which hinds
tightly with the hemoglobin molecule to form cyanmethemoglobin, Ry shining a light

T




through the selution and measuring how much light is absorbed (specifically at =
wavelength of 330 nanometers), the amount of hermeglohin ean be determined.

On the other hand the advantage of HICN method s that most forms of
hemoglobin (T1h, HhO:, Hi} are measurad,

Naw, we will show the description of the last method which we lad used:
= Hemiglobineyanide (HiCN) method principle:

First, blood is diluted in solution of potassium ferricyanide and potassium
cyanide. The potassium fervicyanide and oxidizes hemoglobin’s o hemoalabin (Hi;
melhémoglobin) and potassium  Cyndi provides Cyndi lons (CN9) 1o from
hemiglobincyanide (HICN) which has & broad absorption maximum at a wavelength of
530nm; as shown in the Figure (2.5) below; the solution is measured in a photometer or

spectrophotometer at 530 nm and compared with that of 4 standard (TTHCN) solution.

T
i,
= P -'t._"
g o : % = CHNMetHE
[ : -'"i
; R
1 -u-!-._.",h
[.oo0 L : r * 1
BOO S0 B0 BED Ton
‘Wavalangth (nm)

Fig (2.5): Wavelength vs, Absorbanve ',




This curve shows the relation between wavelength and ahsorhance by Hb in
IHCN solution of bload sample.

Preparation of the solution

In our project the blood sample used is the whole hlood with the Cyanide
solution prepared hy this methad ™ by using of:

For 1Hier water Ha;

Potassium ferricyanide k:TFe(CN)g 0.200g
Potassium cyanide, KON {.0502
Dihvdrogen potassium phosphate, kH:PO, 0. 140g
Bicarhonate sodiom Nal 1C0O: Ig,_
Distilled water to 100 tUm!

substituting dihvdrogen potassium phosphate, kHPO. in this reagent for sodiom
bicarbonate, NalTCO; , in shoren the time needed [or Hb 1o HICN of 10 minutes the
detergent enhance lysis of cnthrocytes and decreases turhidity from  protein
precipitation.

However. the operator must add twenly ul of bluod (o 5.0 ml of diluents (1:251),
wicll mixed cand allowed o stand ar-roam temperatore for-at lesst 3 minutes: then

measure the concentration of Hb hy nur praject design.

bJF
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2.3 Projeet components

In this scctivn we provide a full explanation of each component and each part of

this project.

The design consists ol the following components:

1) D Power sonrce.

1) Light Components.

3) CB &Blp {Control Bored) connector & Parallel poit.
4] DAQ {(1Yata Acquisition)

3) PC (labview program).

1.3.1 The power source

Our project needs tn convert the AC voltage 0 suitable DC voltage which then
applied to the light source. Sce Figure (3.5) for hiock diagram, and TFigure (4.1) for
schemutic,

The circuit of power supply contains:

I. Transformer; is bhased on two principles: fimsl that an clectric current can
produce a magnetic [icld (clectromagnetism) &, second. that a changing
magnetic field within a coil of wire induces a voltage across the ends ol the coil

(electromagnetic induction). By changing the current in the primary coil, one

26




changes the strenpth of its magneric field: since the secondary coil is wrapped
around the same magnetic field. a vollage is induced across the secondary.

2. Rectifier: is an clecrical device that converts ahemating cumenl to dircet

clirrent ar at least to current with only positive value.

Here ore waves which describe the operation of the rectifier.

i
e |
Fig.(2.6) :Sine wave signal I

In half wave rectification. cither the positive or ncgative half of the AC wave 15
passed easily, while the ather hall is blocked. depending on the polarity of the rectifier.
Because only one half of the mput waveform reaches the outpul, it is very ineflicient if
used for power transfer. TTall-wave rectification can be achieved with a single diode.

Fig.(2.7): Half wave rectifier signal!'"!

While for full-wave rectification converts both polarities of the input waveform to
C (direct current), and is more efficient.

27




Fig(2.8 ): Full wave rectificr signal!'™

3. Regulator: designad to automatically maintain 1 conslant voltage level.
1.3.2 Light Path Components

Tn our design the light path started with the halogen lamp until it reach the
detector; the components of this path are:

l. TTalogen lamp.
2, Slits.

1. Optical filter.
4. Cuveile.

5. Phote detector.

These parts are nceded to place at black box of iron to provide any interference belween
it and the environment on other hand to create a straight line path for light.
1. TMalogen lamp
We used the light source as halogen lamp; because its availubility & suitable

price. This tvpe of lamp is used in the wavelength range oI 350 - 2500 nm, voltage of the
lamp must be very stable indeed 12v and 50 watt.

1%




This lamp has a special characteristic like:

l. Halogen lamps (incandescent lamps) that contain halogen gases such as iodine
and bromine that allow Glaments to work at higher temperatures and higher

cllicieneics.

2. Hulogen lamps consist ol a wnpsten filament inside & quartz envelope that is
filled with halogen gas. In halogen lamps, the quartz envelope is closer to the
filament than the plass used in conventional light bulbs. [leating the filament to a
high tempersture causes the rungsten atoms to evaporate and combine with the
halogen gas. These heavier molecules are then deposited back on the [lament
surfuce. Muoreover this recyeling process increascs the life of the tungsten
filament and anables the halogen lamp to produce more light per units of energy.

2. Slits (Lenses)
Lsed to focus the light & prevent scattering, two lenses the first which sends a

beam of porallel ravs to the interference filter (#3). The second one is used to focus the

beam in the center of the cuvelle (5], as shown in Fig. (2.9).

&=—=" Bf_'— =] I
® © @ o) @

|

Fig. (2.9): Component positions.
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3. Oplical hlter:

Tere we used a special filter which allow to only one wavelengths passes
through it & prevent the others; in our design we need an optical filter (GREEN) ro
allow just the wavelength of 330 nm to pass through the sample: which absorbed by
the [emozlohin after added the potassinm Cyanide & Potassium ferricyanide which

were explained befare.
4, Cayette (Sample handling ):

The design, construction and material of the cuvetre are all important to
accurate measurements: so in our project we used tube covered by EDTA; w prevent

blood clotting; (#5) Fig (2.9) ; having the following choracteristic:

1. Optical windows (the sides through which the beam passes) are highly polished,
parallel and flar.
Y. Entrance and exit surfaces are exactly parallel and orthugonal.

Y. Light path (distance between inner surfaces of windows) is tightly contralled.

5. Detectors (Photodiode)

A light sensor (photo detsctor) that allows cutrent to {low in une direction
from one side to the ether when it absorbs photons (light). The more light gives more
current, Used to detect light pulses in optical libers and other light-sensitive
applications, it works the opposite of a lizht emiitting diode. The phowdicde detects

light and creates a conductive path that allows electricity to flow. The LED receives

clectricity and emits light.




Principle of operation

Photndiode is a p-n junction. When a photon ol sullicient enerpy strikes the diode.
it excites an electron thereby creating a mobile electron and a positively charged electron
hale. If the absarption occurs in the junction's depletion region, or one diffusion length
away fram it, these carriers are swept from the junction by the built-in field of the

depletion region, producing a photocurrent.

TGO

100 7

I, — HevErss Lghn Cunrent (o

Ea — lbirnaugenes | =

Fig,(2.10): 1lumination vs. current produced across photodiode.' ™!

Photodiodes can be used under either zero bias (photovoltaic made) or reverse
hias (phntaconductive made). Tn zero bias, light falling on the dicde causes a current
across Lhe device, leading 10 forward bias which in turn induces "dark current” in the

apposite direction to the photocurrent. This is called the photovollaie ellecl.
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On the other hand. reverse bias induces only little current (known as satcation
or back current) along its direction, Bul a more imporant effeel of reverse bias is
widenting of the depletion layer (therefore oxpanding the reaction volume) and
strengthening the photocurvent. Circuits based on this effect are more sensitive to light
than oncs based on the photoveltaic effect and also tend v have lower capaciiance,

which improves the speed of their ime response.

Fig. {2.11): Photodiode clectrical symbol 2V,

We prefer to use photadiode VB 606 luvj for these characteristic:

Available wavelength: 200 — 1100 nm '
' Pesformiance to cost ratio: excellent.
»  Sensitivity for our design very good.

Good stabiliry.

Fig. (2.12): Photodinde I''],
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Advantages compared to photomultipliers s

1. Excellent lincarity of cutput current as a function of incident [ight

2. Spectral response from (90 nm to 1100 nm (silicon), longer wavelengths with
other semiconductor malerials.

Low noise.

Buggerized to mechanical stress.

Low cost.

Compact and light weight.

Long lifetime,

High quantum efficiency. typically 80%.

Mo high voltage required.

o I U

Disudvintages compared w photomultipliers:
. Small area.
2. No internal gain.

3. Much lower overall sensitivity.

233 CB 68lp Connecter with parallel port.

To complete this design there is need of a CB 68lp connecter to interface
hetween DAL & the output of photodiode; il low-cost lermination accessories with 68
pins lerminals [Or casy connection of field 1/0O signais to the counter/fimer devices,
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Fig (2.13): CB-681p ¥!

It has a dimensions of (1435 by 10.74 em (5.65 by 4.23 in.)), this chip have
68 pins each one defined to DAQ if it analog input ar digital inpul, cach pin need |
wround & Vee & it have omput to acl as input 10 DAQ chip.

=» Parallel port:

The Parallel Port is known as the printer port, which is the most commonty nsed
port for interlacing computers with homemade projects. This port allows the mpul of up
to @ bits or the output of 12 bils at any given time. thus requiring minimal extemal

circuitry tn implement many simpler tasks.

o

] .

Fip.(2.14): parallel Port
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Fig.(2.15): ﬁarﬂlltl FPort Fins.
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2.3.4 Data Acquisition Card

This represents the next step in our project; which process the data & interface it

with PC o vomplele the analysis of the signal until show the output concentration value.,

It defines as collecting and measuring clectrical signals from  sensors,

Irnsducers, and inputting them to a computer for processing.

Fig (2.16): N1 6034E 7
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The NI 6034E/8035E/6036E device uses the NI data acquisition system; in our
project we used N1 6034: because it's the available one.

As any eleclrical chip DAQ has cautions for using ft, here 1s it:

I. The input signal mustn’t exceed the highest voltage with which NI 60234[ can

come in contact.

2, The puwer conngelion: Two pins (14, &) on the IO connector supply +5 V from
the computer power supply via a self-reselting fuse. Including power signals to ground
and vice versa, that musin't exceed any of the maximum signal ratings on the NI 6034E
device which create 4 shock or fire hazard, or can damage any or all ol the boards
connected to the chassis, the host computer, and the N1 6034E device.

235 PC (LabVIEW Program)
IabVIEW (short for Laburatory Virual Instrumentation Engineering

Waorkbench).

In our design we will deal with a TabView program te complete the analysis of
the signals to resch our aim to measure the 11b concentration in blood salution and nsing
[abwview return to reasons here Lhey are:

» [1"s a very casy way 1o process the signals.

& More simple than wriling program or code by C++ language or visual basic (VB)
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Fig. (2.17): LabVIEW interface.

First; we must define Tahview program and mentinn it advantages over the

other programs;

LabVIEW is a graphical programming sysiem that is designed for data
acquisition, data enalysis. and instrument eontrol

Programming an application in LabVIEW is very different from programming in
a text based language such as C or Rasic; moreover LahVIEW uses graphical symbols
(icons) to describe programming actions, Dala [low is "wired' into 2 block disgram.

Since LabVIEW is praphical and bosed on a windaws type sysrem it is nften
much easier ta get started using it than a typical languape. Many engineers and scientists
that would not normally trv to program an application can get usable output easily with
LabVIEW.




FabVIEW programs are called virlual instruments (VIs) The user interface 1s
citlled the [runt panel, because it simulates the front panel of a physical instrument. The
[ront pancl can contain keobs, push bullons. graphs, and other controls and indicators,
The controls can he adjusted using a movse and keyboard, and the changes indicaled on
the computer sereen. The black diagram shows the internal components ol the program.
The controls and indicators are conneeled Lo other operators and progrant structures.

Cach program structure has a different symbol and gach data type (eg. integer, double-
float e&tc) has a different colar.

We implement a Beer's law on this program & show the output as concentration
of hemoglobin in gm/dl; & giving ALARM for abnormal values; see Fig. (5.1), for more
understanding (o our work. (Details of the work will be introduced at chapter five)
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Chapter Three
Project conceptual design

In this chapler we are going to describe the main ahjectives of the project and the

general block diagram.

3.1 Project Objectives:

This project supports many ideas and objectives thul can be swmmarized as

Il oy

| To design and implement hemoglohin concentration meter by using light

absorption property.

2 Using the PC to read the system output and gives alarm [or abnormal

values.

31 To be used as an instructional purpase in the biomedical laboratory in our

university.




3.2 General Block Diagram:

The following Figure (3.1) shows the block diagram of cur project.

Paraliel Port

| _ [

Fig. (3.1): General block disngram

In shart, the sequence of events in oor design is as follows:

The light source shines through the sample.

L

The sample abhsorbs light |
The detector deteets how much light the sample has absorbed. |
T'he detector then converts how much light the sample absorhed into

T

voltage.
5. The voltape transmitted to a computer 1 ecalculate the value ol

hemoglobin concentration.
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The last block diagram consists of several units to be accomplished and
integrated to with cach other to form the [inal hemoglobin concentration meter thess
units are:

I. Light souree: Fxpress as halogen lamp; 12v /50 w.

1. Optical Filters: Interfaces [iller an optical filler m which the
wavelengths Lhat are not ransmitted are removed by interference
phenomena ratiier than by absprption or scatlering: his used (o select
only 530 nm to passes it through the sample & block the all other
wavelength (Green filter).

Fig. (3.2): Optical filter of 530nm.”*
3, Blood samplc preparation & Blank solution: Discussed in chapter 2.

4. Photo detector: Which detect the intensity of light; & give the outpur as
voltage change according to light intensity changes: as shown in
Fig.(2.10) o be sensed by IAQ then process it by LabView.

5. PC (LobYiew program); Which used to implement a block dingram that
explain a Beer's law; shown in Fig (4.4)
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Fiz. (3.3): General simplified block diagram
321 Light svurce block diagram:

This block diagram shows the hasic circuits that eonnected with the Halogen

lamp.

DCpower | Hulogen

souree i Lamp

Fig (3.4): Light Source block diagram

The power source: the power must be of voltage & energy to make the lamp
ON state all of 2A, this can achieve by the schematic shown in Tig. (4.1).




Trunsformer | Rectifler Nmoothing | w—‘ g

Fig. (3.5): De power source block diagram

= De power source content:

I. ‘I'vanstormer: provides the necessary voltage reduction for the DC circuit

as well as iselaton from AC line.

2, Hridge rectifier: a full wave rectifier o convert AC cutput from the
trunsformer to DC, but the 1DC ourput is varying.

3. Filter: to limit the voltage ripple. "AC removing™. (1000 pF).

4. Regulator: provides a constant voltage: eliminates ripple by sefting DC
output o a fixed vollage.

322 Light path block diagram

This block shows the path that the light passes until it reaches the photodiode,
these components discussed in chapter two,




St | v Sample ‘ i o

Fig (3.6): light path block diagram

323 Data processing block diagram:

This block diagramt shows the last component needed to complete our design:
which is the CB-681p. DAQ & finally the LabView program.

. ’ | i [ B
““‘u‘;":m + CBoSlp — »Parallel Porl — » DAQ mmnk—’ w:-uhm;._‘

Fig. (3.7): Data processing hlock diagram

First; we will talk about DAQ and its details:

In our design we usad the NT 6034E device, with anulug inpul; then entered this
sighal to the PC 1o the LabView program.

=> Analog input:
The devices have a referenced single-ended (RSE) input; mode uses one analog
input line which connects to the positive input of the devises PGIA; the negative inpul of

the PGLA is internally tied 1o analog input ground (AIGND).
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[n our project we usaed the RSE made: which have analog input from the onput
of photatransistor; using analog channels (ACH) pins & pround (AIGND) fur cach inpul
chaninel.

- Input Range:

‘The devices have input ranges of = 10w to + 10v; sa the output valtage from
receiving circuit musm't exceed this value te provide DAQ from damaging.

- Input Characteristics

o Number of channels ..., 16 single-ended.
»  Resolution ... s e. 16 bils, 1 in 65,536
s Samplingrate ..o, 200 KSYS guarantead

« Configuration Memory SIZ€ v | 2 Words

=2 The used Pins in ouwr project NI 6034E:

1. ACH; (ACHD. ..., ACHn): Analog input chanmel.
2. AIGND: Analow inpun ground.
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Fig (3.8):1/O Connector Pin Assignment for the N1 6U34E/6035E/6036E
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3.3 How System Works?

These steps show how the design work & what is the tasks of aperator to have at
the end a value of hemoglobin ¢oncentration,

" The operalor prepares the blood sample us discussed in chapter rwo

* ‘I'he operator then must follow the flow chart; to appear the maximum &
minimum values of hemoglobin concentration according to the age of the patient.

*  After putting the blood sample in its holder the system work as follaw:

¥ 'The Halogen lamp gives light with all wavelengths.

¥ Ihe slits focus this light & prevenl scattering,

¥ The filter allows just the light of 330 nm to pass through the second slit.

¥ The light passes through the sample: the output light from the sample is
function of the hemoglobin concentration, as the concentration increased
the transmittance light decressed & the ahsorbance increase (Beer's faw).

¥" The photodiode changes the light inlensity on it to curtent pass through the
resistor (voltage drop on R); see [Ng (4.3),

* Then connect CB-68lp to the receiving circuit; with pins which can
interface with the DAG;

¥ The LahView program take the signal from DAQ and apply Besr's law on

it with alarm system. see Fig (4.4), wable (4.2) for more description.
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3.4 Project front panel

In this project the fing front panel was as show in Fig. (3.9) which having the
patient information. the hemoglohin concentration and alarm ol abnormal valucs,

- II---_'- “- -

Fig. (3.9): Front panel design.
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4  Detailed Technical Project Design

4.1 Detailed Description of the Project Phases.

4,2 Overall System Design.

4.3 User-System Interface.
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Chapter Four
Detailed Technical Project design

Aller explaining the theoretical hackground, the general hlock diagram ol the
systam, and how the system works. there is @ need to view whal is the design of this
system in more specific, powerful and nore formal terms. Therefore, this chaprer
deseribes the detailed system design with all its feaires that are necessary ta make the

sysiem works weil,

4.1 Detailed Description of the Project Phases.

The principle chosen for our project design is consist on Heer's law as deseribed

belore. so our design buill t achieve this law by each companent in the design.

The detuiled deseription ol the project phases as follows:

» Filter phase: we will use an optical filter to allow onlv the wavelength

of 330 nm (o pass through the sample & blank solution.,




*» Sensory phase: we used a photodiode 1o detect the intensity of light
passes ont of hlood sample & the light intensily passes oul of blank
solution to processed by DAQ and transfer it to PC.

o Processing phase: we used DAQ chip w wansfer the oulpul signals
eontinuously o PC then apply Bueer's law on it as shown in Fig (5.2)

42 Overall system design:

In this section we are going to show the schematics, characteristics, features, and
the specifications of each component and subsystent.

e Power supply subsystem

= T

o Wl
! 1

F—

0 —..b

Fig. (4.1): DC power source eircuit




This civenit converts the input of 220VAC /5017 tn 12 VIC; to supply the
halogen lamp,

= Circuit component:
|. Transformer: The transformer available is a Hammond Type C. Model

166G235. the secondary is center-tapped (this provides the ground output) and
provides a 91 valtage reduction ratio.

2, Rectifier (full wavey: The rectifier can be constructed using 1N4004
rectifving dindes.

3. Repulator: 7815 and 7915 are availahle to have at least —ve 12 v and -ve 12v
Gutp

Fig. (4.2): Transformer ™

We have a transformer that have mput at primary 220V s, and 24V rms at
sceondary; so according o the ratio between primary & secondury:

Vo N
8- 2P e T (4.1)
e  Ne

23




Fp 220

7 2 2.1+ Tumn ratio between primary and secondary is aboul 9:1.
(4 4

& the secondary voltage calculate as this equalion

Vs (pp) = Ve*al2 ot U s s AR )
So: Vs (p-p) = 24*42 <3397 '
Vol (reehler)=Ve==18" .. e s e sy {4.3)

Vout (rectifier) = 139 - | 4= 315V,

{ |
I."'ﬂl'-—- l_
T\ ZmIc

-

]D'mr!re-‘;,'l

I

—l Il’f.rmrreﬂ:
L FRIC

Frip—p)=

Ve(p - p)

RippleFactor =1%=
e L Vil I

[ —-{-—]Frmrmcr:ﬂ.ﬂll | : Foutreet
FRIC | asmic

! i

If we use [000pT by assumption, Fis [requency equal 10001z since [ull wave
rectitication, RL from caleulation will be THOSLD.

. Vdo= 32,33V,

. Vripple=(.32V.

. Vin regulator [31.98 , 22.62] !

. Recrifier should be not less than 33V,
: 1
- 15V Regulator specitication should be more than 35V, 2A and not less
than TOW,

By this transformer we ¢an use regulator af about 224V, |

Capacitor value is 1000uF, 35V.




*  Main circuir:

The figure helow shows (he oulput of the photo diode which must connect to
input of CB-681p.

The output voltage F =I5C* Rorieiiicvivicvninnnnn (42)
Where;
lsc: short circuit currenl that passes through the photo diode,
R: Resistance.

i3]
130K 203

== |

‘Fig. (4.3): Graphic of main cirenit
The using of Ry & R: is for calibration stage which determines the maximum &

minitum values of transmittance as a hackground; first at full ransmittance 100% set
Ro; & for 0% rransmittance which mean full absorption change R;; & as that photo
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deteetor characteristic the internal resistance of photo dinde change according 1o the
illumination: at dark very high internal registance GL1,

Table (4.1): Eleetrical Characteristics of D,.

I Teg
2 ln
3 o
41 R
4.3 User system interface

Shart eircuit current

Spectral application range

MIN 260uA.
200 = 1100 nm.

‘Ihe tinally process steps is process the outpdt DAQ signal (o apply Deer's law
by build block signal of the praject as shown in Fig. (4.4), and each icon explain in table
(4.2). The uplion of choosing DAQ NI 6034E refurs Lo:

» Mo oneed o external circuit.

s Availubility.

= No need for special endes.

e More easy 1o design with labView than other program language.




BE-‘{#EI:M.M-;GM' design

Explanation & deseription of each icon used (o build the block diagram an the
LabView program which applies Beer's law.
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Tahle (4.2): Teons Description

Function

Figure iI

Descriﬁinll

Mumber constant

100 I

C.onstant.

Logarithm buse x

Log.(¥); alsox—10,

= = -
Divider |F y— = Out=y.
.'\'IIJl'liplf' | ‘l’_‘—& — K'Y Our= H*}‘.
f : —
| AR
QOurpurt | —plizw |} Show the output result.
'r:“::.,-'.. _-J.
I — —
L P “
. e : :
Input signal BAQ A Inpiurt signal from DAQ.
“ dxa  +
=]
foh teve) ) Give alarm for abnormal
Alarm + 3,1_1
[ : [ values.
Compare two values (x, y).
Gireater than 2 2 x>y

il x>y,

lcss than

Compare (wo values (x,v).

if X<y,




Chapter

5 Software

5.1 Software needed for the project

5.2 Mowchart
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Chapter live

Software

5.1 Softwure needed for the project

I our project as mentioned before we will use a LabView program; o provess
the output signal (rom DAQ; by applying Beer's egualions as shown in the signal block

Fig. (5.2).
This signal block diagram casv o implement in LabView as following stages:
e DAQ sipnals; as cutput of bloed and standard solution

o Applyving Beer's law Eq. (2.3),

»  Comparing lhe conventration with oermal values.

= (arearcr rsan | o ALARN
DAG signa | —_—
wl blmul
=== —l
Appiving _I_ Cluipam
Reer s D aw ! | N rasdaniroiom
DAL Siunal |
ol shandlosrd |
el ¢ Less than w  ALAEAD

Fig. (5.1): General Alarm signal black diagram
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This block diggram signal applied by LabView program as shown in Fig. (5.2)

= oz, wi Bor i g am =

te BE Symae jen orw fndie tek B’
1 2la s(uliT ]k o | ko - it fo-] 1 |5
1 x4 M
' Bl — +=
- | e 3 ] 5 _&Il_
il fiNT. |
P Rl
| =4 LR ¢
= — |
sl = -
b L - e
M|
R
= oo Bl
T
< ¥
Elr
ST 2 IS

Fig. (5.2): LahView signal block disgram
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5.2 Flnwchart

This Howchart must [ollow by the

opcratar 1o

measuring hemogiohin concentration.

suceess the provedurs  for

I RTART |
PreparTion
bk
suiijil
T
hewes
IR AT
v £ ¥ [l
-— | | C—
Wiy niue mukily |
e | e evida il il | -
| s
= —_—ll e
w » I B
Eiilan Fitmi Frhr Erad
BAL - Ha (LR AR AN m T BlhN - i
Mi—81 4 i el (7] RO

Wik = 0+ ¥

v
1
Cluak ‘ T T )
, S -
Zilmi Fordpe
BN - Tl RN =
TR Whisi-o Y

Fig (3.3): Flowchart,
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6 System Implementation and Testing

0.1 Testing.
6.2 Experimental Results,

6.3 'roject Safety,
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Chapter Six

System Implementation and Testing

I'his chapter demonstrates the methods and procedures used o implement, lest,
and examine the system operalion and behavior. System testing is an important and
crucial step in implementing 4 sysicm. It senses the effectiveness of that system just

hefore intreaducing it 1o i1s asers.

6.1 Testing.

In this section we are gping to ¢xplain how the result oh hemoglobin

concuentmtion caleulaled.

First. to caleulate the absorbance of the Cyvanide solution (Asx = log (Vo/Vs) )
wie measured the output voltage at full illumination by using the water as reference (Vo)

which as shown in Fig(f. 1) : Vo= 1 45v.

Then. measure the output voltage at no illumination by using the Cyanide

solution (W), Which as shown in Fip(6.2); Vs = 44y

50, the absorhance of the standard solution As — log (1.45/0.44) = L5179 from
this value we can determinge the higher level & lower evel of ahsorbance which ranged

between [ 45 & 0,44
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6.2. Experimental Result

Afier linishing from collect all the design paris together. we test some blood

sample on it

First sample: Nedaa Amraish sample: i laboratory test the hemoglobin value

was |0 gmddl: al our design the hemoglobin value was 10.4 gm/dl as show on the front

panel of [.abView program.

T [ Qpersie Took  fossse  WANGow s E}

»lo| @]
[Prutifdrg © aetiudusty] =
] T HEMOCGLOBIN CONCENTRATION |
Db 3 0af00 METER i L
| ]
Age, 2N 1 | I

ongnd o lovel germ  hphlevel slwem

ik o

10,2826

Fig. (6.1): First test sample
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Second sample; Amani Al-Amleh sample: at laboratory test the hemoglobin
value was 11.30 gmidl: al our design the hemoglobin value was 10,77 gm'dl as show on
the front pancl of LabView program.

e CASES1 23w

=1l 4
Bt Edk Oporate uols Growee Window Help e
| »[a]@n] E
Tina: 1130 | HEMOGLOBIN CONCENTRATION
_Date; i3 2j07 J METER |
Ptk Name: Aawci Al-Ariwal |
Agm_BY =
';1*;_
; Hh concentrabon gyl o lavel alrm ok level e
F— T =0l
Mn By
iz 16

Fig. (6.2): Second sample test




Third sample; Frman Hammad sample; al laboratory test the hemoglohin value

was 11.5 gm/dl: at our design the hemoglobin value was [1.9] emidl as show an the

front pancl of LahView program.

= CASES123.wi
| 5w [t Operats Tools Bromse Yincow Helo

HEMOGLOBIN CONGERTRATION
METER

1!:: 2 y OmiE  lowivel s high bevel garm
Female £1.915 - .

Fig.{(6.3): Third sumple test




Fourth sample; Dr. Al-Saheb sample; at labaratory wsl the hemoglobin value
was | 1.5 gm/dl; sl our design the hemoglobim value was 14.5 grdl as show on the front

panel of LahView program.

B CASEST 23.vi

Fla [dlf Operats Tods Bromse Window Heo __
(2] @[] 5] i

T L HEMOGLOBIN CONCENTRATION [

Gete: 1207 METER

Petigil Miams. Or. Aiamial | [ |
| Ags  S3Y | |
i inalis Altur M ||45¢£|J' i

i Wam

1124 145

-
| € = >
— S —

Fio.(6.4): Fourth sample test
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= Error calculations: i
AL the cnd of our test [or blood samples we are going to calenlate the error ]
percentage as following equations:
)
Theemur (11 = Uk s TFHd viio & 100%a -M o 1 00% =4 8%
trueviaue 10 )
S _ - |
The error ()= S0e Yle- ead value (o ULSO-IDTT ociae 2ans
friseliie L1530
The error (3) = e value-read valuel o0, 1131191 4 oner 3 g,
5 e i O i
: J Vst i A ; _ i
The ervor (4) = S oe Vale- read valuey a0, (135 145] g 7 4m,.
frueviaue k. OIS
> Average error ( L):
- . |
E(%=(Y E)/4=(48+4.6434474)/d-505% u
|
1
6.3. Project Safety |

Project safety is'an important point to the operator: and to the device it self from
the ather hand, o integrate the blood test without any hazard; the project team described
it in the following points:

1. To prevent electrical hazard: don't touch the lamp wires.
2, Don't did the blood test uniess you wearing the medical ploves: hecause the
sample has the cyanide solution which is TOXIC.
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3. Prevent the optical filter from touch by hand: j Ay prevent its work correctly,

4. Don't turn the Project ON unless you check the Connection of DAQ with
computer.

6.4. Project Maintenance:

This design needs maintenance as any medical instrumentation; the main points
10 maintain the integrity of the work dre:

L. Always check the lamip voltage; prevent it to be less (han {24
2. Change the lamp at the end of il éxpected life hoyr

3. Change the cuvette when needed; keep it clean afier SVETY Lest,

4. Always check the DA connection.




Chapter

g Conclusion and Future work

7.1 Conelusion,

7.2 Recommendations & Future work.

7




Chapter Seven
Conclusion and Future work

7.1 Conclusion

Our project conclusions consist on our sudy and design:

1. Qur project designed to measuring the value of hemoglobin
concentration; using suitable filler for the desired wave length (330 nm)
which we need.

2. LahView sofiware program is an excellent program to process the
second part of our design ( Bear’s law); to have accuratc output: & this
program allow us to design an alarm circuit to compare il the ouiput in the
normal range or not: this gives the operator diagnosis aboul the paticnt
stafus,

3. In cur project the operator must follow the [lowchart 1o have accurate
result & suceess the aim ol alurms,




7.2 Recommendation & Future Work

1. Our project was for one test sample (hemoglobin; in the future projects the
students can develop it for more than ohe sample (sugar, electrolyte) by using
wheel filter,

2. 1o enhance the reading concentration in the future projects, they can use
phatamultiplier instead of photo detector and enhance the dark room building.

3. We recommend to the cleetrical department to support the future projects to
enhance prajects quality.
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Appendix: A




Detinitions

I'he ability of @ medium Lo absorb radiation depending on

Absorbunce lemperature and wavelength. Expressed as Lhe negative comman
logarithm of the transmittance,

Amplification Precess of increasing the strength of a signal, current, voltage or
power

Anemic Low red hlood cell count.
Describes the dependence of intensity of light (clectromagnetic

Beer's law radiation} mansmitted through a sample. A =3 * b * C, where A =
ahsorhance, which is unit less, b= &l thickness in distance units
and C — concentration in any valid concentration units.

Blank | A solution prepared exactly like your sumples and standards
except that the concentration of analytic is zero

Blood Blood is a highly specialiced circulating tissuc consisting of

suveral Lypes of cells suspended in a fluid medium known as
plasmi)

Bune marrow

The soft material that 1ills the cavities of the hones.

Cuverte

A cuvette is a kind of laboratury glassware, usually a small squarc
tube, sealed at one end, made ol plastic. glass, or optical grade
quartz and designed to hold samples for spectroscopic
experiments, The best cuvettes are as clear as possible, withoul
impurities that might uffect a spectroseopic reading

Cytesol

DAQ

' Collecting and measuring electrical signals from sensars,

The flaid portivn of 3 cells cyloplasm

transducers, and test probes or fixtures and nputting them to a
computer for processing; (2) Collecting and measuring the same
kinds of electrical signals with A/D and/or DI boards plugged
intw a PC. and possibly generating control signaly with DA
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andsor DIO boards in the same PC

Dreciliter

A fluid measurement that is egual to one-tenth of a liter, or 100
cubic centimeters

Tretectors

Any device or instrument used Lo sense the presence of a signal,

detect the presence of radialion or particles, or convert 4 signal

from onc form to another.

I Tilters

A device which selectively rransmits light having certain
properties (often, a particular range of wavelenpths, that is, range
of ealors of light, or polarizations). while blocking Lhe remainder,
They are commonly uzed in phatography, in many optical
instruments, and 1o color stage lighting.

Hemoglobin

The substance inside red bload calls that binds Lo exyeen and
carries it trom the lungs (o the tissucs

Incident licht

The light thar emanates directly from a light source

Mitochondria

Normal structures responsible for enc:gy.pmﬂucﬁun in cells.
Mitochondria are located in the eytoplasm outside the nucleus of
the cell. They consist of two seis of membranes. a smooih
camtinuous outer coat and an inner membrane arranged in Wbules
ar in folds that form plate-like double membranes.

Platelet

The vellow fluid portion of the bloud in which the red cells, white |
cells, and platelets are suspended, Like other bload components,
it can be separated out from the whole hlood for use in

component lherapy. Plasma contains many clolling proleins,

An irregular, disc-shaped element in the blood that assists in
hloed clotting. During normal blood clotting, the placles clump
together (agpregate). Although plarelets are oficn classed as hlpod
cells, they are actually fragments of large bone marrow cells
called megakarvacytic.




Photodiode

| semiconductor that converts light 1o an electrical signal, used in

tiber oplic receivers

“compound involved in a chemical or biochemical reaction, |

Reagent especially one used in chemical analysis to produce a
characteristic reaclion in order to determine the presence of
another compound
are the most common type of blood cell and the verlebrale body's

Red blood cells principal means of delivering oxygen from the lungs or giils o
body tissues via the blood.

Transmittance concentration is the measure of how much of a given substance |
there is mixed with another substance

Tumors & general term for abnormal new grawth initiated when a resting
cell starts dividing.

Wavelength Distance from one wave peak to another

White Bleod Cell

Cells that help the body fight infections and discase. Also called
while bloed cells. White blood cells include lymphocytes,
grunulocytes, macrophages, and others
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Appendix: B

Datasheets of Project Components
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VTB Process Photodiodes
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16-Bit, 200 kS/s, 16 Analog Inputs
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