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Abstract

Bioelectric tissue tmpedance messurement to  derermine o infer biological
iEformation has a long histery dati 12 back o before the turm of the centary,

BT mieasarements are commonly used in cardiae medsurernent. body CUTAPOSITIO,
i peripheral blood How thar we will cover it in o projec)

Impedacce plethysmegraphy 15 5 messurement techmique that messuwres the chaney
i blaod volume (venous bload volume s well as the pulsation of the arterigs) tor a
specitic body segment. This repart will deseribes bricfls the anatomv of the blood
vessel 1n the limb. the biomechanies of blood flow, und the approximation mode! o
the human limly. In order o apply this fechnique we want o construer a consiant
current source (2 mASOKHz) ths current will appiy to the pattent limb by two
clocrodes then an electical signal will be taken by another tow electrodes as 4

resuit of changing in impedance sccording o the blood movement (A full

descriptions for applving tis tee mique in successful way will be considered in this

T:tlj !"".r :I !
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Chapter One

Introduction

1.1 Introduction

In qur project we will try o cover one of 2 non-ipvasive method for Measuring
bload flow in human limhs. The idea of our project comes [fom the fact tiat the moving
Blood 1 the patient Himb js considered as a conductor hus an impedance comes lrom
blood’s compenent characteristics When a low current applving Lo the limb then the
impedamnee of the blood will change as blood Taws this chanze can be resull as 3 voltage
signal .

In this techmqgue the electrical impedance of any parl of the hody 15 measured by
sither constant current methad or bridze method and varialions in the impedance are
recorded as @ function of time. Sinee blood 15 2 zood sonductor of eleciricity, the amount
i blood -z given bedy segment is refleeted inversely in the electrical impedance of the
Dody seamenl, Pulsatile blood volume increase in the budsy segment causad by systemic
slood crreulation therefore, causcs propottional decrease in the electnea! impedance.
Varmtion in the electrical impedance thus vields adequate information about the blaod
crreulation

There are many applications for this method like measuring the annea

moniloring, cardiac measurement, body composition, and petiphicral Bload flow that we

will cover it in our project




1.2 Project Objectives

The main ohjecrives of this project ure:

I Applying one of noa-invasive techniaue for blood Dow measurement.

2. To get rid ofi the hmitation for messuring blood faw isively,

3. Toreduce the elecivical hnzard on the patient

b Measuneg blood Row is st important parameter in humzn body's ciroululin
I - -

system lor many indications and study easos

L3 Whart is the importance of the project?

Ihe importance of this project is that a safely, non-invasive, simple but elegant
and guick method for blood [low measurement [ur physicians to delermire their decision
about the patient staie. Plethvsmagraphy has been instrumeanted in studying the role of
lhe auronomic nervous svatem n regulating limb blood fow m humans and unportant in
studyving the vasodilator responses 1o exercise, reactive hyperemia. bady heating, and
mental slress. It has also been the technique of choied 10 study how human blood vessels
respond 1o a variety of exogenously adminisicred vasodilators and vasocorsirictors,

especially those that acl on various artonemic and adrenergic receplors.

1.4 Litcrature Reviews

The study of lhis projet depends on some ideas of other 0jeuls:

The first project was prepared by Kathleen Wilkie 98181 130, April 4 2004, under

The utle 1 Tuman Bleod Flow Measurement And Medeling™ . 1t talks about the

crcelatory system and the modeling form for the measurement Ll

x
-




2. The second projeet is pi cpared by Michel T Joyaer | Niki M Dietz » and Jokin

T.Shepherd. Depuriments of Physiology and Biophysics and A nesthesiclogy,
Mayw Climic and Foundation, Rochester, MN 55005 under the title “Fram Belfist
ty Mayo and bevend: the use snd [ulure of plethysmography 1o study hlood flew
aruman limbs which talks shout the de cloprents vl Plethysmaosrapin
techrigues tor messuring blopd fow and (e eases that can be studicd using thoue

lechnigues 2]

.5 Time Plan

the chart m Figure (1.1 shows thi SEqUEnce of bur project s work in the form o

tas<s cach af which is assigned the week when it is supposed 16 be ready

Time (weeks)
S
|
i

e]"

=
i
r

Activates

Figure 1.1: Time plan




Table L1 T une scheduling

l'ime {Weeks) - Activates ]

3 Stucly Impedanee plethysmoaiaphy lechnique

|
|l Sludy cardiovascular syslem
13 Study Lissue characteristics

[ Lilvechare reviews

] Theorcucal Report Reads |

E5] Discussion for Praject Theor,

14 Design the Schematic Block Diagram “

' 22 | Purchase Electronic Component for project
26 Build Hardware Svystem

L3 Testung System performance




1.6 Economical Study

Ihe project needs the following acocssaries thal are shown in table (1.2 with theis
el aries;

Table 1.2: Econetmcal studs

i Component C oast (SHEQALTM) |

brarrsirmers=

Elicirade leads L5t

Zener Dhones i

LEATTA 21

Hesstors ) o B
Capacitors 2t)
Board i

Total Coast 340




1.7 Projeet Contents

The report is-divided into four chapters, us follows:
Chapter one: Intraduction
Chapter wo: Physiology and Mechanism of Cardiovaseu]ar Svsten
Chapier theee: Tmpodinze lethvsmography and Tissue Impedance
Clipter fonr Applications of lnpedance Plethysmosranks
Chigpter five: Design Cancept

Chaprer siv: Conelusions

Chapter seven: Results




Chapter Two

Physiology and Mechanism of Cardiovascnlar System

2.0 Inmtroduction

In arder 1o aclieve our coals m Als prgect we must st understand so many
phyvsiological concepls include blevd  flow  mechamsm, blond flow  rerulahion
Irsatery system, structure ol blood vessels, and all the factors that arfecring blood

o measurements,

2.2 The Circulatory System

I he circulatory system is divided into two man componenls:
[lre cardiovascular system and the bymphatic system. Here we will focvs an the
cardiovaseular system which consist af blood, blood vessels, and heant. Blood acts  as &
trunsport mechanism to the cells for nutrients and wastes. Blood vessels provide a

tubular netwark to channel the biood 1o every possible region ol the body and the

heart creates the prassurs requirad o push bland through the vesscls




2.2.1 The Composition of the Blood

Blaod 1s composed of Muid plasma, formed elements, and other eleiments either
being carmed o or away - from cels. Blood plasma is s ligquid that serves as (he
mttavellular environmert for the ¢élls in the oody - Total volume af plasma e HpoTtant
i the repulubion af blued pressure. The sodivmy jon i ths naiar solute in plasma. and
s concentration 15 what determtines the amount of the plasma water and thus Slood

VRIS

Toml blood velume in an average adult is about 5 liters | or 8% of the tat] body
weight. Formed elenieaty constitute ahout 43 “u of (he total blood velume and blood
plasma makes up the remaining 35 %. The rercentazgze af formed clements closely
approximates the pereentuge of RIS per given volome of e blood This is an
ipontant measure in heath care as it 15 an indicator of 1he oxygen — Carmrving capaciny ol
the hll};"ld,

The formed clements of the blood are

Red Blood Cell: RBC

- T'he main purpose is the transpart of exygen o the Bssue and pickup C0,.
- Don’t have a coll nucleus.
It 12 concaved dise shaped eell.
The diameter of 4 ypical humun EryTArocyle s -8 um
t's number 4.5— 3.5 million cells/ mum. cibic,
- Fach red blood cell comains four ivan wloms M strucrurs know as the hemoglobin

Hab.

8




White Blood Cell: WBC

- Aol us immune cells and fight infuction

A& | 1 Gera WBC ina liter of Tszalthy 2dult blood.

- Normally berween 4Geg
- Have nueleus,
~I's nurmher 16 — 1041000 cellssmmeuhie

- The cirenlating life 12 13— 20 davs

- MWum'in diameter,

Platelets are:
- A nuclear and discond.

Size 1.5~ 3.0 pm.

The circulating [ile is ¢ = 10 davs.
- Produced in the bone mamaw,

=1 nomaber (200 RU0TE1000 col |5 fmo.cubie,

- A normal platelet count in health ¥ Person 18 hetwesy (130 - 400)%¢ tepa /L of hlogd

- Responsible for coagulation and clotiing,

2.1.2 Blood Vesseals

Onz of our needed m this projeet is 1o the whes through which the blood passes,
Thar strucire enables (he exchange ol blood plasma and dissolved molesules between

the blood ang surrotmding tssucs. Blood travels away from the hearl passing through =

laies,

selies of vessels progressively smaller in diagieler arteries 1o arterioles 1o capi

Blood retims to the hean thiough a series of vessals progressively larger in digmeter:

cunsist of three lavers.

capillaries o venules 1o veins, The walls ol arteras and vemns




Lhe outermost layer i5 the tunica external it is ecomposed of loose conneeiive
tssue. The middle layer wx the tunica media it is composed of smooth musele. The
mnnermast faver 1% the tunica mtimae it is composad of the endothelium and connective
besue, Lhe cndothelium lines all inner walls of vessels and capillaries consist omly of the
sndothelum, Arteries contan more muscle than comparably sized veins, Large arferics
streich when the pressure ol the blood rices during systale and rocoi dunng diasiole the
clastic reeoil of the walls helps w0 produce & smoother fow of Blood in the st ler
arlenes and arcrioles. However the result is 2 cardias cvele dependent arery diameter,
Smaller arteries and arterales are less clustic than larger @teres and contam
propomionally thicker luyer of smeoth muscle. Thus they maintain 3 relatively consiant
diametar Capillaries are the simplest structured vesssl, They are composed of single call
laver of endothelium and are about 8 mm m lenpth, They permeate the cntre body in-a
fine miesh o provide the surface area for blead and mterstitial fAuid transieor. € apillaries
only contain about 250 ml of blood at given time. The amount of blood in a capillary
bed is regulated by the precapiliar sphincter muscles and by the resistance 1o blood [ow

provided hy the small areries and avierioles. Blood is 1 angported back to the heat by

venules wlich empty into progressively.




Figurz 2 1: Internal construction of the blood vessels (artery, vein. and captliary)

1.3 Regulation of Blood Flow

Blood flow to an organ is controlled by the constriction and dilation of vessel
walls. The changes in vessel diameter are regulared by svmpathetic interaction and by
iocal conditions withm the blond vessel and oigan. Svmpathetic nérve stimulation
causas vasoconstricion m the viscern and skin, and vasodilatation in the skeletal
muscles Myogeme regulution, in the cerebral arferics. causes the dilation of vessels in
respanse 1@ deerease in Mood pressure, and viee versa Metaholic regulation. in (he
skeletal and curdine muscle vessels, promotes vasodilatation hased on local conditions
such @s oxvgen concentrations, carbon dioxide concentrations, tissue pH, and the relense

of adenosme. The ineresse in blood low in skeletal musales and the heart as a sesult of

mnercased metabolism is called active hyperemia,




in

1.4 Measurement of Blood Flow and Volume of Rlood

Because wo want to cover umpedance plethysmogranh m our praject. We will talk
hout the developinenl ol plethysmaograoh fechinques as a not-mvasive methed lor
Bload flow measurement. The genaral principles of plethvsmopraphy were appreciatad
oy the late 15005, While the application of these prsciples to measure imbehlood o

wenrred mthe carly 19005

Water-filled plethysmograph

With the use of this technique, the forearm was placed in a vassel, and w ater-tight
seals were made 4l cither end. The rate of blood flow was sstimated based on the water
hisplaced from the plethysmograph. This technigue was in wide use throughout the
305 and 19405 and required some mieresting sdantations W make it work, First,
sealing the forearm within the plethysmograph was always challenging, and. second. it
vis necessary to koopthe water lemperature i the pl ethysmograph &t 34-35°C. This was

sccomplished by applying 2 Bunsen burmer to the metal jacket while stiring the water

with a bulb syringe altuched o the plethvsmaopraph




"BoOTdE

Cahibrating Awiitga

Mo light aeal

Froure 2.3 Water-filled plathvemograph

Merenry-in-Silastie strain gauges

Which are still commonly used. A thin silastic tube is [illed with mercury. and «
sniall electric cwrent is passed throagh the mercury. When the veing are occluded and
tie hmhb expands. the silastic is stretehed, which reduses the diameter of the tubing and
mereases the cloctrical resistunce. Properly calibrated, the change in cleetrical resistance
has a linear relatonship with change in forcanm eircumtarence and hence provides an

eetimate ol volume and flow

Because the early invesugators did not have aceesss Lo whoratory-hased compulers
and advanced caleulators, the initial formulaused to estimate changes in forearm volume
from changes in stran-gasge length used stmple arithmetic and assumed the foredarmn

was a evlinder, Howewer, these simple assumptions have proven o be remarkably valid

over & wide range of Tows.




Dohn Plethysmography

This is a small, air-filled latex cull that is placed on the distal poction of the Hmb
under study, These cuffs are Liahtly inflaled, and the change in volume seen durine

venes occluson causes 4 rise in pressure in the culls that is proporiiomal to the flow,

Photoplethysmography

Thus device vperates on the principle that voluime changes 0 the limb or dig
tesull m changes in the optical density through and just beneath thie <kin over & viscular
region. When the light source Mununates a small areq of the tigerlip or other region
Light seatizred and transmitted through the capillarivs of the rezion is picked up by ths
photocell. As the capillaries 1l with hloed, the blood densily increases, therehy
reducing the amount of the light reaching the phatocell The result causes resistianee

changes in the Photocell that can be measured on a Wheatstone bridee and recorded.

Impedance plethysmography

Impedance plethysmography is & measurcment tachmique that measures he
change 1z blood volume (venous Bland velume as well as the pudsation of the arleries)
for a specific body segment. As the blnod volume chanpes, the electrical impedarize
(resistance) also changes. This electrical impedance is measured by passing @ small
amount of altemating current (AC) through the body sepment. This twchmigue is

somnvasivaine sugery is needed) because the smount of AC current is so small that the

patient does not feel any sensation from (he prohe




Figure 2.3: How we can apply Impedance plethysmography | 10




Chapter Three

Impedance Plethyvsmography and Tissue Impedance,

3.1 Introduetion

Impedance Plethvsmography @ves an ondmecl  assessment ol central  and
penpheral biood Now mon-invasively. Simee blood 15 2 good conductor of clectmey, any
chunge in blood volume in any part of the body s rellected inits electnical impedunce.
Thus a record of gross electrical impedance of the body segment change in the
impadance a& a funchion of time and =& of change of mpedance mvas an indirect
cstimate of the contral as well as peripheral hload flow. Change in the bload volume V
i & body segment of volume Voand clectrical imoedance Z is related 1o the change in the
mnpedance £ by the Nyboa's equation This methed kas been observed o be 96%,
sensilive und 8%y speciiic for the diagnesis ol artenal veclusive disease and greater than
85% sensitive for the diagno=iz of deep vein thernmbasgis and valvolar diseases of the

head,

1.2 Delinition of hnpedance Plethysmography

Impedance plethysmograpliy 15 8 measurement technique that messwes the
change in blood volume (venous blood volume as well as the pulsation of the artciics)

tor a specihec body sepment. As the blood volume changes, Lhe elecincal mmpedance

{resistance) alzo changes This slectrical impedance 3 messured by passing @ small

i)




amount ol sltemating current (AC) through the body scement. This technique s
nomnvasive because the amount of AC current 15 so small (hat the patient does not fo

any sensation from the prabe.

3.3 Tissue Impedanee

I the body, highly conductive lean tissues contain lage amounts of water and
conducting elecrolyics, md represent & low resistance electneal pathway. Fatl and hone.
on the other hand. are poor conductors or o high resistance electrical pathway with Jow
amounts of fluid and conducting electrolytes. The phyvsical quantity messured in
impedance  plethysmography  (and  imaged i impedance tomoeraphyy s tissue
impedance. It can be seen (it (he reststivily ol bady organs varies about 100-f6ld from
ahout 1.6 Win o blood o about 1707 in bone, Within the sofl tssues the variability 1s

about 10-lolkd, with about 20 7 in the lung and in fal The commen valee of the skin

impedened 15 up o 500 7 |




The cqurvalent electrical components of the tissue (limb) is consist of both resistor and
capavilor as shown in Hgure 3.1 .

Feddsice Jdgmay

Feaclwisy W fdearecs

Letentung:

Cleroit sores st il '..i;":tl.'ﬂli..l

Maamred
brclepical residanes
ang reactmge

Figure 3.1: Equivalent electrical components of the limib [9]




3.4 Limbh modeling

Studics ol blood flow in vessels provide & preater anderstanding of human haalth
and management LI order W6 wse impadance pletdivsmography we miust koow how he
blood vessele are responded 1 the applying cuient when the blood is flowed in
thraugh the eccurrence of the blood cireulation. Also we must shiw how we will deal
with the physiologiesl strueture of the linb o defermine & clear and acceptuble

relabionship for blood [Mow measurement which generally known as:

F =dV /i 401 |1

Where;
F: Blood Flow
dV: volume change of the Blaed

ol chungs in time

Ihe rmathematical equations lor subject scement were derived assuming a
homogeneous volume conductor with uniform cross sectional ares and conslmi distarice
between potential sensing cleetrodes. Actually this far from reality i physiolozical term,
oecause the human limbs has o complicated stricture consisting of bone, muscle, ftand

Blood skin. Also the constant carrent of (0.5 to 4 mA RMS and 30 to 100 K7 flows

almost through eughl the tissue of the muscles and blood because of lower resistiviny

18




I @ very simple madel, the impedance of thie lunb can be cansidered to be divided into

two parts: the impedance of both tissue and {luds, as Hlustrated in Figure (2.2 1.

oy
H

Figure 3.2: Simplified mode! of the unpedance of the limb [ 1]

Ta relate blood volume changes W impedance changes, we use the simplified
model of the limb, described in Figure (3.2), We desionate the cross sections of hlood
and tssuc and their longitudinal impedancas by 4, 4. 2, and 7, razpectively. The total

longitudingl impedance of the model 15
7= Pl 3211
Where: Lop Ly
Z: 1s the longtidual impedance of the model
Zu: 15 the impedance of the blood volume

7,018 the impedance of (he Lssue volume

20




The relationship between the impedance change of the limb and ithe impedance

change of the bload velume 1s found by differentating previous squation with respect

=
o A TJI;_.;. _?"‘EI:" ] I]

Uhe wmpedanee of the blood velumme with Blood resistivity gy, Hased on the eylmdzical
peometry of Figure (3.2 ). 18
S 344 T

Whers:
£t = hloind resistiviry

Aw — eross-section of the Blond area

! =length of the limb model
The relationship between changes m blood volume v, and the bload volume

impedance 15 found by sobvuing lor the blood volumz v Equation 3.4(3) and

differentiating;

-

gy = 2, )= —22_az, 3481 [

where = blood volume




We finally derive the dependence of the chiange i blood volume on the change n
tharacic impedance by solving for @4 in Equation 3.4{2) and substituting i1 into

Fquation 3.4 (4),

.:"1‘!',:. == e AA0) |. ]]

Determining the Stroke Volume

To determining stroke volume rom The valuc of A2 15 casy o detenmine with the

help ol the first derivative. According to the definition of the dervative:

= PIE) AT [N

Assuming that Lir cquals the gjection ime 1., A £ can be determined from cyjuation

BT = 7= (s, sA4E) ]

With the above assumptions. the impedance change A 7 can be determined by

niuitiplying the grection tme by the minimum value of the first dedvative of the

istpedance curve.




Fmally, the farmula for determuning the stroke volume is obtained by substiniting

Cquation3 4 7) inte Egualton3 4(3), which gives:

S = i_; 240) [11]
& o
W lere;
S¥ = stroke volame [ml]
iEs = resistivily of the hlaod [ € cm]
{ — mean distance hetween the inner electrodes [em]
£ = mean mipedance of the thor
ﬂrzl\ = absolute value of the maximum deviation of the first derivative signl
Al |y during systole
te — gection me [

Fipure 3.3 shows the relation ship between the changes in tmpedence due to

change in time, which we proved i equation3. 4 (6) and2 4 (7)




Figure 3.5 Relation ship between changes in impedance duc to change i lime,




Chapter Four

Applications of impedance plythesmograrphy

4.1 Measurement of the Impedanece of the Therax and Respiratory Monitoring

It the BEI 15 measured across the thomax | & vanation of approximately 11 2
ahms per biter of Tung volume change is observed |, which increases with mssication .
The impedance of the thorax 15 measured longitudinzlly by four band cleatrades, shown
i Figure 4.1, In the physical arrangement of the outer pair, one eleetrode i placed
around the abdomen and the Glher around the upper pant of the neck. For the inner
electrode pair, one electrode is plaved around the thorax at the leve! ol Lhe joint berween
the viphoid and the steruim. called the syplisiernal joint, and the other arouind the lower
part of the neck. In recent studies of impadance cardivgraphy, the band clectiodes ure

often replaced with normal FOG-electrades.

Zherrwasr e ol

S #nh =STEmE) P
Fig 4. 1: Placement of the band electrodes in the measurement of the thorax
mpedance, [11]




4.2 Apunea Detection

Fhe determination of apnea or weather respiration has stopped monlanis is one of
the most widely used applications off BEL For convenierce and due o the fazk of space
at e tharaces ol infants, onlv (woe ¢lectrodes are used. These ure placed at the med
thoracic level along the mudaxillay line and are also uscd 10 obtain the FOG, No ellar

i wsually made 1o quanutae the voleme change.

Filtermg is used 1o reduce the movements artifacts and automatic gains contrals
and adaptive threshold detection is used in the hreath detection circuirs. Due (o
mowements artifacts, the nermal breath detection rate m mGmts 15 nat highly reliable,
When respiration stops body movement cesses which climinates the movements'

artitacts und then apnca can be detectad.

4.3 Utérine Canfraction

Another intercsting non invasive method as an gpolication an the mpedance
plethysmography method i recording uterine contractions during labor in the presnant
human female The method emploved is skatched in (2. (4.2). Four silver electeodes (10-
cent enins) were mounted in-a hand that maintained the olodrodes aganst the abdomen

in the position shown in the Ggure.

Alow intensity current (100 KHz) was admitted by he two ouler electrodes {11, 12}, and
the voltage which is proportional to the unpedunce bemween the potential-measuring

clectiodes (E1. B2}, was contmuously recorded after amplification and demadul ation,

s




Lhe reeond of the unpedance change between the two potential-measuring slecirodes
was called an impedance Wsogram (TTIC). A tymcal example of utenne contractions
from pregnant human female appear in figureid 20, along with the clectrohystozeam
(EHG) . which 15 a recording of the slow changes in petential deteeted by elecivedes on
the abdeinen,

(y 'the basis of climeal observation they sugees! that the recorded tmpedance change

wiero reluted o mechamical displacement ol the wierus durng Contraction
Impedance hystography would appear 1o be safe practical method for recording the

frequency of uterine contractions with properly placed electredes, but little use has been

made of this techmque.

"T ?LJ > 1f&

"u"mf &emipnibier aerinlulaige

l\ /

Figure 4.2 Elecirodes placement 1o determmng ulerine contraction |3)




4.4 Peripheral bleod flow

BEl measurements are made on hmbs o determine arterial blood flow imo the
hmb or for the deteetion of venous thrombesis. In both applreations, an occluding culff
s inflated above venous pressure preyent out flow for a shorl perind of time.

Figure (4.3] shows the typicdl electrode arancement on the fen and Lhe position of
occluding cuff The cull is rapidly intlined 10 40 10 50 mm Ha. which prevents venous
outllew without sigmficantly changing arterial inflow, The arlesial inflow eauses
increase i1 the volume of the limb: The slope of the il impedance change as

determined by the first or four heats is used (o measure the arterial Tow rare

ra bk
) : |
T M LATED — |_,i|-,i,__
TO 50 mm g < |
T CEFLATED

Freure 431 Medsurement of arteral inflow dnd venous outfiaw, 75




Chapter Five

Design conecepis

5.1 Biosignal processing |

Belore we start discussilg the inan block Haprant, we wanl to discuss the

bie

genetal medical instrumentation system

Stimulus | Fieed Back
= -
-y /‘f ST R
= ' '
'1. _.-‘J .f"
s, - _.H"
o ‘
/ ————  Tramsducers Stanal Conditioning | ST = |
=20 Circuits ' ’ Display |
T ]
%
4 b
# X g
Storace
Measurand = i
|

Figure 5.1: General medical instrumentation system. [4]

Measurand: Lthe physical quantity, properly patient that the svstem measure.
I'ransducer: a device that convert one torm ol energy to ancther [orm.,

Signal conditioning Cirewit, may include amplifier, filters, and mustching eircuits,
Display: must be displayed in o form that the physician can undesstand {inelude

numerical, praphical, continuous form . diserate fonm),

0




Auxiliary element: include feed back, storage for conumunication goals and stimulus

5.2 Medical measurement constrains

- Frequency ranges of biomedical signal nre too siall a8 shown in Lahle 3 |

Tabled 1 Medical and phvesological parameters.
Principal
Paramerer or measurement Signul Irequency | Standard sensor or
measuring equine | range of range. He merhod
parameter
Flow
| Blowd Do 1=0Nml/sec =210 meler{eleciromagnetic
ar wltrasound)
| Blood pressure Strain— gage
| durect( arteral 10 406 mmHg de =30 AR MmELET
| Tndirect blood Cuff | auscultation
IEEIIW 25 =400 mum Mg | de - 60
| ¥ 1 D dilutuon , Mow
Cardize putput 4 - 73 hter / miin de - 20 meter
Plethvsmagraphy | Vanes with organ 3 Displacement 4
(volume change ) Measured de - 30 chamber or
impadance
I Strain gaoe on chest |
Respiration rate 2 — 56 breaths / min | 0,1- 10 impedinee
¥




|

- Low valiage: most of the biological signals having low amplitude | UV - mV ),

Lad

- Inaceessibility of biomedical parameler cannot be measerod,

e

. Sengor sieer may affect the measurement

n

- Manations of the of a parsmeter with time
6. Parameter may aflec] ather parametes
External Cheriy imay Camage the tisspe

3. balety problem.

9. Lack of knowledge shout human body.,

5.3 How System Work

In figure 5.2 whick show the zenzral block diagram of the meusursment svstem.
i consists {rom an escillator, constant current seurce, clectrodes, nstromentition
amplificr. oplocouplersamplitude detection ( aetive demodulator ) and display for

outpul siymul .

Measuring the impedance changes (and with them the blood vobame chunges) requires
4 electrades as shown in figure5.2. The twe middle electrodes detect a vilizge, and their
plucement defines the measurement sepment. That means that the blosd volume ¢ hanges
between these two clectrodes are measured. The outer slectrodes are used Lo emit the
small imperceplible current required to measure the impedance By using a RF oscillator
w0 abtain wanted {requency of nearly 50 k 1z 1o construct & constant current source (hal
Supply the system with a small amount of dc current say nearly 2 mA ) with high

frequency 1o certain that there is no stimulation  for skeletal muscle of (he tested

segtient of the limb - Due to the change in the limb volume because of the Blead flow

o
=




which make a change in the impoedance of that limb, this change can be detected as &
developing voltgpe by using another clecttodes Beeause the output sienal s very amall
i at's value, then by using an instrumentation amphifier o amplificate this sigaal and

riduce the notse by using a proper fiter . pething a suitable output signal

maasunement
segment

=
L

ta the measureament device

Figure 5.2: Applied Flectrodes in Limb Blood Flow, [10]




Lhe general block diwgram of impodance pletysmography lor m casuring blood Mow s

shown o figure 5.3,

[tk i oreslian

Olegillator Currenl

0 Kz Somes

—

|

Elec{l] ‘

Eloe{3]
Elec (4

-
Hstrunienliiiieas
Amphifier

Optacoupler Agtive

{ Tzubator) s BFF

Achve
Demaodulaio

Ay
| .PF

| He PLor
Crctllator

Frgure 5.3: The g_vcnf:r;il block diagram for impedance plethysmography technigus
tor measuring blaod flow i homan Limbs




3.4 Detailed Description

5.4.1 Oseillator

S0 Imtraduction

The ascillator 1s an clectronic cirewit witk no AC input (haviog DE far biasing the
active component), ial van produce an ac outpuf with specified frequency. In pencrsl,
the sseillator is an amplilier with positive feedback. the feedback nature determines the

specificd frequeney.

Oscillators are cireuits that produce specific. peniodic wavelorm such as souare,
tnangular, sawtooth, and sinoseidal. They sererally use some fonn of active device,
lamp, or ervstal, swrounded by passive devices such as resistors. capacilors, and

inductors, to gencrate the output.

Lhere are two main classes of osciilarars: Relaxation and Sinusoidal.

Relaxation oscillators generate the triangular, sawtooth and other nea sinusoidal
waveforms. Smusoidal oscillators cansist of wnplifier with external components vsed to
generate oscillation, or crystals that internally generate the oscillation. We focus here on

sine wave oscillator, created using operational amphfisr op Amps.

There are many types of sine wave oscillator circuits and variants i appication; the

choice depends un the (requency and the desired monotonieity of the pulpul wayefarm

I'he facus of our project is on the type called wein Fridpe oscillator




5.4.1.2 Wein-RBridze Oscillator

The Wein-Brdge is one of the siumplest and best Inown oscillators and is used

extensively i cuowmts o sudio application. Alse we chese it our project becauss 1

satisties bark howse condilions:

[, Closed foop gain must he eqiial one
A —
iy FO)
! Ay, @] =
.

Phase angle of the closed loop & zer.

The fgure bellow shows the hasic wein bridge cireun configuration

e

’+/ G

r:-g _L 0
l .

-

Figure 5.4: Wan-brdge oscillator (6]

Lad
F




Proof

A Tundamental part of the wien bridge oscillator is the lead-lag netwark like that
show in figure (5.5). Re and O together form fhe |az pomtion of the netwark: R and &
form the lead portion. The operation of this ciroutt is as follows, At lowar fraquencies,
the lead network detonutes due 1o the high resctance of O As the frequencios inereuse
Avy deergases, thuz o lowmg the output veltuge lo dderease, At some speeilied
reguency. the respand of the fag network 1akes overs the dearessiog value of Xes causes

the outpul voltage 1o decrease.

R TP~ { {— i| -l Ty

b
1

[Mgure 3.5 Lead-Lag network [6)

¥y - Gy lag porlion

Iz = €y lead portion

It transter function (Vo /Vip) —(RaV2) [(RoVZ)) + Ryt Z:] [8]
Where:

2y =112z fes=-jXa

Ly—1 2 afer=59X,

Chose Ry=Rys =R

Ly=0G=0C

_:1‘['.,".'.”[ i """1_[;}= H. ':, _|.i"..|_ |:R_|“'L.:'
(Rx) 1 [R (%) Rejx] 6]




By simplifying it we have
(Vow ! Vi) = RX /3RX +j R =X [6]
For 0F phese shuht
[V VMgl = RAMAEN = /53— 1 (6]
REK =0 > R-X=12xf,C
Where:
JTis the loop gain

{118 the resonant frequency

The hasic cireur! of wicn bridge oscillator in figure 5.4 cun be viewed as a non
nvertmg amplifier Conliguration with the input signal ted back lrom the out put through
the lead- lag network | recall that the closed - loop vam of the amplifier is determined
by the voltape divider -

A= (15 Re/ Rig ) = [+ R R ] |{|]
Ml ﬂi: |
ACL. (1/3) = | = the closed loop gain must be equal 0 3.

3—:L+R_|.'H_‘] = R=2RA .

Start up condition
Imtially the tlosed loop puin of the amplifier must be than | (Ag > 3 ) until the
eutput signal builds up to & desired level . the gain must then decrease to 1 so that the

output signal stays at the desired level . This is illustrated in ligures (5.6), (5.7), and

(5.8) respectively.




It £ =2, oscillations occur

l S )
T TT - » : I
II." 3 Il. . r. J ,*l- I;EL ‘.f "II ] -lll r. '||l ll,* l i ; .Il T Ir L&- r’ | .'I -.l i T
l A i S { O | | | | Tl T
\ Fl L I i E’ J | | I | ! 4 ] 1 | i II = l.I ] 1 ! \ L { ] 1
WY, 1l ' ™ T i) ; T T
| | | i L] | il |
o — —— 1. a" - ! Lid | IEAUBMIL, A G
~: .1‘  JELF | [ 1 ' | | I ]
T T f T 1 : 3 + 4 b
1 s ‘ | W | Ll & | i i B -".‘
! L IR 1 47 me i
(RS2
Time
Figure 5.6: Oscillation with =3 [12]
It & < 2, osallations attenuare
g . ] |
.rln.l
i | 'Irl'l - | —
s o O T ¢ W Y T I = T N
QT A A 0 T Y S 2 2 e () <30T, [ TS [
\ T r\“ T :
¥ |
Y !
g -2 0L dmis 0. Ems 0, B L. Bmpe
TG
Time

Figures. 7: Osctllation with < 3[12]
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I g = 3, escillatzon amphify

Figure 5.8 @ Cketllation with 0 =3 [12]

5.4.2 Constant Clurrent Souree

[n our praject since we need a constant currenl Lo be applied directly 1o the patient
limb It must be an .ac constant current to make no pain and so the patient will not focl
any sensation. Practically we use transformer to build up the constant current source, we
need g step up trunsfomer with very larpe resistor in senes with the <ecandary side of
the transiormer. The logd (skin impedance) becomes in series with thent hot of has no

eftect on the value of the current as i the following eguitation:

j=¥ Seaandary / I-‘!;I |H2 RI
Where:
B R2: in Kilo olhms

Ri: is the skin impedance in ohms.

15




il Kl

e ‘ RN,
-'-"'5-'1-'.1_ t_-‘t'l-li'JH a: g o currant
gseillator 2 & léct rode
| /{8 =

Fioure 5.9: Conslant current source

5.4.3 The Eleetrodes

Types of Electrodes:

| Surface Eleclrode (Non-Invasive)
@ Metal electode
< Suction elecrrode;

# Dy elecirode.
7. Needle Electrode {lnvasive).
2. Micro electrades (smgle cell),

4. Specific ion elecurode (PH clectrode).

Impedance plethysmography method uses four cloctrodes m order o do its basic

function. the outer pair of these electrodes (Flec (1) and Elec (2)) ae called current




clectrodes through which a small amount of cunent (0.2 ma and 30 KHz) are entered o
the patiend tissue, The other pair of clectrodes (Elec (3) and Flee 40 is called the
voltage electrode from wlhich we obtain (he change in blood volume or the change of the

impedance of the Lssue,

In our F'!:'l"r_i:."l.il W Ligedd A ~'|'|r'd_‘_,|| tvpe of ECG elictmdes palled Hant 1y § *!1L!=L1|"ll..'
clectrode. The principle of this electrade is to practically eliminate movement artiaen by
wvoiding any direct comact of the clecwrolyre paste or felly, w general disposable

electrodes are of the Noating lype with simple snap comaéctans by which the leads

which are reusable are attached




Chapter Six

Results

i ks chapter wa will mteaduce each circurr with actal values and 115 practical

resull: and wavelorms,

.1 Wien hridee oscillator

Yoiat

Figure 6.1: Practical wien bridge oscillutor [6]




The output for this stage iz 4 voll peak Lo poak.
C=C=C=700pk |
Ro=Rs=4.5K 00
f 2 RO = 1/ 2(3 143 SK.L 1(700pF | |

=2 fr =50

Figure 6.2: Wien bridge oscillator waveform.




6.2 Constant current source

Van fp—p)= £os
gt & P
Svoils e
= a1
> BL
o E: - E
— '/:l - =
J 7
5 g

3

Figure 6.2 Pruclical constant curremt sounce

Vsecondary / Vprimary = a

Where :

a ! is the gain factor

for pur transformer a— 10,

Vsecomdary = 10* YVprimary = 10% 4 — A0 volt { peak to peak )

Maure 6 4 Transfomer sutput wavelonm




| = Vsecondary (R, +13K) |
[ when By — 5300 £2 then . Vsecondary = 2¥500mV =1 valt

=1/ 3002 = 2 mA

This current s directly applied to the patient by current electrode |

Frgure 6.5 Voltage on the3 00 0 Joad.




Chapter Seven

Conclusions and future Works

7.1 Conclusinns

Liat

We design a hardware system ‘o detent the bioelectric impedanee change of the

huan limb using impedance Plethvameyraphy technique.

The impedance change associated with the blood fowing the hmb gives small

signal with small change beeause all of the biological signals are small (m my),

Ihe best position o the electrodes is on the artery path on the arm.

Ihe adhesive Ag-Agel disposable electrodes produced stable. reproducible

sigmils.

This part of the project is ended by getling the signal from the voltage electrode
and then this signal will be given to another complementary croup Lo determine

e cardise outpul.

46




7.2 Future works

I This system can be developed 1o be used for dinprostic purposes.

2, The same svstem can be used to measure another physiological parameter

sch as respuatory menitorig dépending on the volume charge of the lung.

&7
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Appendix A

Circuit Diagram
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The Arabic Meaning of some Words

Word Meaning
Apnea - (el f;'-laiél_!
Arlery O |
I |
ASSUMpTonNs : o ;L;Aa'n_,e!
Blood cireulation N _ A geadl o ) |
Blood vesscl . Saedele s
Bone marrow — aball plAS
capillaries Ay gadll el
Cardiovascular system s el
Clotting dalafi /A5
Coagulation Slad ) siad |
Conduclor _ s pa
Cross segiion | e ahe
Diastole 22043 gl calall talal
Flastic e daliaae | G e

LClectrical hazard i eS phad




Flow
Homogeneous

Impedance

[ntants

[nspiration

o

Interstitial Nuid

Intracellular

| Invasive method

Limbh

Lung

Mectabolism

Muscles

Non-invasive method

' Nucleus g
Oraan ac
Oscillator s An o A ga

Plethysmography




Probe o
solute e
Vein 2y
Systole e
Stimulation i
Volume e
Thorax Semns <)
Respiration s

| Utering contraction




Appendix C

Appreviations




Appreviation Total word

BEI - Biocleetne mpedance
RBC - Red Blood Cell
| WBC Wight Blood Cell .
|
Hgh . ' Hemoglobin
AC . | Alterpative Current
P ! Inpedance Change =
|
ECG . | Electrocardiogram
PCG | Phonocardiogram -
h
L IHG Impedance [listopram
B Electro Histogram
RF Radio Frequency




Appendix D

Data Sheet




Notdonal
Semiconductor

LM741
Operational Amplifier
General Description

The LI741 soror ave genddal purpose opensional ampili-
ore which [astune improved pedormancs over industry stan-
dards ko the LWT0S. They are direct, plug-in raplacameanis
for the 700C, LM201, MC1439 and 748 in moss appications.
The amplfiors oler many fealures which maks T appk-
calkm nearly ioolprood: ovenaad prowcSion on He inpul and

Aucl 2000

OLEDME, o lalch-up when the common made renges ke e
copcad. & wal B Neddom from oecilations.
The LM741C is idendcal o the LW741/LMT41A eccoo Sl

et LIMT41C has their pevionmance gusaniged over g 0°C 10
+TO'C tempermiurg mnde, indead of -56°C 1o 412570

Features

Connection Diagrams

Biohe tr UGTaTH i dieill ol ot BUENIR 1 0P ACTA

Ordar Rumbor LM74TH, LM74THSES (Not 11,
LM741AHSES or LT 10H
Buret NS Parkape Murmber 8"

Ceramic Fislpai

4 -
#OETSER WL

'1—-
o
LT 47w E'ﬁ
WP ; ——
W= | o
e

Ohrclapr Mioarmbeer W74 19000
ooy NE Packops Nomter W04

Typical Application

Dusl-in-Ling or 5.0, Package

SITEET B~ | 2 g
FATETING BT e Th=v"
e A1 | =] Ll b i
W
s &= EPOET i

e
Order Mumber LM741J, LET3L8E3, LIMT41CN
Gos ND Peckege Mumber JOSA, MOZA or NOSE

e 1 i b |

lsyiidwy [euoneledo L2




LEAT41

Absolute Maximum Ratings noe 2
0 ESiary/Rerospace spaciied devices e requived.
please contact the Malional Bemiconductor Salss Difica/
Disiritedors for svalilshilily snd spacticsiiong,
[(Noda: T)
L7414 LET4q LMTHC
Buspply Vollage +2 £/ 18V
Powar Disaipaiion (Mol 3) &S00 00 SO0 iy
Difterantial npud Vollags 3N +300 =300
Input Voliage (Mode 4) =18y =15V 16V
Ouwgput Shovt Careuit Dursiion Continuode Cortinupus Contingaous
Opexafing Tempesatne Fangs -55°C W +126C ~56°C 1o +125°C OCa+70C
Swrage Temparatre Rangs -&5'C ko +150°C -85°C fo +150°C 550 o F1BTC
Anciion Tempevalung 150°C 150°C 107G
Soldering Inkovmation
N-Fackage (10 saconos) 280°C 280°C 200°C
- or H-Package (10 seconos| 200°C 2000 a00°C |
- Packana |
Vapor Prase (B0 saconds) ZI6C 215°C 215 |
irirarad (15 Saconds) 216C i 1. o 25°C I
Soa AN-ED "Suace Mouning Methwats and Thelr Effect on Product Retisbiliy” Loy o medhods of
SOoMaring
Eriace MOt CeWaCas.
ESD Tolarance (Noda B) 400V 40 400V
Electrical Characteristics (ww 5
Paramader Conditions LT4IA LBT# LM7IC iniis
Bin | Typ | Max | Min | Typ | Max | Wl | Typ | Max
I Difset Volisge T, =250
Ay = 10 kez 10 | 80 Z0 |80 | mv
Ag = 508 0B | 30 my
ey g rlh o e '
Ay % BOEE 40 my
Ry 5 10 kT 80 Bl my
Average Inpol Offset 15 (=
Viottage Dwift
Inpur Offead Woliage Ta=25C. Vg=220V £10 £i5 215 mkf
Adissiment Range
inpui Oiisal Cuwran T.=25C aop| x 20 | 200 20 | 200 | nA
Tiams 5 Tt Tadane 70 &5 | 500 0] nd
Averaom fnpol Offset 06 A C
Corrard Dt
input Bias Cusvent Ty=25C x| 80 80 | 800 80 | 80| na
Tt B T Tonmax 0.210 15 08 | pA
Input Foskelanca Ta=25C, Vg = 220V 14 | 80 3 | 20 03 | 20 Xl
T Ta s Tasou 05 Wil
Vg = 20
frput Voltage Range Ta=25C =12 | 213 v
g T o g e ri2 | =13 v

v G ) &




Electrical Characteristics (nww 5) (Contnusd)

Porpnsedar COraRiEons L7414 LaTd LMT4IC (B
Min | Typ | Max | Mo | Typ | bax | Mo | Typ | Mex
Larga Signal Voltage Gan [T, =25C, R =2 k2
Vg = =20V, V= 15V 50 Wy
V=216V V= 210V 50 | 200 20 | 200 W
T 5 T4 5 Taaa,
R =2 ki,
Ve = =00V, Vg = £16W a2 Vi
Vg = 216V, Vg = £10V 2 15 Vimi
Vg = £5Y, Vo = 22V 0 Vimy
Ol Viokage: Swing Yg = 220V
A, =10 k2 =16 v
R =2 ki 215 ¥
V= 216V
Aoz 10 k2 £12 | =14 =12 | 244 Vv
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