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ABSTRACT

Wilh increasing use of X-ray devices tor diagnostic or therapeutic purposis, and (he lack
of awareness among patients of the risks resulting from non-compliance with procedures and
guidelines for 2ecurity and safety, hospitals nead emerged for the use ol alarm syslems lo protect
paticnls beneliciaries of the services provided to them in these sactions. One of the most
important of these devices - MRI - which depznds on its work on the magnetic lield
tremendously up to 2 Tesla, and here lies the danger to access this section, especially il the
passession of the patient's metal tools or was emploved persons for wheelchairs or Pacemaker or
medical serews used 1o install during bone injuries.

Lhis project aims o provide the MRI suite with an alarm system. The alarm system
includes thiee stages of warning and protection. The first stape uses optical sensor 1o detect and
alarm the staft when the patient crosses the optical line, The sccond stage alarm works in the
lorm of voice message if the visiror has metals. The moter driver ¢ircuit controls the suite door
by a received signal through PIC from proximity inductive sensor.




E 3ol Gaide

el sd ool ARy it il Al il £V iYL panh §5paly A Mlasiul 413 g

) Akl AaR2  CLRE) Aala D] At g el ShaLE L5 cts) el SN aie o A el plideally

Ry sl Jlga Bhgal) ke abioanl AL oy 3 ) LB Slaadd) e oyliiend] | el dglaal

13 Sl 6 shi (S Us e D T ) Jads Jilb peisbiiie Jlas o 4lis b daay oMy o enliigl)

plial gl AS adall Ll S pasdiall alAEY e 08 o diae gl g sall 5 pen U8 18] Lmpeed y a3l
Aoblay) el alliall ot 2 daaiiaal] Agdall S0 ) i il e

! ppga sl JNE gl pall Al 3 Jal B a0 GUAT el aieal I E g padl b Udagy

dhis] (o las Slia g (uan o dedotil A Adls e 2 Y GUAT Jany bl il geadd)

p A el B g L) sl Ll il agalS el puliall ) 380 afada A G Agea 3 L3

dgiima N ga .'H_g,:ﬁ-l.in.‘ﬁ.l'llj.hvﬁJ o pall B iesy ddima gl agag o8 CRESH Aa le SR pana aladS

el ) dali pfal 3 b o 2 (a2 aSadal) AL e L) jdeal 5 I 3 Al A pa Al e

Al g) e RS Lo e g A g b A Aa gl L) el B ) s gall 01 BNE) e Jan)
A5 150y @ Gaall (pa ISy gal) 0 e 2SkEl




Table of Contents

LASEOEFIEUres. . o e

BT T B b o T et e e e e S e e e e e e

Chapter (Une. ... ...y

R e s s i e A e T e o

o, T s o L 1 S o G w2 L Gl s

el T R ey e A s A fot e e i e e it e ey S MR P TR A RS Er e
kA Frojoot IaTportmmee: o o G maiaidnaa
st Byt L (et i e s b S e

1.6 Feenomical Study

i e 0L T LT 5 = S = By = s e 1 S &

e i e
Theaorotiealand physiologies] backovonnd: .o i s L s
2.1 Magnetic Resonance HOEEINE. . ..ooecr s reso e osrsssnmassssras s ssrrsssimesmistiansh
Fal s T Y T T T e e e DU s e
B LT T (L e
2.4 Fourier Imaging Technlques. .. ...coviviivnmiminn S R P e S
A g e L R a7 i P A e S iy B ) | s o
21 T T e e e T e e o e U S g e
LTS T T B 8 T e e N 5 O o gt e P e e
3.2 Creneral Block Diagram ..ol Rl

3.3 Description of block digeratn COMPONENTE: i ..\ rvssinssesinsnsssin imssrases it brsssass

P L < T e SRR o S
303 dne e PO I Iy B otURORET b et e e e e A L
304 P MICTOCOMTOLIBE . e ucavisvviansmersnaianssnsianssyinrs rs irss

A e B O s e e e e T e e e o e e e

CU IR T T

14

WAL
i

17

.18
.20
kel

o
.- 24
24
23

25

el
g

27

e
... 28

.29




F0, | IO EMEHON: . .. oooeemaqmnmines s oo nmdhire s bt £ s e el b e e )
3362 The-equivalent cirenit oF 8 DC MOLOr i ol i ai s 30
3.3.6.3 The Magnetization Curve of a DU Maching ... ..o vviimiiicsnnienenn e, 31
1464 DC Motors Principles of operation. ...
G e 3 0 e L e e i e it S
3355 BC motor ethciency el ClMIIOmE . .. ot i s i i i e asicm s ims s eds
oA vite view of the system. ..l nin B e
B B T T ek e e e
LT o S
55 SEERREE s e e e S S e e
A IR VR PN IR SISO i ot W da s Lo e R Ev o e e e S e e = et B
e ()T )
g I N e s oy s S e R SRR S i
A L R T R e e e R S e e b a7
BT IHE MAODOES - ..o ss emmrm sms st S mfr s e ve S o S s 8 e 40 0 54 AT Py 00
4 Ao Contml e PE B e s b s i e e P e S e e e
A Y e e e e
T P s e e e verae s
Svstemn Implementation And FEstnE. . v.e .o eeinsvesioniensinniiin ersmrraryens
S niracet BERERE i s s e e b R s R e
S RP e S T T T T U L T o T S W

T e s e T e B e P ol o e s e L OO e

tdy

S Indine e ProNTIty BORROE, | i ioie aamimnasmsey sramn o nmnmsmms smmamn e 2 Ame e
e B Ty L e Oy

5.7 Sollware Implementation. .. .. .o ieeiiaecisnniessssinns e sem s s s smss 1 b e s e ms e ms s

B B AT BT R 2 e s A RN e B R P e Pt e L s aa iV

= TR ol LR AT o0 L) o 2T et 1) [ e O S O e e DU SOl

CORICTUS Lo S OO VIR e o vk i s 4 i e S s B B A AT SRR A

R A R o - i e e s R S e s S e B

R T T T i e i e M N . S B JORE SO e O L




List of Figures

Figee i 11 Stong magnetic el of MR .....coiiiiaimm i m i s i e
Figure (2.1} (a) Zeeman splitting of the protan eneray levels induced by application of &
static miagnetic feld. (b) Precession of all of the proton magnetic moments about the applied
magmetic feld. (e) Wet magnetic moment at aquilibrinm aligned in the direction of the

|

Figure (2.2} {a) Maxwell pair used Lo produce a linsar magnetic field in the z direction. ()
Four-clement Goelay coils used Lo produce a linear magnetic ficld in the v direction. ... ... 17
Fimure (2.3 ) MR COMPONENTS . 1o oe it oo ieeesteere e veeseerseeet ot sane et ooe e tinnn e 18
Figure (2.4): (a) Gradient-echo imaging sequence. (h) Spin-ccho imuging sequence™ . 18
Figurs (2.3): Sazinal images through the human beain with less (1) and more (b) T2

RN e i e s kR R et o S s e P T e B B 20
Figure (3.1} General block diagram._ ... P S e i A P A R (o ey an B A 25
Bigara(3:2) - Power supplyiebreiit. o o o i Py 8 e Y 8
Figure (3.3): Infrared radiation wave lengthooocon i s R e B S 26

Figure (3.4): (a) inductive proximity zensor. (h) Element of a shple inductive sensor. ... 27
Figure (3.3} Microcontroller general Block dIAZIamt ..oooiivi i ieeiisismssivansssivnssibcvsins e 28

Figure (3.6): The equivalenr cirenit of a de mator 0, S Gy A SR R R AR a1
Figure (3.7): The magnetization curve of a ferromagnetic material "' .. ... .. ... K
Figure (3.8): The magnstization curve of a de machine ™o e 32
Figure (3.9): A common DC metor parts T e I e [ ] B a2

Fagure £3:10): Kannle Blectic Mome e i e i
Fioure (3.1 1) Sitaview 0F the MBLSUIE, oo e csimis e simsmt sseres varasnronasmsmses ossses ronsr 6
Elarre{d ] ) Pins ol TR SORSIE . v e s T S e P i e R

Fipure (4.2} connection of IR sensor with PIC. R R R e K e S e T T T AR
Figure (4.3): (a) external shape of speaker, (b) intem u1 coImponent ﬂr‘tr‘lLHLL .................. 40
Figure {44 continuous square signal from PIC 10 Spuaker.. . vovmermisniisiisssianisseisssasis 41
Figure (4.5 ): Power supply block diagram. . e e e Ry e T 41
Figure (4.0 (a) Shape of proximity sensor, {|.'IJ' Iupul and output values with presence of

metal, {¢] Inpul and culpul values with absence ofmetal ... . 42
Figure (4.7} connecrion of inductive proximity scnsar circuit R AR T A e e
Figure (£.8) PUC P GIAETAIML . .eveirars i ceeses e ssmss s et cnems ossmesanesbeses b 1m smes st smeesmsns samtberas 45

e (8 P ORI o b A s e e e S sl bt s st D
Figure (4.10): H-bridae principle of operation. ... s sisssnsiesnesss 47
Figure (4.11) Circuit of power controller (Hapridge). ... 49
Figure (4, i 220 Tanat sWieli SREDC, . cverrinisiiyaiinsie i miasiis sl iaiiosmiin P e 50
Figure (A.12.0b) Limit switeh termmingls. e e e s s g sens D
Figure (4.13): Limit switch terminals are used and not used. ... .ooi oot iieieiien 51
Figure (4, 147 Limit svteh terminals Sommettions.. oo veiesssns s s s srmsens s o1 Bk

-




Figure (4153 b.c ): Different views of conveyor Bl ... e e, .53
Figure (3. 1.a): Flow Chare of first stage........... ... .57

Figure (5.1.b): Flow Charts of second and third stages. ..o e, 58




List of Tables

Lable (1.1): Time plan for first semester 14

. Table (1.2): Time plan for second semester 1
Table (1.3) : lotal cost table 11
Table (2.1): Tissue relaxation times at 1.5 tasla 15
Lable (2.2): Quality assurance tests lor MRT systems 20 |

i Table (2.3): TDA safety guidelines for specific absorption rate {SAR) and 21
time rate of change of magnetic field (db/df) in commercially manufactured

- MR] svstems
Table (4.1} States of Transistors and Motor Behavio. S0




Chapter One

Introduction
1.1 Overview
1.2 Related Works
1.3 Objectives
14 Project Importance
1.5 Time Plan
1.6 Economical Study

1.7 Report Road Map




Chapter One

Introduction

1.1 Overview:

MRI stands for Magnetic Resonance Imaging. It is a painless diagriostic
procedure which allows physicians to see detailed images of the internal structures of
the bady without using X-rays. It uses a larpe magnel, radio waves and a computer to
sean the body.

This technology is important beeause MRI seuans illustrate more clearly than
ever before, the difference between healthy and diseased tissue, and can provide
impuortant information about the brain, spine, joints and internal organs. 1t can lead to
early detection and treatment of disease and has no known side effects. Consequently,
phiysician will be better able to determine the most appropriate treatment.

Some types of medical implants are generally considered no aceeplable [or
MRI examinations, while others may be acceptable for patients under high specific
MRT conditions, Patients are therefore always asked for complete information about
all implants before entering the room lor an MRI scan. Several deaths have been
reported in patients with pacemakers who have undergone MRI scanning without
appropriate precautions .

So, it is important 10 know aboul metal anywhere in or on the body because
the magnct is never lurned ofl] and just by entering the scan foom you come within
the magnetic field. Certain metallic devices interfere with the scan. and their presence
during the sean may cause injury. IL is very imporant to know if you have a
pacemaker or other implanted electrical device, a history of heart or brain surgery,
cerebral aneurysm clips, shrapncl, or a history of getting metal fragments in patients
cyes,

One of the main purpoese for this project is o find an alarm system in MR] suit
lo protect patient who has metallic material or implemented device.

Figure (1.1): Strong magnetic field of MRI




1.2 Related Waorks

When we decided to work at this project, we searched hard o view the
previous studies that related to our project represenied by MR salety system. So, we
will view a related work about our project and its idea.

After our rescarch, we get the [ollowing studies sharing some ideas with our
praject, list as follow:

1) MRI Suites: Safety Qutside the Bore
Taohia Gilk. M.Arch September/October2006s.

This paper discussed about hold unique dangers for patients and staff in MR
suile, high-strength clinical MRI scanners arc up o 60,000 times the strength of the
Farth's own ambienl magnetic feld. While exposure to magnetic eneraies has shown
no harmiul biological effects  unlike modalities that rely on lonizing radiation such
us CT or conventional X-ray — there are still many accidents and incidents that
jeopardize the safety of patients and staft in the MRI suite ,s0 from this paper we
thought ahout system designed to alarm and protect patient and stafl’ from this huge
magnetic ficld |

2) MRI Safety at 3T versus 1.5T
JenniferderroldsR.T.(RYCTHMR),ShancKeencMBARRT-NPS,CPF1,
RPSGT2009.

I'he purpose ol this article is to educate medical professionals on the safety
concerns that arise when a healtheare organizations converts from a 1.5 Tesla MRI
scanner to a 3 Tesla MRI scanner. so thal huee magnetic field affect the existence of
metallic part out and inside the MRI room and from this article we now (hal the
protection must include cireuits and sensors sensitive to metallic part  to protect
paticnt and stall and equiprrents.

3) MRI1 safety, Guidclines for safc MR practice
MD.R.Ahsan,Muhammad LTbrahimy.2009

This paper talk about the existence of magnetic ficld in MRI suite il include
information aboul the magnetic hield inside and vutside the room of MEI include A
laree superconducting magnet information that producing the main masnetic ficld.

Static magnelic fields are measured in Gauss (G) or Tesla (T), with 10.000 G
being equal to 1T, Most high field magnets are 1.5T or 3T but svstems up to 101 are
commercialized. According 10 the most recent recommendations and guidelines
provided by the United States Tood and Drug Administration (FDA), clinical MR
systems in the US arc permitted to function on a routine clinical basis al slatic
magnetic ficld strengths of up w 8.0 T. lo put things in perspective, the earth's
magnetic [ield varies from approximately 0.3 1o 0.7 G between the equator and the
poles, respeetively, So 1.5T = 25,000 times the magnetic field of the earth.

Radio Frequency field (RF):A Radio Frequency pulse (a short burst of an
clectromagnetic radiation) is used in MRI (e "excite” tissue protons by an exchange of
energy. Ihese protons give a signal in return. The RF spectrum typically used in MRI




covers Ine same frequencies that are used by radio stalions {around 100 MHz), The
RF transmission can aflect electronic devices,

Gradient magnets: They are smaller magnets, used to alier the main magnetic
ficld and allow the signal from the patient to be spatially encoded into & picture. They
ure tumed or/off very quickly during seanning, causing the knocking noise associated
with MRI.

The most immediate danger associated with the environment is the attraclion
between the magnet and ferromagnetic metal objects. Those objects can become
airhormie projectiles. Even hand-held objeets can be jerked tree very suddenly as the
holder moves closer Lo the magnet even, the magact iz net "off".so we wont to do
svstem that NEVER bring any metal objeets into the scanner rooms to protect patient
and staff and material and implanted device especially metals in body.




1.3 Objectives;
The objectives of the project can be summarized as follows:

1. Study the salely protocals related ta MRT suite.

2. Design an alarm syslem using apiical sensar,

3. Build metallic detection cireuit using induetive proximity sensor.

4. Design a control and maiching system depending an microcontroller,

5. Build & safety mechanisni (Door) that is operated manually,

1.4 P'roject Importance:

The main reason for selection this project is to design an alarm system W wam
and protect patients and visitors in MRI suit from the huge magnetic field.

The importance of the project can be swnmarized as tollows:

L. Patient protection and safety is the most important issue in radiology
departments, espeeially in MR sudte

2. Organizing the entrance and exit of patients and visilor o MRT suite is also

very important for the department’s staff in order to organize the working

EMVITOMIMENT.

Organizing the working environment will improve the condition of the wark

and lead to better performance,

ad

Have such svsiem is economically important, since it suves and protects metallic
equipment and tools with the patient and inside the suite from the hazards of magnetic
figld of MRI machine.




1.5 Time plan

Lhe following table (1.1) illostrate how the time is managed through the

SEmester,

Table (1.1): Time plan for first semester.

Week

lask

Projcet
determinations

Data gathering

Desian and
analysis

Documentation

3‘9 10|11

12 13

Table (1.2): T'me plane for second semester,

Hard ware
Desion

Implementation
And Testing

Soft ware Desipn

Documentation

10 11

121 13




1.6 Economical Study
This section lists the overall cost of the components that will be used in
mnplementing this project. The hardware components are listed in tahble (1.2),

Tablec (1.2); Total Cost table

Component Quantity Cost{J1))
NC Motor z 40
Resistance S0 5
Induetive proximity 2 18
sensor

Optical sensor 1 12
PIC 2 40
Conveyor | 3
Project Model 1 S0
Other components 3 50)
Total Cost 245




1.7 Report Road Map:

The documentation for this project is divided into four chapters, the ollowings
explain bricfly, the comtents of each chaprer;

Chaplter 1: Introduetion

This chapter presents overview, related work, project objectives, importance
of project, and econnmical smudy.

Chapter 2: Theoretical and physiological background

This chapler includes the Magnetic Resonance lmaging, Busis of Magnetic
Resonance, Magnetic 'ield Gradients, Tourier Imaging Technigues, Quality
Assurance, and Biocleols.

Chapter 3: Project Conceptual Design

This chapicr includes general block diagram. Deseription of block diagram
Lemponents,

Chapter 4: Project Design

This chapter includes description of design each cirenit and ealculation for
infrared transmitter and infrared receiver jand some picture descript the work of
comparator and power eircuil, and table descript motor direction,

Chapter 5: System Implementation And Testing

This chapter includes description of who system implemented and the ways of
tested it And include the flow chart of the project with sofiware design. This chapter

also meludes conciusion and future work.




Chapter Two

Theoretical and physiological background

2.1 Magnetic Resonance Imaging
2.2 Basis of Magnetic Resonance
2.3 Magnetic Field Gradients

2.4 Fourier Imaging Techniques

2.5 Quality Assurance

2.0 Rioefects




Chapter Two
Theoretical and Physiological Background

2.1 Magnetic Resonance Imaging

MRI is a non-ionizing technique with excellent soft-tissue contrast and high
spatial resolution (-1 mm). The temporal resolution is typieally much slower than Lor
ultrasound or CT. with scans lasting several minuies. The cost of MEI scanners is
relatively high, and the large superconducting magnet requires special housing in
clinical environments, The major uses of MRT are in the areas of brain disease, spinal
disarders, angiography, cardiac asscssment, and musculoskeletal damage.

1.2 Basis of Magnetic Resnnance

The first requirsment for MRI is to produce a strong, temporally stable and
spatially homogencous magnetic lield within the patient, The majority of magneats use
superconductor technology to produce the magnetic ficld. The supereonducting wire
must be able to camry a large current, which limits the marerial to certain alloys,
particularly niobium-tilanium, which is formed into multi stranded filaments within a
copper conducting matrix,

I'his supercomducting matrix 15 housed in a stainless steel can containing
liguid helium at a temperature of 4.2 K. This can is surrounded by a series of radiation
shields and vacuum vessels, with an ower container of liquid nitrogen being used o
cool the vulside of the vacuum chamber and the radiation shiclds. The most common
lields for clinical scanning arc 3-tesla systems, although systems operating at 7 tesla
now ¢x1st for experimental human investigations.

When protons are placed in a slrong external magnetic field, the interaction
between their magnetic moments and the magnetic field means that they can align in
two different configurations, commenly termed “*paralle]™ and “anti-parallel™ states,
shown in Figure 2.1. The number of protons in each state is given by the Boltzmann
distribution:

AE hB,
MT“{,.[ Fn— {?l ] =3

N zalkl kT kT

Where Bil is the strenpth of the magnetic field. k is Boltzmann's constant, h is Plank’s
constant, AE is the energy gap belween Lhe two states, and T is the temperature in
Kelvin, The size of the MRI signal is proportional to the difference in pepulations
between the two encrgy levels:

rhill
Nurtd — Nati-parabd = N, m* 22

Where, Nt 15 the total number of protons in the body. Despile lurge static magnetic
fields, Equation 2.2 shows that al a proton. there is a population difference of only
approximately ten protons between the parallel and aati-parallel orentations. In order
to stonulate transitions belween energy levels. electromagnetic energy has to be
applied al & frequency (v) corresponding to the difference between the two levels:

‘e
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Figure (2.2): (a) Zceman splitting of the proton energy levels induced by application
of a static magaetic ield. ib) I'recession of all of the proton magnetic moments about
the applied magnetic field. (c) Net magnetic moment at equilibrium aligned in the
direction of the magnetic ficld.
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It one considers each magnelic moment as a vector (Figure 2.1), then the
cquilibrium condition iz characterized by the z-component of magnetization (Mz)
being MO (the total magnelization of the palient), with the transverse component
(Mxy) cqual o zera. After a pulse of radiofrequency (RF) energy has béen applied.
Lthe magnetization is tipped from the z dircetion (Figuze 2.1) into the transverse plane
and precesses around Lhe direction of Lhe applied magnretic field at the Lacmor

frequency, given by v 32 gB0. Afier spatial encoding using magnetic field pradients,

the signal is detected via Faraday induetion using an RT coil, Often, the same coil i3
used to transmil the RT energy and to detect the sipnal, There are many forms of coil,
dependmg upon whether the RF ficld produced should be homogeneous over a large
volume of the patient or only a small localized volume is to be investigated. Since
Faraday's law states that voltage is proportional to the time-dependent rate af
magnetic flux, a higher BO [eld gives a higher precessional frequency and hence a
higher signal voltage. Overall, therefore, the messured MRI signal is proportional to
the square of the BO value, providing a major impetus to the ever-increasing slalic
magnetic ficlds.

Absorption of electromagnetic cnergy by the spin svslem resulls in a non-
Boltzimann distribution ol the population levels, equivalent to a non equilibrium value
ol the Mz and Mxy components of magnetization. The return to thermal cquilibrium
i5 poverned by two different relaxation times: T1 determines the relurn of Mz to MO,
and 12 the relumn of Mxy 1o #ero. Dillerent tissues have quite different values of T1
and T2, us shown in Table 2.1, and these differences can be used 1o introduce contrast
into MR imapes.

Table (2.1): lissue relaxation tmes at 1.5 Lesla

Tissue : T (ms) 75 (ms)
Fat 260 &0
Muscle L 15
Brain { gray matter) 200 | i)
Heain (while maticr) Ta0 LTH)
Liver 00 4n

Cerebralsping] Muid 2400 160




2.3 Magnoetic Field Gradients

In erder to introduce spatial information into the MR signal and thereby form
images, magnetic field gradients arc used 1o make the proton precessional frequency
spatially dependent. Three separate gradient coils are required to cncode the three
spatial dimensions within the hody. Sinee anly the z-component of the magnetic field
inferacts with the proton magnetic moments. it is the sparinl variation in the -
component of the magnetic field (Bz) that iz important. lmage reconstruction is
simplilied considerably if the magnetic fizld gradients are lingar over the regiom to be
imaged; that is.

. RINRY . SO Y
=4 =

y =Gy = Gy. !
irz T 3 idy s e

By convention, for human studies, the z direction lies along the head-to-foot axis; the
y-axis corresponds to the vertical (spine to abdomen) direction, and the x-axis gocs
ITom side to side (right w lefl). The magnetic tield. Bz , experienced by all nuelei with
2 common coordinate 7, is:

Ii: — E_I- 1 :‘;J1 2.5

where (iz has units of fesla per meter. The corresponding processional frequencies
(vz) of the protons, as a function of their position in 7, are given by:

iy, = ¥B; = By + 26G;) 2.6

Analogous exprassions can be obtained for the spatial dependence of the
resonant frequencics in the presence of the x- and y-gradients. The requircments for
gradient coil design are that the gradients be as linear as possible vver the region
being tmaged, that they be efficient in terms of producing high gradisnts per unit
current, and that they be fast in switching times lor use in rapid imaging sequences.
Copper 1s used as the conduclor, with chilled-water cooling to remove the heat
generated by the current. The simplest configuration for a coil producing a gradient in
the z direction is a Maxwell pair, shown in Figure 2.2 (a). which consists of two
separate loops of multiple tums of wire, gach loop containing equal currents lowing
in opposite directions. The magnetie field produced by this gradient coil 38 zero at the
center of the coil
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Figure (3.2): (a) Maxwell pair used to produce a linear magnetic lield in the 7
direction. (d) I'our-element Golay coils used to produee a lingar magnetic field in the
y direction.




and 15 linearly dependent upon position in the # direction over about one-third of the
separation of the two loops: The x- and y-gradient coils are completely independent of
the z-gradient coils: The usual confipuration is 16 use four ares of wire, as shown in
Figure 2.2 (b). When the current in the gradient coils is switched rapidly, eddy
currents can be induced in nearby condueting surfaces. such as the radiation shield in
the magnet, Thesc cddy currents, in tum, produce additional unwanted gradients that
may decay only very slowly, even after the original gradicnts have been switched off
All gradient coils in commercial MRI systems are now “zctively shielded™ 1o reduce
the effects of cddy curmrents. Active shielding uses a second set of coils placed outside
the main gradient coils, the effect of which is to minimize any strav gradient fields,
The MRI components shown in figure (2.3);

MRI Scanner Cutaway

IFigure (2.4): MRI components[1)

1.4 Fourier Imaging Technigues

Acquisition of the data required for comventional MRI comprises three
independent components: slice scleetion, phase encoding, and frequency encoding.
The combination ol a [requency-selective RF pulse and the slicc-select gradient
excites protons only within & thickness given by Dv=gGslice, where v is the
frequency bandwidth of the pulse: protons outside this slice arc not excited,
Application ol the phase-encoding gradient Gphase for a time tpe prior to data
acquisition imparts a spatially dependent phase shifl into the signal given by:

ffJ[{;}q fw} = MTTF = '}1{;‘-)..!-‘“1 1?

where v is denoted as the phase-encoding direction, During sipnal acquisition, the
frequency-encoding gradient Gfreq generates a spatially dependent precessional
frequency in the acquired sipnal. Overall, ignoring telaxation effects, the detectad
signal is given by
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where rix.y) is the proton density (that is. the number of protons at a given (xy)
coordinate) and x s the frequency encoding dimension. If two variables arc defined:
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then the acquired MRI signal ean be cxpressed as:

Stha ki ) ox J J plx, y)e Prharg-Brbrgedy

2.10
sicr skee
Image reconstriction is abtained by an inverse two dimensional
Fourier transform:
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Figure (2.5); (a) Gradient-echo imaging sequence. (b) Spin-echo imuging sequence!®

The two most commonly used segquences are shown in Figure 2.4 The
gradient-echo sequence is used for ropid imaging, whereas the spin—ceho sequence
has a higher intrinsic sensitivity. Each imaging scquence is repeated Ny times, with
the phase-encoding gradient incremented lor each repetition, These results in Np lines
being acquired in the ky direction, and Nr points in the kx direetion. Two delays are
defined and can be altered by the operator: TEathe echo time, which is defined as
the delay between the middle of the initial RF pulse and the center of the data

acquisition ime. IR Yathe repetition time, defined as the time between successive

applications of the sequence. When the effects of T1 and T2 relaxation are taken into
account, it can be shown that in a gradicii—ccho sequence, the image intensity 1x.v)
1% given by:
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where T is the spin-spin relaxation time, including the effects
of magnetic field inhomogeneity. For a spin-echo imaging
sequence, the corresponding expression is

He.ylxp .1._;‘.‘{| il }u £Ef 2113

I he times TR and TE within the imaging sequence can be chosen 1o oive dilferent
cantrasts in the image. For example. Figure 2.5 shows the effects of increasing the TR
on a simple brain scan scouired with & spin echo sequence.

One of the most important technical developments in the past few vears has
been the introduction of parallel imaging, in which a degree of spatial encoding is
performed by an array of small RF coils. Using this (vpe of technology. the number of
phase-encoding sieps can be reduced up lo a theoretical limit of the number of BF
coils. thus speeding up data acquisition considerably. Most cominercial svstems now
oller this capability under various acronyms, with acceleration factors up to an arder-
of-magnitude having been shown in developmental sysiems.

k]

Figure (2.6): Sagittal images through the human brain with less (2) and more (h) T2
weiphting [6]

2.5 Quality Assurance

Quality assurance in MRI reflects the principles of image lormation and
display that determine the appearance of any medical image. Tests such as resolution,
coentrasl, linearity, and sensitivity are a necessary part of evaluating equipment
performance. The actual testing methods and the standards for perfommance are, of
course, unique to MRIL There are two approaches o quality assurance measurements.
Direcl measurement of image quality through evaluation of end paints such as
imaping system uniformity is cssential Some imaging cenlers go [urther: they




measure intermediate steps in the imaging process such as tip angle or gradient pulse
shape 1o identily problems before they produce noticeable eftects on image quality. A

number of guides now exist for quality assurance in MR1LE=10 These guides cover

the range and recommended frequency ol quality assurance measurements of these
measurements. Table 2-2 summarizes some of these recommendations.

TABLE 2.2 Quality Assurance Tests for MR1 Systems

Frequency Tests
Daily Resonance frequency
Signal-to-nose ratio
Monthly Image uniformnty
Lineanty, hard copy
Yearly Magnetic field homogeneny

RF pulse shape and amphtude
Gradient pulse shape and amplitude

2.6 Bioefeets:

The US Food and Drug Administration has published guidelines for safe
operaling characleristics of MRI systems. 1] Manulacturers must follow these
suidelines in order to obtain approval o markel MR devices. Exemptions o Lhe
ruidelines require submission to the FDA of scientific evidence verifving the safety of
patients il the gwdance levels are exceeded. Under FDA gpuidance for clinical MR,
the maximum static magnetic field strength is 4 tesla and the maximum acoustic noise
level (caused by thennal and mechanical swess in the magnet duc to gradicnt
swilching) i1s 140 dB. Lhe specilic encrgy absorplion rate and the tims rate ol change
of the magnetic fields are addressed in three categories as “normal mode,” “tirst level
controlled,” and “second level centrolled.” Nornnal mode refers to routine operation
for patient stuches. In ficst level controlled mode. a clear indication that the unit will
operate in this mode must be visible to the operator and a positive action must be
taken by the operator to initiate the sean. In second level controlled mode, security
measures such as a key lock or a software password must e used. These parameters
are described in Table 2-3. A1 the present time, there is no conclusive svidence for
adverse biologic effects in normal patients scanned in MRI systemis using parameters
that have been approved by the FDA. There are areas ol concern, however, thal are
being monitored in a number of studies, Some of these smdies are deseribed in the

T




following section. Arcas of concern are categorized according to the main physical
fcatures of MRI. namely, the static magnetic feld, time-varying magnetic field, and
RF encroy.
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Chapter Three

Project Conceptual Design

3.1 Introduction

In order to design and implement an alarm system or (protcetion system) to
detect any picce of melal in or on the person  hody  before entering the MRI scan
roam, it is desirable Lo detecl Grst il there any person entering the radiology
department or not. Therefore, it is important 1o implement an infrared transmitier and
receiver circuits which provide a signal if there is anvhody there.

3.2 General Block Diagram

In order to design and implement an alarm system for MR department safety,
the fist step is required to alarmi the staff about the colrance of the persan to MR
depariment. The second step is to design an alaem circuil Lo detect if there are metals
or metallic devices or implants in or on the patients. I the patients have metals a
volee message will loud and deor will be closed

. The general block diagram of the alarm system for MRI department is shown
in figure (3.1).
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Figure (3.7): General block diagram

3.3 Deseription of block diagram components:

3.3.1 Power Supply:

A pawer supply is a system that supplies elecirical eneruy to all project parts.
This tvpically involves converting 220 volt AC to a well-regulated lower DC voltapes
for electronic devices.

Figure (3.2} illustrate that the power supply unit contains the following:

1. Transtormer: To transform high AC volmge to lower AC vollage.

=

Rectifier: To convert the AC voltage to pulsating DC voliage.

Filter: To reduce the variations of output voltage of rectificr.

Begulator: To produce well-regulated DC voltage.
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Figure (3.8): Power supply circuit

3.3.2 Infrared Sensor:

Infrarcd radiztion exists in the electromagnetic spectrum at a wavelength that is
longer than visible light. Objects that generate heut also generate infrared radiation

such as animals and the human body, Figure (3.3) show infrared radiation wave
iength according 1o vistble light.

1ndad Al TV shuﬂmvj A
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Wavelangth [nanometers)

Figure (9.2): Infrared radiation wave length

‘The sensor uses the light absorpiion principle. with the light source an infrared
light cmiting diode (LED) cmits light with wavelength approximately 850
nanometers, lighl reaches obstacle and refleets back. There it is picked up with
phototransistor. Voltage in measurcment poinl changes. and this change s
proportional to picked up light intensity. Tn simple terms. the Sensor detects obstacies
by comparing the amount of light emitted by the LED with the amount received by

the photo-diede, The amount of obstacles present is inferred [rom the reduction in
received light.




333 Inductive Proximity Sensors:

A proximity sensor is a sensar able to detect the presence of nearby objscts
withoul any physical contact. A proximity senser often emils un electromagneric or
electrostatic field, or o beam of electromiponstic radiation (infrared. for instance), and

looks for changes in the field or retum signal. The object being sensed is otten
referred to.

The maximum distance (hat this sensor can detect is defined "nominal range".

3.3.3.1 Element of a simple inductive sensor:

Figure (3.4) show: (a) inductive proximity sensor, and (b) element ol a Simple
Inductive Sensor.

3 4 5

Figure (3.10): (a) inductive proximity sensor, (b} Element of a simple inductive
SCIISUT,
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3.3.4 PIC Microcontroller:

A microcontroller is a computer control system on a single chip. It has
many electronic eircuits built into it. which can deeode written instructions and
converl them 1o electrical signals.

lhey have a high concentrativn of on-chip facilitics such s serial por,
parallel inpulioutput ports, tmers, counfers, inlerrupt control, analog-to-digital
converters random access memory, read only memary, ete. these on-chip peripherals
of a microcontroller make it powerful digital processors, the degree of contrul and
programumability  they provide significantly enhances the effectivencss of the
application. Figure (3.5) show the PIC Microcontroller generul block diagram:

CPU !\’:? ROM

RAM

FPROM [ata Bus
or EEPROM : :

IO control =
and status
registers

Data baffer Address Bus

Address latch :>

L. & ¥ §

Figure (3.11): Microcontroller general block diagram.

3.3.5 Power cirecuit controller:
[ts function is controlling the elecirical energy given to the motor w control
the door movement, and in this case de molor is used.

YA




3.3.6 DC Motars:

3.3.6.1 Introduction:

At the most basic level, electric motors exist to convert electrical cnergy inlw
mechanical energy, This is done by way of two interacting magnetic lields: one
stationary, and another allached to a part Lhat can move. A number of types of electric
maolors exist, de mators have the potential for very high toroue capabilities (although
this is gencrally a function of the physical size of the motor), are easy 1o miniaturize,
and can be "throttied” via adjusting their supply voltage. DC motors are also not only

the simplest, but the oldest electric motors.

The basic principles ol electromagnetiv induction were discovered in the carly
1800's by Oersted, Gauss, and Faraday. By 1820, Hans Christisn Qersied amd Andre
Marie Ampere had discovered thal an electric current produces a magnetic field. The
next 15 vears saw a flurry of eross-Atlantic experimentation and innovation, leading
finally to a simple de rotary motor. A number of men were involved in the work, so
proper credit for the first de motor 1s really a funetion ol just how broadly you choose

Lo deline the word "motor,”

X maotors are, driven from a de power supply . Unless otherwise speeilied ,
the input voltage to a de motor is assumed to be constant . because that assumption
simplities the analysis of motors and the comparison between different tvpes of

Molers,

3.3.6.2 The equivalent circuit of a DC motor

The armature circuit is represented by an ideal voltage source Ey and a
resistor R, This representation is really the Thevenin equivalent of the entire rotor
strueture, including roter coils. interpoles, and compensating windings, il present. The
brush voltage drop is represented by a small hattery V., opposing the direction of

curtent flow in the mashine. The ficld coils, which produce the magnstic fux n the
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generator, are represented by inductor Ly and resistor Ry, The separate resistor Ry
represens an external variable resistor used to control the amount of current in the

field circuil.

‘There are a few variatins and simplifications of this basic equivalent circuil.
The brush drop veltage if often only & very tiny [raction of the generated voliage in a
machine, Therefore, in cases where it is not too critical, the brush drop voltage may be
left out or approximately included in the value of Ra. Also, the intermnal resistance of
the field coils is sometimes lumped together with the variahle resistor, and the 1wzl is
called Ry, A third variation is that some generalors have more than one field coil. all
ot which will appear on the equivalent circuit. Figure (3.6) show the eguivalent cireuit

ol a de molor,
The internal generated voltage in this machine is piven by the equation:
Ei=Kom 3.1
Where :
/25 Armature valtage
#: Constant
J: Flux
w: Speed of rotation
And the induced terque developed by the machine is given by :
T o= KOOI, 32
Where:
T+ Inducad torque.
k: Constant

3 Thax

I Amature Current




Figure (3.12): The equivalent circuit of a de motor "

3.3.6.3 The Magnetization Curve of a DC Machine

EA is dircetly proportional 1o flux and the speed of rotation of the machine, FA is
therefore related fo the field current. Field current in a de machine produces a field
fmagneto motive force given by F¥ — Ngly. Magneto motive force produces a flux in
the muchine in accordance with its magnetization curve. Figure (3.7) show the

magnetization curve ol a ferromagnetic material:

g,
Wb

F A lome

Figure (3.13): The magnetization curve of a ferromagnetic material ',
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Since I 15 proportional to magneto motive force and since Ly 15 proportional 1o
flux, magnetization curve can represented as a plot of Ey versus ficld current for a

given speed ey, Tigure (3.8) show the magnetization curve of a dc machine:

FJ]I =Hy=

w =

i = iy fenmkinm

EL
& != R,,]

Figure (3.14): The magnetization curve of a de maching B

3.3.6.4 DC Motors Principles of operation

In anv electric motor, operation 15 based on simple electromagnetism.
A eurrent-carrying conductor generates a magoetic ficld; when this is then placed in
an external magnertic field, it will experience a force proportional to the current in the
conductor, and to the strength of the external magnetic feld. Opposite (North and
South) polarities attract, while like polarities (Morth and Merth, Seuth and South)
repel. The internal conliguration of a de motor is designed to harness the magnetic
interaction between a current-carrying conductor and an external mapnetic field to

generate rotational moton. Figure (3.9) show a common DC motor parts:

12

Figure (3.13) A common DC mator parts
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Everv de motor has six basic parls . axle, rotor {a.ka., armaturc), stator,
commutator, field mapnet(s), and brushes. In most commaon de motors, the external
magnetie field s produced by high-strength permanent magnets, The stator is the
stationary part of the molor . this includes the motor casing, as well as two or more
permanent magnet pole pieces. The rotor (together with the axle and attached
commutator) rotates with respect to the stator. The rotor consists of windings
(generally on a core), the windings being electrically connected 1o the commulator,
Figure (3.14) shows & common motor lavout. with the rotor inside the stator (field)

magnets.

The peometry of the brushes. commutator contacis, and rotor windings are
such thal when power is applied, the polarities of the energized winding and the stator
magnet(s) are misalipned, and the rotor will rotate undl it is almost alignad with the
stator's [ield mugmets. As the rotor reaches alipnment, the brushes move to the nexl

commutator contacts, and energize the next winding,

In real life, though, de motors will always have more than two pales (three is a

very common number). In particular, this avoids "dead spots” in the commutator.

3.3.6.5 Types of DC motors

There are [ive types of de motors Separately excited and shunt de motors,

compounded de motor, serics de motor and permanent — magnet de.
Permancent magnet DC motor.

a) PM Brushed Muotors;

A simple brushed motor can be seen in Figure (3.15). The electricity from the
ballery enters the motor through two leads and charges the brushes. These brushes
make contact with the commutator ring. The current then runs through the wire coiled
around the armature, this electric coil creates a magnetic field around the armature.
The armature then rotates to align with the [eld magnet’s magnetic field. At a certain
point in the rotation the commutator switches the polarity of the armature. This switch

continues the rotation and the cycle continues. The armature 1= attached o the axle of
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the motor which is (he same uxle that  protrudes  from  the motor.

To Baltery

Figure (3.16): Simple Ulectric Moog !

Advantages of brushed motors are that they are relatively low cost compared

to other types of electric motors. Rruched motors also make it very easy o control the
speed and have a lincar torgue 1o speed curve. Disadvantages of the brushed motar sre
that the brushes are constantly seratching the commutator, creating [riction and wear,
This increases the maintenance of the motor and reduces the efficiency to levels of 75
Ly 80 %4,

b) PM Brushless Motors;

A brushless morter operates on the sume principles of electromagnetism thal
the brushed motor does. [owever (he internal desion of the motor is different. In a
brushless motor the electromagnetic coils wre stationary and the field magnet s
replaced by many permanent magnels attached Lo the rotor. The coils are pasitioned

and get charged in sequence such that the permanent magnerts are forced 1o rotate,

A brushless motor contraller is roquired to control the charging of the coils,
Brushless motors are highly advamageous because they do not have the friction or
wear created by the brushes in a brushed motor. This makes them 85 to 90% efficient
and requires much less maintenance than brushed motors. Brushless motors are more
expensive than brushed motors but can be cost affective aver the long run due to their

efficicncies. The firs| generation prototype will be made based on cost effectiveness,




but longer lasting, more efficient motors would be recommended for future

gencrations.

3.3.6.6 DC motor efficiency ealculations

To estimare the efficiency of a de motor, the [ollowing losses must be determined:

l. Copper losses.

2. Brush drop losses.
Machanical losses.
Core losses.

Stray losses,

£ Ll

Ly

To find the copper losses. we need W know the currenis in the motor and two
resistances, In practice, the armatuare resistanee can be found by blocking the rotor and
a small DC voltage (o the armature terminals |, such that the armature current will

equal to its rated valuc. The ratio of the applied voltage 1o the armature current is

approximately Iy,

The ficld resistance is determined by supplving the full-rated Geld voltage to
the field circuit and mecasuring the resulting field current. The field voltage to ficld

current ratio equals wo the field resistance,

Brush drop losses are frequently lumped tozether with copper losses. I treated
separately, brush drop losses are a product of the brush veltage drop Van and the
armatute current I,

The core and mechanical losses are usually determined logether. 11 a motor is
runnting freely at no loud and at the rated speed. the current 1, is very small and the
armature coppcr losscs are ncgligible. ‘Lherefore, il the field copper losses are
subtracted [rom the input power of the motar, the remainder will be the mechanical
and caore losses, These two losses are also called the no-toad rotational losses. As long

us the motor’s speed remains approximately the same, the no-load rotational losses

are & good cstimate ol mechanical and core losses in the maching under load.




3.4 Site view of the svstem

The following fipure shows the site view ol the MRI suite with an alsrm and

proteétion puints in the department,

Figure (3.17): Site view of the MRI suite,
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Chapter Four

Project Design

4.1 Introduection:

In the previous chapters, the construction and principle of operation for each
part al block diagram were discussed; this will help 1o achieve the main goal of this
projeet that 15 to design an alarm system for MRI suit |

In this chapler the project design will be discussed and the basic calculations
will be dene.

4.2 Infrared sensor:

Intrared sensor used in this project to deteet the entrance ol visitors and
patients (o radiclogy deparrment, The used TR sensor has four pins. two of them is
used for impul power supply which is(12V0C), and the two other pins (a,b) as shown
in Figure (4.1). connected to switch, when there is movement ,there is output and the
switch conneeted to a, where when there is no movement, the autput will be zero and
the switch connectled o b, this infrared sensor connected to PIC microcentroller

which ean accept the voltage that equal (0 SVDC or less than i1, and aceept the current
in(maA),

Figure (4.18): Pins of IR sensor.

Ny connecting a suitable resistor of high valug (10K£LY), to prowetr PIC
microcontroller from high voltuge and leakage current, and to prevent it from shon
circuil with outpul switch of infrared serisor, and supply it with a suitable voltage for
PIC (3VDC) and conneet them o inpul (potl 13 pinl), the intrared current will ke in
(mA) which is acceptable.

The idea in this stage is to give sound alarm in the radiology department when
anybody enters the department, so that the connection of PIC microcontroller is




necessary 1o control this alamm and to regulate the entrance of patients and visitors Lo
the deparrment.

The IR sensor used in this project has a fan ravs and red light, when it detect
any enirance to radiology department a sound alarm will cecur and the red light will

tn oa, as it connected o PIC microcontroller and to speaker eircuit, Figure(4.2) will
tllustrate this connection:

Iizure (4.19): connection of 1R sensor with PIC.

Tpe = (5—4.8)/10K02 = 0.02m4
Hwhen the sensor deteet the entrance of paticnt (a .b lerminals open),
Linfrarea = Sv/10KL: = 0.5mA
fwhen there is no detection (ab terminals closed).
Where:
V5. source voliage,
Vn: PIC voliage.

I pic: PIC current.

4.3 Speaker:

In first stage, speaker is used to give a sound alarm in the radiology
department, when infrared sensor reveals entry lo radiology department.




I'he alarm system is controlled by using a programmable PIC micracontraller,
when the IR sensor deteet the entrance to the department, PIC will has a pulsed square
sizgnal (on, off).

A =penker nses electromagnets o lransform electric current into sound.
Figure{<.3) (a) show the external shape of speaker, and (b) show the intermal
component of speaker.

Elcctric curreat and magnetic force have a close relationship. When an electric
current is passed through the wirg, a magnetic feld would be produced.

I'lowing current causes the speaker to vibrate with speeific frequency
according to the PIC programming.

Figure (4.20): (a) external shape of speaker, () interal component of speaker.

The speaker will be supplied with 5 Vde the internal resistor of Lhe speaker
that used in this praject is (8€2).Which connected to port B, to use command (fast
input cutput port) with its programming, so when PIC has a continuous square signal
as 1 Figure (4.4), at the input of the cireuil of speaker. the speaker will give a sound
alarm.
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Figure (4.21): continuous squarce signal Fom PIC to speaker,

T'his speaker is used in the second stage toa (induciive preximilv sensor) 1o
give g different sound alarm with different frequency from IR sensor stage. by
connect 12V power supply lrom inductive proximity sensar to speaket input,

4.4 Power supply:

A power supply is a system that supplies clectrical energy 1o all project parts.
This typically involves converting 220 volt AC to a well-regulated lower DC voltape
for electronic devices. It is also used to convert 220 volt AC W lower desired AC
voltage.

I this project we use ready transformier for the power supply design. which
convert the voltage lrom 220v to 12v. And this 12v is required for same part of
project as supply voltage,

G
vz 3
G
Ready Transformer

Figure (4.22): Power supply block diagram.




A regulalor of number (LM7805) is used in this projcet with power supply
design; it is regulated lower voltage 1o 5v, which we need as a supply voltage for
some other parts in projecl. Figare (4.5) explained that,

4.5 Inductive Proximity Sensor

Inductive proximity sensor used in this project 1o detecl the presence of metals
or not with visitors and patients whose coming to MRI suile, the range of required
power supply for the sensor which used in this project is between [10 - 30 Vide).

In this project the actual power supply which has been used for the inductive
proximity sensar is equal to (12 Vdce).

With the presence ol melal, the inductive proximity sensor has an oulput
voltage equal w the inpul. 11 there are no melal or metallic materials, the outpur will
be zero.

Figure (4.6.a,b.c} illustrates the shape of proximity inductive sensor and the
mnput and output values in two cases, the presenee and the absence of metals.

(a)
12v : Exist Metal 12w
Input :> putput
(b
g = Not Exist Metal :: v
Input output
(c)

Figure (4.23): (a) Shape of proximity sensor, (b) Input and output values with
presence of metal, (¢) Input and vutpul values with absence of metal




The idza in this stage of the project is 1o give sound and light alarms in the
MRI suite when metals are detected. Because of that the connection of PIC
microcontroller is necessary to control of the previous alarms.

This sensor has three wires with different three colors as follows:
Bluae eolor: Ground wire.

Brown color: Input wire (vee).

Black color: Chutput wire.

The output wire of inductive proximily sensor must be connected directly 1o
the PIC, but the PIC required power supply is equal 1o (3 Vde), so vollage divider will
be used behween the output wire of the sensor and npul of a PIC microcontraller at
(BORT I (pin 2)) as shown in the following eircuit in Figure (4.7

sensor oulpul 12V
12vorlv

R3

1kQ
va —E8—etopic D2,

R1 1kof

RZ2 1kQ

o

Figure (4.24); connection ol inductive proximity sensor circoit

since R1=R2=1k{l, then the voltage divider rule will hecome:

RZ
T RZ4+R1

Va Vee




R3 is used to reduccd the current to a value thart is acceptable to the
PIC in the range of (1-25 ma). The voltage 1s dropped alsa to 5v,

1 _ ¥e—-Vpic
PIE = R3

I __ 6r—5v
PIE 150
IPJC = 1m4‘4

Ins the case, when there is no metal. then the induetive proximity sensor output
equal 1o zerp and no signal reaches to the PIC. That means the alarm system doesn't
wirhk,

4.6 PI1C Microcontroller:

A microcontroller is a computer control system on a single chip, It has
mary electronic circuits built inlo it. which can decode written instructions and
convert them to electrical signals.

There are many types of PIC microcontrollers, in this project (PIC 16F8TA)
used because il has a lot of features:

1} High 3ink/Source Current: 1-25mA

2) Low-power consumprion

3) Simgle 5V In-Circuit Serial Programming capability
4) Wide operating voltage range: 2.0V to 5.5V

5) Operating speed: DC - 20 MHz clock input

6) High pertormance RISC CPU

71 10-bit multi-channel Analog-to-Digital converter
8) Timer(: B-bil limer/counter with 8-bit prescaler

9) 11O Ports AB.C.DE

1 Oscillator erystal up to 4MH.




4.6.a Pin Diagram:
The Figure (4.8) below will show the PIC pin diagram in details:
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Figure (4.23): PIC pin diagram,
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In PIC connection its necessary to use and conneet (MAX 232) to convert the
digital cutput comes from PIC to serial connection (RS 232) which connect the
microcontroller with compurer ta load the progranas we wiite it by computer on PIC
as illustrated in previous Figure (4.9 ).

4.7 DC Motor:

In this project 2 (12 VDC) motor is used, it has two wires Une for supply it by
12v direct from transtormer, and the other one to ground it. This motor rotate i two
directions (clock wise and counter-clock wise) depending on current flow direction
through maotor. so. to control of motor directions must use power controller{ H-Bridge)
which contrel of current directions.

4.7.a Power Controller (H-Bridges):

The H-Bridge is prineipally 1 conliguration of 4 switches, which are switched in
a specific manner to control the direction of the current through the motor. (For DU
motars, the dircetion of rotation of the armature of the motor is changed by changing
ihe direction of the current flowing through it).

A simplified diagram showing the operation ol H-bridge configuration is shown
in figure (.10 ):

Figure *(4.27): H-bridge principle of operation




There are two possible paths for the current:

1} The red path, where the current is directed Lo the motor through the switches 83
and 82, is causing the motor to turn clockwise,

2} The green path, where the current is direcled to the mortor through the swilches
S1 and 84, is causing the motor 1o urn counter-clockwise,

In this project the four switches are replaced with four NN transistors
(BC547) and four resistors (3000 . in order to electronically control the How of
ocurrent in the motor. hence, allowing us to control the direction of the motor from the
PIC microcontroller. Port 1 at pin3 (D3) and Port C at pind (C'4) is used to conneer
H-Bridge circuit to PIC. Figure (4.11) show the circuit connections far H-hridge.

When voltage on (D3) equal 10 Sv (from PIC jand volrage on (C4) cqual zero
(from PIC tao), then the two transistors T1 and 14 must reach to samration (Teallector
reach to saturation) to make lransistors conipletely closed ta allow the signal from pic
1o pass and then be able to rotate the motor in counter-clockwise direction. And the
ather two transistors 12 and T3 stay open and no signal pass through them

_ (Vpic-Vbe)

s 5 (Vbe=Vbase-emiteer)
(5—0.7)

fom
(30002)

IB = 14m4 , Since [p reach to saturation that means le reach to saturation too
because le = Iy *f

In the case to rotate motor in clockwise direction, the voltage on(D3) equal
to be zero and on (C4) egual to 5V, then two transistors T2 and T3 will reach to
saturation as the previous equations, and the other two transistors T1 and T4
slay open.




12V
T BIJD-{J t: T3

300 0
FrompicD3g—g = [

(™)
FrompicCA 3000 T2 300 © %

Tigure (4.28): Circuit of power controller (TT-Bridge).

According to the transistors state, the motor direclion will be determined as shown in

tablc 4.1;
Table (4.11: States of Transistors and Motor Behavior.
Tl T2 T3 T4 AMaotor Direction
OFF ON ox OFF clackuwase
oM DFF OFF Oox Counterclockwise
OFF OFF OFF OFF stop

When motor is clockwise the door moves forward, and when the motor is
pounterclockwiss the door moves hackward.

nladit _i.:.‘.i-.-sIan-"l Tawir
:-';g‘%’n 1esitne r-Hmh-ln Univarsity
1RREY

Eﬁ""!_..rhﬂ VB ikt —




4.7.b Limit Switch:

A limit switch is used in this project to stop the motor motion. It has three
terminals COM, NC (nonnally closed), and the thixd lermmal is NO (normally
open).|13], Figure (4.12). {a and b) will illustrate limit switch shape and its terminals;

Fipure (4.29.a): Limit switch shape.

Figure (4.30.b): Limit switch terminals.

Two terminals of previeus have been used in praject, COM and NC 1o
convert limit switeh like any normal switch, and then connect it to H-Bridpe, NO
terminal is not uged. As shown in Fipure (4.13 )




NC

coM

Figure (4.31): Limil switch terminals are used and nol used.

I this project two limit switches are used W control molor molion in Lwo
directions (clockwise and counter-clockwise). which are connected to H-hridge.

According to its connection with H-bridae, limil swilches take place between Vec
and transistors as show in Figure (4.14). One of them (limit switchl) put between Veo
and collector of wansistor Tl to stop motor motion in counter-clockwise direction.
And the other (limil swilch2) pul between vee and callector of transistor T3 1o stop
maotar motion in clock-wise direction. Thar's means. this two limit switches becomes
as voltage provided o motor (Vee).

12V
limit switch ] limit switch?2
300 Q 300 Q
. — qu T3
oo o) _
000 = 300 O3
. = [ e —-:‘*3—1: T4

»

Figure (4.22): Limit switch términals connections.




In normal caze, the two [imit swilches musl be closed to supply the motor by 12v and
then rotate it in two directions, And to stop metor motion there is two cases:

1} When molor is rotate in counter-clockwise, it will be reached finally to limit
switch] and apen it so. no voltage reaches o T1 and T4, because of that the
mator motion in this direetion will stop.

1) When motor is rotate in ¢lockwise, it will be reached finally to limit switch?
and open 1t so, no voltage reaches o T2 and T3, hecanse of that (he motor
motion in this direction will stap.

4.8 Conveyor belt

conveyer belt (or belt convevor) consists ol two or more putlevs. with a
continuous loop of material - the conveyor bell - that rotates about them, One or both
of the pulleys are powered, maving the belr and the material on the belt forward, The
powered pulley is called the drive pulley while the unpowered pulley is called the
idler. There are twe main industrial classes of belt convevors; Those in general
material handling such as these moving boxes along inside a factory and bulk material
handling such as thosce used W transport industrial and agricultural materials, suel as
grain, coal, ords, ele. generally in outdoor locations. Generally companies providing
weneral material handling type belt conveyors do not provide the conveyars for bulk
material handling. In addition there are a ramber of commercial applications of bell
convevors such as those in grocery stares [14]

The belt consists of one or move lavers of material. They can be made out of
rubber, Many belts in general material handling have two layers, An under layer of
material to provide linear strenpth and shape called a carcass and an over laver called
the cover. The carcass is often a woven fabric having a warp & weft. The mast
common carcass materials are polvester. nylon and cotton. The cover is often various
rubber or plastic compounds specified by use of the belt, Covers can be made {rom
mere exolic malerials for unusnal applications such as silicone for heat or gum rubber
when traction is cssential.

Bek conveyors are the most commenly used powered conveyors hecauss they
arc the most versatile and the least expensive. Produet is conveved directly on the bell
sa both regular and irregular shaped objects, large or small, light and heavy, cin be
fransported suceessfully. These conveyars should use only the highest quality
premiumm belting products. which reduces belt stretch and results in less maintenance
for tension adjustments, Belt conveyors can be used to transport product in a straight
line or through changes in clevation or direction. In certain applications they can also
be used for static avcumulation or cartons.] 1 5]

It is considered a lubor saving system that allows larpe volunies to move
rapidly through a process, allowing companics to ship or receive higher volumes with
smaller storage space and wilh less labor expense. Figure (4,15.a,b.¢c ) show different
views of conveyor helt,




Figure (4.33.a.b.c ): Different views of canveyor belt.

According 1o this projecta 1 2vde molor was used in conveyor design, and by
apposite the polarity of the motor the direction of conveyor rotate will exchange. The
canveyar size 1s S0cm in length and 17¢m in width to be suitable for project model.




Chapter Five

System Implementation And Testing

5.1 Infrared Sensor

5.2 Power supply

5.3 Speaker

5.4  Inductive Proximity Sensor
55 DC Motor

5.6  Limit Switch

5.7 Software Implementation




Chapter Five

System Implementation And Testing

This chaprer demonstrates the methods and procedures used to implement,
lest, and examine the system operation and behavior. System testing is an importan
step in implementing whole system.

5.1 Infrared sensor

Infrared scnsor Lnplemented by using power supplv($vdc), around wire,
switch, and resistor, and Lhev are connected to PIC microcontroller (port D pin 1). tn
give the required alarm (sound) with red light from infrared sepsor,

Infrared sensor was tested by checking the output sienal when there is any
entrance 1o radiology deparment.

5.2 Power supply

Power supply implemented by using transformer to give 12Vde and regulator
(7805) to give 3v. for each system need 12v or 5v as input power supply .was tested
by checking the input and outpit power for each.

5.3 Speaker
Speaker was implemented by using power supply ( 2vde), ground wire,
transistor and one resistar, connected with PIC microcontroller to give required sound

alarm.

Speaker was tested by checking the output signal when there is any entrance to
radivlogy department, and when (here are metallic material.

5. 4 Inductive Proximity Sensor:

Inductive proximity sensor implemented by using power supply (12v).ground
wire, and Lhree resistors to conneet it with PIC microcontroller (D2) to do the required
alarms (hight and sound).

Inductive proximity scnsor was lested hy checking the output signal when
there are metallic materiul or there aren't.




5.5 DC Motor:

3¢ motor implemented by using power supply (12v), ground wire. and H-bridge
power  controller  (four transistors and  fowr resistors) connected wath PIC
microcontroller (1D3.C4) to make motor and then the door rotate in two directions.

DT motor was tested by testiing [1-bridge power controller by applying digital

signals (5V or zero) from PIC on pins (D3 and C4). to be sure that the motor rotate in
tow directions.

5.6. Limit Switch:

Limit switches implemented by connecting it between the power supply (12v)
and collectors of transistors (T1 and T3) of H-bridge power controller o limit door
molion in two directions.

Limil switches were tlested by making the door reach and hit with it, and then
door motion must stop in two dircctions.

5.7 Software Implementation

5.7.1 Flow Charts

A flow chart illustrate the steps of the process by visualizing the process,
Figure (5.1.a.b) shows the dow chart ol first. seeond, and third stages of project.




Figure (5.1 a}“ﬂuwﬂﬁnét of first stage.




Openthe door

Figure (5.2.b): Flow Charts of second and third stages.




5.7.2 Software needed for the project

In our project which describad earlier we used C-language to program the PIC
microcontroller so that it controls the whole system.

#usc fast _io(h)

void beepli):

void beep2():

void Colse door();

void Open door();

void Falsh metal():

void Stop_door();

intl k=0;

long i;

nil m=0;

intl p=0;

long timerr=(;

vuid maini)

[
setup_adc_portstNO_ANALOGS);
setup_ade(ADC_OFF):
setup_psp(PSP_DISABLED);
setup_spiFALSE);

setup_timer WWRTCC_INTERNAL|RTCC _DIV_1);
setup timer 1(T1 DISABLED):
setup_timer 2(12 DISABLED.D,1);
setup_compurator{NC_NC NC_NC)
sctup_vref(FALSE):

1 4 TONO: USFR CODE!
output_low(PIN_C#4):
autput_low(PIN_D3);
SET_TRIS_B(Oh10000000);
delay_us(100);
output_low(PIN_C4);
restart_wdt();
delay_us(100];
output_lvw (PIN_D3);
Mprintf(*Hi");
output_low(PIN_bo);
delay_us(100));
while({true)|

m={;

restart_wdr():
if{input(PIN_D2)==1){
delay _us(200);
Falsh_metal():




m=l1;

H

restart wde():
if(input{PIN D1)=1}{
beepl();
delay_us(150):

Pl

i

restart widt();
if{input(PIN_B7)==0){
Colse_doar():

delay _ms(4000);
Open_door():
autput_low(PIN D3);
¥

if(p==1){

while(timerr<=1301)) |

ifl m==0){beepl();}

iflinput{PIN_D2)=1){

If printf(""Metal");

delay us(100);

Falsh metal{);

p=ll;

m=1;

;

fidclay_ms(1);
limerr++;

p=0;
if (m==0)}
Open_door();
delay ms{4000);
output_low(PIN_D3);
1

¥

timerr=0;
i
1
vaid beepl ()]

P.n"print‘f("l‘EE]‘l"];
delay ms(1):

restart wdt{);

delay us(200);
vutput_high(PIN_b6);
delay_us(240);
output_low(PIN_bo);
delay _us(240);
restart wde():




delay _us(100);
i

void beep2()!
printf("PEEP2");
delay_ms(1);

=

while(i<=1000)]
restart wdt();
output_high(PIN_b6);
delay_us(440);
output_low(PIN boG);
delay us(230)

itt;

]

H

void Falsh_metal()]
[printf("Falsh_mctal"):
delay_ms(1):

restart_wdi();
delay_us{100);
output_high(PIN_D)y;
delay_us(10);

output_high(PIN _C0);

beep2();

output low(PIN_DU);
delay_us(1);
output_low(PIN C0);
beep();

i

void Open_door(){
restari wdi();
delay_us(100);
Hprintf(" Open Door'");

delay_ms(1);

restart wdi();
output_high(PIN_D3);
ootput_low(PIN_C4);
]

void Colse door{){
restart wdt();

delay us(100);
[printf{" Close Door");
delay ms(l);
restart_wdt();

b

___——ﬁ



output_high(PIN_C4);

output_low(PIN_D3); |
I
1
I
I

Y




Conclusion and Future Work

1) Conclusions

The project purpose was to design an alarm system for MRI suite, and the svstem
consists of three stages:

1. first stage was to design and build & special entrance to radiology department that
give a sound massage when a person be counted through by using optical sensor.,

2. second slage was to design and build a waming system for patient going to MRI

suite uving inductive proximity sensor that is sensitive o the presence of metallic
parts in possession of patient .

3. by using special PIC microcontroller the svstem will vperate lo alarm the patient
from the huge magnetic Held and immediately the gate will close.

4. third stage was to design private gate that protect patient whom catry metals from
magnetic field by using DC motor and private controller cireuit to close the gate when
the pabient come to this suite with metals

5. In this case .a voice message will alarm the staff and the patient about the existence
of metals.

6. aller the patient removes all the metallic material and ools (the stall mside MRI
suite will push @ manual swilch W entrance permission

T




2) Recommendations

Future madifications can be carried out o system performance and efficiency is

improved. these moeditications include:

!-.'l

LY

Implementation the system by using other types of sensors.

Improved the system by adding veice alarm or LCD to hear and to display
ITICSSALCS,

Improved the system by connect it 1o staff mohile phone to alarm them when there
iz any person has metal or metallic material inside the MRI suite,
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PIC16F87X

Ivsbracion Sl

29 Instrucions

S35 instructions

[ e — e
Key Features
PlCmicro™ Mid-Range Reference FIC16F8T3 FIC16FET4 PIC1EF&TE FIC1GFETT
Manual (D533021)
Operating Freguency OG- 20 MHz DO - 20 MH= G - 20 MHz GC - 20 MUz
RESETS (and Delays) POR, BOR FOR, BOR PCR, BOR POR, BOR |
(EWRT OST) (FWRT, 03T (PWRT, O5T) (FWHT, 02T
9 i
PRl Mty ax 3 B oK
Data Memory (bytes) 1Bz 192 AE8 BB
FEPROM Dzta Merinry 128 128 256 256
Intarrupls 13 1d 13 i
1D Ports Pon= 4.8,C Pars ABCDE Pors A.B.C Ports 4,B.C.DE
Tirmers 3 3 3 | 3 '
Captura/ComparsPWW Modulss 2 2 2 g
Sariz| Communications MESP, USART | MSSF USART  MESP USART | MSSE USART
Parallel Communications - PEP — FEP
10-bit Anzlog-te-D gi-ta-l Maailule ainpul chanmels | 8 input channels 5 input channols .| & input chanpels
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Switching and Applications :
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+ Lo Kelss BCRIG, BORED "

- Complamant © 20556 . 0560 =
TO-a2

1. Calleclar 2 Basa o. Erntter
NPN Epitaxial Silicon Transistor

Absolute Maximum Ratings 12250 wilvss diersize aotad

Symbal Baramatar Valiae Units

Wempm Calleztar-Bass Vallaga *BCSAE =13 W
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Ty Junection Tampsraturs 150 G
| Slurage Temparslara -85 - 150 a2

Electrical Characteristics T =25 unksss Silwaiwise notsc

Symbal Parsmeter Test Condition Min. Typ. Max, Unlts

lega Cellestor Cuted Currsr Vogmaih o= 6 =
hpp D Currenl Gan Ve OV, [ 2mi 11 203

Vegizal) | Colectar-Emittar Sauration Vettage | 12510mAa, Ig=....5.'m:-_ a9 28 i
I7=100ma, 13=5ma 200 Gaa mi
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Typical Characteristics
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Package Dimensions
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TRADEMARKS

The foliowing Fre reqistore d and umegisiond ledarrarks Faiahie! Semiconducicor owns o e autharszasd 12 uss ardis nod
standad o me a0 exhaustive list of sl sueh tredemearks

ACERT™ FagT™ ImpliedDiEcornecst™ PACKARNT™ SR
Activedrray™ FACT Quet series™ |SOPLANAR™ POF™ Slaalth ™
Botlomiess™ FAsTH Licke FET™ Fowaragy™ SuparS0T -3
CogiEET ™ FAETr™ MisraFET™ FawerTranch™ SugarSOT ™4
CROSSVOLT™ FREETT MicroFag ™ GHEET ™ SunerSOT ™R
DOME™ ClocalOpwisolaer™ MICROWIRE™ g™ SyncFET™
ceoBPARR™ GTam™ MEx™ OT Opteelaciranics™  Tingl ogic™
ESChMog™ HiEBE™ MEXPra™ Clli=t Seres™ TruTranslalion™
EnSigna™ o peX™ RapiziGanfigure ™ HE™

Across the board, Around the warld, ™ OCXPra™ RapidCon-acl™ LlrareT®

The Power Franchise™ oPTOLOGICE SILENT SWITCHERT  wox™
Progremmable Actve Draap'™ OFTOFLANART™ SMART START™

DISCLAIMER

FAIRCHILD SCMICCNDUCTOR RESERVES THE RIGHT TO MAKE CHANGES WITHOUT FURTHER NOTICE TO ANY
FRODUCTS HERZIN TOQ IMFROVE SELIARILITY, FUNCTION OR GESIGH, FAIRGHILD DOLES MOT ASSUME AMY
LIABIL|TY ARISING OUT OF THE APFLICATION DR USE CF ANY PROLUUCT OR CIECUIT DESCRIBED HERFIN:
NEIMTHER DOES T CONWEY ANY LICENSE UNDER ITS BATENT RIGHTS. NOR THE RIGHTS O OTHERS.

LIFE SUPFORT FPOLICY

FAIRCEILD'S PROSUCTE ARE NOT ALTHORIZED FOR UEE AS CRITIDAL COMPSNENTS IN LIFE SUPPZRI
CEVICES OR SYETEMS WITHOLT THE EXPHESS WRITTEN APPRIOVAL OF FAIRCHID SEMICONIUCIDR

CCRPORATICN.

e e Heyo

1. Lile supposd devices 2r gyatems are devices ar aysiems
which (&) g/ imlendec lar surgizal implant ino e bocy,
or i) sap oot o sugtsln ife, nrie) whose 18l urs 10 parfomrm
when property used inawcordance with instrustions for uss
provided i the labalirg, cen be mzsnrably sxpastad b
resull In signifcant injury o Ba wear

2. A grifiest eominerant = any compononl ol = e suppart
cavce ar Systom whose ‘giurs fo perform can be
*Earsrably sxpacted (o calse e laiure ol tw [Te Suppor:
cevoe ar evaEm, ortoa oot ibseafen-or sffectivensiz

FRODUCT STATUS DEFINITIONS

Definition of Terms

Diatasheet Identificetion Product Status

Drafinitlan

Advance Infmastan Formative ar [

Chesign

| iz destesh el eonteing the desian saesfrations lor
product develoanmnl. Spesilications may changs in
gy 1hanner without notice.

Frediminany Firas Frodaction

Thnia datasesl confains preliminany data, anc
slpplumentany date Wwill be publlahad at & katar data
Fairehd Semnicenducior resamves the right ic make
Clearegus el any me wilneot notice | ardar io Improve
dasiun,

Mo bdoiificslion Nocded Full Frozuciicn

Thiz dztashes: contalas final snssificatans. Farcnid
Semiconductar reserves INe -ight lnmeLs changas al
any bma without noiles |r srier e Improve desgn

Chaolule Mol Im Procuckion

This dslasheat camains specificatons on 2 orodugt
inal has bean digcortiruad ov Farehid ssmicondusion
The calashaat e prsted for reforonsa infermation only.
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