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Abstract

Telemedicing, ance a specialty niche, is quickly becoming a new standard of
care for hospitals and healtheare providers across the world. Driven by patient demand
and an imperative to improve healtheare quality and accessibility, telemedicine 15 now
a near-requirement for modern medical institutions. Organizations not adopting these
lechnologies expose themselves ta declining clinical outcomes.,

The idea of this project is to enable Tele-Control of medieal microscopes to
allow remote monitoring and consuliation. The project idea is inline with the trend in
Telemedicine. Within the telecommurication parl, it is aimed at studying and
analyzing the potential of different communication technologies for achieving a
system with reasonable performance. In this regard, it 1s planned to implement the
communication part using the wired IP network (Intemet) and the 3G networks. This
adds the ability of achicving the system within Palesiine and worldwide., Within the
biomedical engineering part, it 15 aimed al studying and analyzing the medical
microscopy technology, and studying several tvpes of motors, and micro controllers
in order to choose the appropriate components and implement them to proaduce a
system  that fulfills the project goals.
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1.1 Overview

Telemedieme 15 a broad term within Health Information Technology (“Health 1T7) that
encompasses methods for electronically transmifting medical mformation to sustain and/or
improve a patient’s licalth statuz, These metheds can include: store-and-forward technology lor
documents and images: remote moenttoring of a patient’s vilal signs; sccure messaping: c-mail
exchangze of data, alerts and reminders between physicians and patients; and the ability to observe,
dipgnose and recommend treatment via videsconference.

There are multiple products and services and respective industrics that are involved in
developing the various applications of telemedicine, including information technology vendors,
medical device manulacturers. phurmacies. hospitals. and nursing homes:

In the current environment of a shortage of healtheare prolessionals. greater incidence of
chronie conditiens, and rising healtheare costs, telemedicing offers a polential lool W improve
efficiency in the delivery of healtheare. The need for telemedicine 1s further compounded by the
fallowing factors:

Significant incrzase in the popularion.
- Shortage of healtheare professionals being educated, trained and licensed

3- Increasing incidence of chromic diseases around the world, including diabeles,
compestive heart failure and obstructive pulmonary discasc.

4- Need for efficient care of the elderly, home-bound. and physically challenged patients,
5- Lack of spacialists and health facilines in rural areas
G- Adverse events. injuries and illness ar hospitals and physician’s offices.

7- Need to improve community and population health.

Telemedicine can play an important role in providing selutions to these challenges. For
wmstance, telemedicine maximizes the use ol exishing health care professionals by allowing them
0 remotely diagnose. monitor and recommend treatment for patienrs located in rural areas. In
sddimion, telemedicine limits patient expostie 1o infections by elimmating or miting the need to
visit o hospital or a physician’s oflice for healtheare services.

As medical microscope is an important instrument that helps patholagist in smdving eells.
Secteria or virusas, and finding possible cures for a sickness. we would like to design a fully
functional remote microzcope, and check ite ability to provide pathologists and reszarchers the
spportunity to completzly operate microscopy instrumentation remotelv.,




1.2 Project Objectives:
The main ebjectives of the projeet are:

I- The main gual of the project is design of a Tele-Contrelled microscope that allows a
pathologist to render & diagnosis by cxamining tissue samples or hody fluids under a
remotely located microscope. The transmilling workstation consists of suitable camera
mounted on a matorized microscepe, The image from the camera will he transmitted
to the receiving workstarion where the consulting pathologist sits.

ta

The system also allows the patholegist to control the micrascope platform directions
remotely, Furthermaore, when 11 is necessary, il allows another pathologist wha sits at
another worksration to see the images and talk with the first pathologist,

1.3 Literature Review:

In [1]. the authors identified the need to control and view, in a5 close to raal time as possible, images
seang viewsd on 2 remote micreseepe, The goul was to develop a system that would be versatile, casy to
o and readily adapted from existing materials and that would allow several usars e stmultansously view

nd control the mictoseops

The paper of [2] also applies telepathology-remote microscopy for intraoperative diagnoses
on frozen sections, after preparation and staining of the cryosection in the hospital. the shde was
sxamimed in Institute of Pathulogy using a remofe-controlled microscape (Teica DMRXA) and a
special telepathological sullware (Letca TPS1). Data were transferred via two ISDN coniieetions
i parallel.

In [3] The Beckman mstitute remole microscopy project provides weh based remiote
control o microscapes in the ITG as part of the World Wide Laboratory. There are o number of
advantages lo providing remote access to imaging instrumentation. First, il provides access to
dnique and/or expensive instruments without requiring the ussr to be physically present at the site
of the mstroment. In addition, it provides the eppertunity for callaboration and/or consultation
with researchers anywhers in the world, thus providing for a network of distributed expertise.
Smally, this technology presents unprecedented opportunities for education and lraming,

In [4] the authors identified the need 1o control and view, in as close to real time as pussible,
smages heing viewed on a remote microscope. The poal was to develop s svstem thatl would ke
cersatile, easy to learn and readily adapted from existing matenals and that would allew seversl
wsers o simultancously view and control the microscope,
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* 4 Time Schedule

The time plan, represants the mam stages of the establishing the project, is divided mto the

nwo semesicrs as shown in the following tubles
The Table 1.1 shows the acrivities that done in the project First Semester. and the time of each one.

Table 1.1: Table Time for the First Semester

F:'x Weeks !
E 12]alalslsl7]slofiof12]12]13)14]|15]16

2o
Activities~.

System
Definition

System
Analysis

System
Design

| Presentation
Preparing

Documentation

iaiiib bl &l i bidilildA B




The fellowing able defines the main tasks in the project:

Table 1.2 Time Table for the Second Semester

"x\_ Weeks
*-,,_“H
o
Activities -

Bt

Collecting data

Dezign

Analysis

Building and
testing the
system

Documentation

. Prepare for
presentation

1.5 Project Cost ;
Table 1.3: Project Cost

=

Component Cost | %

Microscope 4008 g

=

Arduino Microcontroller, 1008 3

=

DC-Motors 130$ E
_l Video Camera 4008
component construction 2108
Total 12408
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Chapter Two

Physiological Background

2.1 Introduction

Micrebiology, the branch of science that has so vastly extended and expanded
our knowledge of the living world. New technologics contributed to widen the cirgle
of discoverics and watch unless we see. Many several MICrO-OrEanisms  ware
undiscovered unul recentlv when it was discovered uplical micrescope in the
sgventeenth century. Human saw what he has not seen of bacteria cells, al gae, fungi
and can be seen how feed and reproduce and how they invade vur bodics. Medical
microscope used in the study of many of the scisntific and medical ficlds. S0 that 1t
uses in Histology, Hematology, Bacteriology and other Rouline tests and will sludy
these field m this chapter.

2.2 Histology

Histology is the study of the microscopic anatomy of cells and tissucs of
plants and amimals Tt is commonly perfarmed by examining cells and tissues by

seclioning  and staming., followed by examination under a light  microascope
or tlectron microscope. ITistological studies maybe conducted via lissue culture
Wwhere live cells can be solated and maintained in a proper environment outside the
hody for various research projects. The abihity to visualize or differentially dentify
microseopic structures 15 [reguently enhanced throvgh the use of histelogical stains,
Histology 15 an essential ool of bialagy and medicine.

Histopathology, the micrascopic study of diseased tissue, shown fin per 201,
Is an important ol in anatomical pathology, since aceurate diagnosis of cancer and
other diseases usvally reguires histopathological exammation of samples. Tramed
physicians, fraquently board cerfified as pathologists .are the personnel who perforn
histopathological examination and provide diagnostic mformation based on their
shservalions.

The tramed scientists who perform the prepacativn of histolegical sections
are histotechnicians, histology technicians  (HT), histology  technologists (J1TL),
medical scientists, madical laboratory technicians. or hiomedical scienfists. Their fisld
ol study is called historechnalogy:




Finger 2.1: Microscopic View of a Histological Specimen of Human.[1]

Knowing the histology of a cancer is important for determining the type of
cancer you have and the best treatment plan. After a biopsy or full removal of a
tumer, a small sample of tissue is examined under a microscope o determinc the
cellular components and structure, or  histology, of the cancer.

Cancer

Cancer is a class of discases characterized by out-of-control cell growth. There
are aver 100 different types of cancer, and each is classified by the rype of cell that is
initially affected.

Cancer harms the body when damaged cells divide uncontrollably to furm
lumps or masses of tissue called tumors (except in the case of lenkemia where cancer
prohibits normal blood function by abnormal cell division in the blood stream).
Tumers can grow and interfere wilh the digestive, nervous, and circulalory systems,
and they can release hormones that alter body function. Tumors that stay 1 one spor
ard demonstrate limited growth are generally considersd to be benign.

More dangerous, or malignant, tumors form when twao things occor;
A cancerous cell. shown in figure 2.2, manages lo move throughout the body

asing the hlood or lymph systems, destroying healthy tissue in a process called
mvasien

A cancerous cell manages to divide and grow, making new blood vessels to
fead itsell m a process called angiogenesis.

When @ tumor successfully spreads to other parts of the bady and grows,
invading and destroving other healthy tissues. it is said to have metfastasized. This
process itsell is called metastasis, and the result is a serious condition that 1s very
difficult ko treat,




Finger 2.2; Cancer Cell

Extracting cancer cells and looking at them under a micrascope 1s the anly
ahsolute way to diagnosc cancer. This procoedure is called a biopsy. Other types of
molecular diagnostic tests are frequently emploved as well. Physicians will analyze
body's sugars, fats, proteins, and DNA at the molecular level. For example, cancercus
prostute cells release a higher level of a chemical called PSA (prostatle-specific
antigen) info the bloodstream that can be detected by a blood test Molecolar
diagnostics, biopsies, and imaging techniques are all used together to diapnose
cancer.[2]

2.3 Hematology

Hematalogy 1 the stady of blood. the blood-forming organs, and bleod
discases Hemalology includes the study of ctiology, diagnosis treatmenl. prognosis,
and prevention ¢l blood diseases thal affeet the production of blood and its
components, such as blood cells, hemoglobin, blood proteins, and the mechanism
of coagulation. The laboratory work that goes into the study of blood is frequently
perfarmed by a medical technologist, Hematologists also conduct sludies in oncology
the maedical treatment of cancer.

Blood diseases involving the red blood cells testes under microseope include:
1y Polveythema
2} Hyvpochromic anemia

lood diseuses involving the White blood cells testes under microscope
meluda:

l- Acguired immune deficiency syndrome (AIDS), 1s a progressive disease that
results from infection of white hlood cells by the HIV virus

7. Leukemia iz a cancer that develops in white blood cells. Under normal
conditions. blood cells are formed within the bone marrow, which can create a

range of bload cell types.
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3-  Granulocytes 1% oceurs when the bloed does not eontaan enough neutrophils, a
type of white blood cell. The cells responsible for making blood may not
produce enough neutrophils to meet the needs of the body or neutrophils may
b destroved oo quickly within the body. Since neutrophils help make up a
portion of the immune system. people with agranulocytosis are unable to
cffectively fight off infection [3]

Blood diseases involving the platelet eells testes under microscope include:

Thrombocytosis, shown in figure 2.3, is the presence of high platelet counts
mn the blood, and can be either primary (also termed essential and caused by
a mycloproliferactive discase) or reactive (alsp termed secondary). Although often
svmptomless (particularlv when 1t 15 a secondary reaction), 1t can predispose
to thromboesis in some  patients.

Figure 2.3: Thrombocylosis, [4]

2.4 Bacteriology

Many human infections are caused by either bacteria or viruses. Bactena are
tiny single-velled organisms, thought by some rescarchers to be related to plants. They
are among the most successful life forms on the planet, and range in habitat from ice
slape to deserts.

+.4.1 Bacteria

Singular 'bacterium.' Microscopic sinzle cell (unicellular) life form that exists
practically everywhere in the Earth's environment, and is simpler than the cells of
smimals, fungl, and plants. Of about three million species of bacteria believed to exist,
only about 4,000 are known and

Racteria can he heneficial for instance, gut bacteria help us to digest food hut
some are responsible for a range of infections. These disease causing varielies are
called pathogenic bacteria. Many hactenal infections can he treated successfully with
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aporoptiate antibiotics, although antibiotic-resistant strains are beginning to emerge.
Immunization 15 available to prevent many important bacterial - discases.

2.4.2 Parasific

micro parasite is a parasile that completes a full lite cycle within one hast and
can be transmitted directly to conspecific hosts. They oflen reproduce within a host's
cells and are generally (oo small 10 be seen with then a ked eye.

Most are viruses, bacteria and fungl with a smaller number being protisis.
Examples include Salmonella and HIV

2.4.3 Yirus:

A virus are finy oruanisms that may lead to severe illnesses in humans,
animals and plants. This may mclude flu or a cold o something more life threatening
like HIV/ATDS.

Viruses by themselves are not alive. They cannot grow or multiply on their
own and need to enter a human or animal cell and take over the cell to help them
multiply. These viruses may also infect bacterial cells.

The virus particle or fhe virions altack the cell and take over its machinery Lo
carry out their own life processes of multipheation and growth. An infected cell will
produce viral particles instead of its usual produets.

Viruses do not have the chemical machinery needed o survive on their own,
They, thus seek out host cells in which they can multiply. These viruses enter the
body from the environment or other individuals from sl 1o warer to air vii nose.
manth, or any breaks in the skin and seek a cell 1o infect,

A cold or fln virus for example will target cells thal line the respiratory (ie.
the lungs) or digestive (i.e. the stomach) tracts. The HIV (human pnmunodeficiency
virs) (hat cauyses AIDS aftacks the  T-cells (a type of white blood ccll that fights
micetion and disease) of the inmune svstem.




2.4 Routine tests

Such as checking urine and feces \Microscopic urinalysis is often done as part
of an overall urinalysis. After a urine sample 15 collected., it's pur into a centrifige. It's
4 special machine that separates the Hauid in the urine from selid components that
may e present. such 4 bloed cells, mineral crvstals, or micraerganisms, Any solid
malerials are then viewed under @ microscope.

The results of a micrescopic urinalysis may point to a urinary tracr  infoction
(U'TT). kiudney problems, a mewbolic disorder such as  diahetes, or a urinary tract
mjury. I test results arc abnormal. other tests may be needed befors a definite
diagnosis can be made.
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3.1 Introduction

This chapter discusses the technologies and components thal needed to the
system implementation. It provides an overview about Microscope, DC-
Motors Microcontroller  (Ardaine), Digital  Camera,GSM Network, VOIP
Technology, DSL Technology, Modems, and the Programming language.

3.2 Microscope
3.2.1 Introduction

Microscope is an tmportant diagnostic instrument which is routinely employed
in the pathology laboratorics of hospitals to investgale 4 range ot hiopsy specimens
and other tissue samplesproduces enlarged images of small ohiects, allowing them W
he viewed at a scale convenient for examination and analysis,

3.2.2 Microscope Parls

|. Ocular Lens (Eyepicce) - where you look through it to see the image ol your
specimen, Magnifics the specimen 10X actual size.

2. Body tube - the Ionp tube that supports the evepiece and connects it lo the
objectives.

3. Nosepicee - the Totating part of the microscone at (he bottom of the body tubewhich
holds theobjeetives.

4, Objective Lenses - (low, medium, high). Depending on the microscope, you may
have 2, 3 or more objcctives atiached to the noscpiece; they vary in length (the
churtest is the lowest poweror magnification: the longest is lhe highest power or
magnification).

5. Arm - part of the microscope thal you carry the microscope with it; connects the
head and base of the microscope.




fr, Course Adjustment Knob - large. round knpb on the side of the microscope used for "rongh”
focusing of the specimen. it may move either the stage or the upper part of the
micrescope. Location may vary depending on migrascope - it mav be on the bottom of the arm or

an the rap.

7. Fine Adjustment Knob - small. round knob on the side of the microscope used 1o fine-tune the
[oeus of vour specimen after nsing the coarse adjustment knob, As with the coarse adjustment

knob, loeation mav be vary depending on the nucroscupe.

R Stage - large, flat arca under the abjectives: it has a hole in il (see aperture) that allows light

through;, the speeimenislide 15 placed on the stage for viewing,
% Stage Clips - clips on top of the stage which holds the slide in place.
10 Aperture - the hole in the stage that concentrates light through the specimen lor belter viewing.

|1 Diaphragm - controls the ameunt of light going through the aperture; may be adjusted.
|2 Light or Mirrar - source of light usually found near the base of the microscope: nsed to direct

hght upward through the  microscope. The light source makes the specimen casier to see.

3.2.3 Types of microscope:

There is several Lypes of microscope such as optical microseope. confocal mictoseope, and

clectron microscope. In the following section give brief description of cach Lype.

3.2.3.1 Optical Microscope:

The vptical microscope, or "light microscope”, is a tvpe of microscope which uses visible
fght and a system of lenses to magnily images of small samples. Optical microscopes are the
oldest design of microscape and were possibly designed in their present compound form in the
17th century. Basic optical microscopes can be very simple, although there are many complex
designs which aim ro improve resolution and sample contrast, Historically optical microscapes were
ensy 1o develop and are popular because they use visible light so that samples may be divectly

ohserved by eye.
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3.2,3.1.1 Types of nptical microscope:

Several types of optical microscope are available such ag stercoscope, and compound

microscope.

1. Dissection or Stereoscope

A stercoscope shown in figure 3.1 is a hinocular microscope that magnifies at a relatively
low power for viewing three-dimensional, opaque ohjects. such as flowers, insects, mincral
specimens, generally the magnification of a stercoscope is between 20x and $0x, and specimeny
are hghted from above. The three-dimensional image is produced by two objective lenses plus the

cVepicces.

Figure 3.1: Stereoscope [§]

2 Compound Microscope

Compound microscope is a tool that can be used for many purposes. The image scen with

s type of microscope is two dimensional. This microscope is the most commanly used. It has

= zh magnification. The source of radisticn for unage formation is visible light, glass slides are




#sed in it. However, it has a low resolution, and mdividual cells can't be seen. The magnification

semstments of this microscope by changing objcctives.

A compound microscope uses more than one lens to magnify the ohjects 1o be studied.

S lowing are some of the basic types of compound microseopes:
Weascular compound microscope

Manocular eompound microscope shown in figure 2.2, using a single light as a sample
“wminator and compound lenses for magnilication, these have a single eyepiece. This is a hit
scomfortable, as the person need to close ane eyc to geot a clear image. The eyepicce has a power
* sbout 10X and the objectives or lenses on the nosepiece range from 2X 1o 50X depending on

soar particular microscope.

Figure 3.2: Manocular Inclined Microscope [6]
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Figure 3.3: Binocular compound microscope.

= Conlocal Microscope

This microscope shown in figure 3.4, uses a laser light. This hght is used because of the
wovelength, Laser light scan across the specimen with the aid of scanning mirrors. Then mmage 15

B. Binocular compound microscope

Rinocular compound microscope shown in figure 3.3, becaming more common. It has

dual cycpicee te enable hoth eyes viewing the sample image. This makes il more comfortable

ro use and thereby more popular. Dual eyepiece scopes arc ysed widely in high school and

college classrooms. Binocular microscopes have oll the same characteristics as the monocular

compound microscope.
;
E
=
:
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siaced on a digital computer screen lor analvsis, i
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Figure 3.4: Confocal Microscope.

12 3.2 Electron microscope

Two main 1ypes of Electron microscepe is available scanning electron microscope (SEM)

=< transmission electron microscope (TEM).

& Scanning electron microscope (SEM)

SEM microseope shown in figure 3.5 1S a type of electron microscope that produces images
¢ 2 sample by scanming it with a focused beam ol electrons, The electrons interact with electrons
= the sample, producing varous signals that can he detected and that contain information about
S sample's surface topugraphy and composifion. The electron beam is generally scanned 1n
+ ~=ster scan pattern, and the beam's position is combined with the detected signal 1o produce an
smsee SEM can achicve resolution belter than 1 nanameter. Specimens can he observed in high

uum. low vacuum and in environmental SEM specimens can be observed in wet condilions.
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Fransmission electron microscope (TEM)

(1]

TEM microscope shown in figure 3.6 it operates on the same hasic principles as the light
micrascope but uses electrons instead of light. This gives a 2-D view, TEMs uses clectrons as

“light source” and their much lower wavelength makes it possible to get a resolufion thousand

simes hetter than with a light microscope.

—
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Figure 3.6: Transmission electron microscope (TEM)

2% DC Motors

21 Introduction
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Al the most basic level, electric motors exisl o convert electrical energy into mechanical

T T s v

wsersy This is done by way of two interacting magnetic fields, one stationary, and another
Weached o a part that can move, A number of types of electric motors exist. DC motors have the
wmtnal for very high torque capabilities (although this is generally a function of the physical size
Be motor), -are gasy L0 miniaturize, and can he "throttled” via adjusting their supply velta ge.

~ =orors are also not only the simplest, but the eldest electric motors.
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A. Transmission electron microscope (TEM)

=M microscope. shown in figure 3.6.iloperates on the same hasic principles
as the light microscope bul uses clectrons mstead of light. This gives a 2-D view.
TEMs uses clectrons as “light source” and their much lower wavelength makes it
possible 1o pet a resolution thousand times better than with a light microscope.

Figure 3,6: Transmission Elcetron Microseope (TEM)

3.3 DC Motors

3.1 Introduction

Al the most basic level, electric motors exist to converl clectneal energy into
mechanical energy. This is done by way of two inleracting magnetic fields: one
stationary, and another artached (o a part that can move. A number of types of electric
motors exist. DC motors have the potential for very high torque capabilities (although
this is generally a function of the physical size of the motor). are easy 10 miniaturize,

and can be "throttled” via adjusting their supply voltage. DC motors are also not only
the simplest, but the oldest clectric motors.

DC motors are. driven from a DC power supply. the input voltage to a dc
motor is assumed to be constant, because that assumption simplifies the analysis of
motors and the comparisons between different types of motors.[17]




3.3.2 The equivalent circuit of a DC motor

In a DC motor, the supply voltage E and current [ is given to the clectrical pon
or the input port and derive the mechanical output i.e. torgue T and speed o from the
mechanical port or output port,

The input and output port variables of the Direet Current Mator are related by
the parameter K.

Electical Port Mechanlical Port

K

Figure 3.7: DC-Molor Input and Output

T'o understand the DC motor in details let's consider the diagram below,

The direct current motor is represented by the circle in the center, om which is
mounted the brushes, where we conneet the external terminals, from where supply
voltage is given. On the mechanical terminal we have a shall coming out of the
Motor, and connected to the armature, and (he srmature-shall is coupled to the
mechanical load. On the supply terminals we represent the armature resistance Ra in
scrics. Now. let the input voltuge E, is applied across the brushes. Electric current
which flows through the rotor armalure via brushes, in presence of the magnetic field,
produces a worque 1. due to this iorque T the de motor armature rotates. As the
armature conductors are carrying currents and the armature rotates inside the stator
magnetic field, it produces an emfEa. The internal generated voltage in this machine
i= riven by the equation:




£2 = K., Tguation (3.1)

Where:
Ea Armature voltage k: Constant
& Flux m: Speed ol rotation

“nd the induced torque developed by the machine is given by:
= md = K@, .. Equation (3.2)

Where:

= =d - Induced torgue.

%, =mature current

Figure 3.8: The Equivalent Circuil of « DC Motar.
The Magnetization Curve of 2 DC Machine

Ex 18 direetly proportional to flux and the speed of rotation of the machine. Ea is therefore
o the field carrent. Field current in a dec machine produces a field magneto motive force
by Ep = NFIF. Magneto motive force produces a flux in the machine in accordance with its
ization curve,
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Figure 3.9: the Magnetization Curve of a Ferromagnetic Material,

Since Tf iz proportional 1o magneto motive force and since Fa is proportional o lux.

masnetization curve can represented as a plot of Ea versus field current for a given speed ma

Ej..-t{'u

i = iy
A = fconstant)

Ve
; o

Figure 3.10: The Magnetization Curve of a DC Machine,

23




—

3.3.4 DC Mautors Principles of Operation

In any electric metor, operation is based on simple electromagnetism. A current-carrving
conducror generates a magnetic field: when this is then placed in an external magnetic field, it will
cxperience a force propartional to the current n the conductor, and to the strength of the external
magnetic field. Opposite (North and Seuth) polarities attract, while like polarities (North and
Morth, South and South) repel. The internal configuration of a de motor is designed to hamess the

magnetic interuction between a curreni-carrying conductor and an external magnetic field to

cenerate rotational maotion.

Mg

Figure 3.11 A Common DC Motor Parts

Every DC-motor has six basic parts, axle, rotar (a.k.a., armature), stator, commutator, leld
wacnet(s), and brushes. In mest commen DC- motors, the exrernal magnetic field s produced by
“won-strength permanent magnets. The stator is the stationary part of the motor, this includes the
“metor casing, as well as two or more permanent magnet pole pieces. The rotor (together with the
wod attached commutator) rotate with respect to the stator. The rotor consists of windings
wally on a core), the windings being electrically conneeted to the commulator. Figure 3.4

= a common motor layout, with the rotor inside the stator (field) magnets.

The geametry of the brushes, cammutator contacts, and rotor windings are such that when
is apphed. the polarities of the energized winding and the stator magnet(s) are misali med.
e rotor will otate until it is almost aligned with the stator's field magnets. As the rotor reaches

1. the brushes move to the next commutator contacts, and energize the next winding.
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In real life, though, de motors will always have more than two poles (thiee is 2 very

commen humber), In particular, this aveids "dead spots” in the comnmtator,

1.3.5 Types of DC motors

There are five tvpes of de motors separately exeited and shunt DU- motors. moter,

compounded DC- motor, series de motor and permanent —magnet DC.

Permanent Magner DC Moror

The permanent magnat DC-muotor consists of an armature winding as in case of a usual
swetor. but does not necessarily contain the field windings. The construction of these types of DC-
wotor are such that, radially magnetized permanent magnets are mounted on the mner periphery
e stator core o produce the field flux, The rotor on the other hand has a conventional de

ure with commutator segments and brushes [§]

Microcontroller (Arduinn)

The Arduine  microcontroller is un open-souree electronics prototyping platform based on
sasy-to use hardware and safrware. It's intended for artists, designers, hobhyists and

wmterested in creating interactive objects O cavironments.

Arduing can sense the environment by recerving input from a variety of sensors and can
o surronndings by controlling lights, moters, and other actuators. The microcontroller on
= programmed using the Arduine programming language (based on Wiring) and the
Sevelopment environment (based on Processing). Arduino projects ¢an be stand-alone or

cemmunicate with sollware mnning on a computer (e.g2. Flash, Processing, Max MSP).

moards can he butlt by hand or purchased presssembled. the software can bhe

for frec.
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In this project Arduing Mega 2560 is used to programming the three DU gear motors

hecause if's a larger, more powerful Arduino board. Has extra digital pins, PWM pins, analog
nputs, serial porls.

The main advantages of Arduino microcontroller:

lnexpensive — Arduino boards are relatively inexpensive compared to other microcontroller plate
forms.

Sumple, clear programming cnvironment — the Arduino programming environment is easy o usc
“or beginners, vet flexible enough for advanced users,

Cwen source and extensible software- the Arduino software is published as open seurce tools,
wewlable for extensible by experienced programmers,

Ceen source and extensible hardware — the Arduino is based on Atmel's ATMEGASand
STMEGA B8 microcontroller.|?]

Digital Camera

Rapidly advancing technology has made digital imaging within reach of every
cope. There are now so many digital cameras available for microscopy. The digital
is an oplical microscope with & video camera or digital camera atrached or a

will an integrated camera, it is capable of displaying what's en the stage as a digital

Figure 3.12: MEM 1300 Digital Camera
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1.6 Glabal System for Mohile Communication (GSM)

161  GSM Definition

(GGSM or Global system for mobile communication is a world-wide standard for
© 2l wireless mobile phones, GSM is the second generation cellular standard developed to

seovide voice services and data delivery using digital modulation.

GSM exists in four main versions. based on the band used: GEM-900, GSM-1500, GSM-
wnd GSM-1900, where GSM-900 (900 MHz) and GSM-1800 (1.8 GHz) are used in most of
world, sxcluding the United States and Canada. The United States and Canada use (GSM-E50
(SM-1900 (1.9 GHz) instead, since in the U.S. the 900 and 1800 bands were already
[10]

GSAM Network

A GSM network consists of several functional entities whose functions and interfaves are

= the standard.
metwork can be divided into four main parts:

Mobiie Station (MS):
Hase Station Suhsystem (BSS):
Stalion Contreller (BSC): The Network and Switching Subsystem (NSS): It is

ible for performing call processing and subscriber related functions. The different
7




components of the NSS are (Mobile switching center (MSC), Home Tocation register
(HLR) HLR, Visitor location register (VLR), Fquipment identity register (EIR).
Authentication Center AUC).

The Operation and Suppert Subsystem (OSS): It is connected to components of the NSS
and the BSC, m order to control and monitor the GSM system

Tha mokis phons
brnkan down Into s
I cand and dewice
CoOmpononis

Ease stations with s compunents, the Switching nodes with
tramsmitting staion and the cant ol unil registers

Figure 3.13: Archilecture of the GSM network.

7 4.3 The principle of the GSM

CSM operates at two primeiples
s Time division Multiplexing (TDMA):
It 18 very simple, where the radio frequency 15 shared by different users n lime. This way
ey users talk at the same time on the same frequency. This has to be done, becausc as we now

ey or Bandwidth is a scarce resource and is not available m plentiful so it must be

[11]

» Frequency Division Multiplexing (FDMA}):

& s principle, users use different frequencies.




Now. GSM uses a combination of TDMA and FDMA. This means thal users are not only
sharing the channel in time but also in frequency. The standard operation of GSM was able to

srovide data transfer speed up to 9.6 kbps. The principle  of the GSM is presentad in figure 3.16.

FDMA TDMA

o o 2
- N
=EEm -
- B B

e -

Time vs. Frequency

time >

Figure 3.14: The Principle of the GSM. [12]

264 GSM Netwonrk Areas

«  The (iSM network is made up of gengraphic areas, these areas are defined as:

«  Cell: Cell is the basic service area that given radio coverage by one BTS. These cells are of
five different sizes (macro, micro, femto, and umbrella and Pico cells), Macro cells are the
largest cells where Pico cells are the smallest.

« Location Area: A group of cells, where this is the area that is paged when a subscriber gets
an incoming call. Each Location Area is served by one or mare BSCs.

« MSC/VLR Service Aren; The area covered by one MSC is called the MSC/VLR service
area.

« PLMN: The arca covered by one network operator is called PLMN. A PLMN can conlaimn

one or more MSCs.

w GSM?

are several reasons why GSM is o popular among operators and their custamers:

« Clear voice quality




« Internarional roaming

« Speciral Nexibility

«  light sceurity

» Data support

«  Subscriber Identity Madule (SIM) cards

Which allow customers to buy a new or additional phane, or a GSM PC Card moden, and

imstantly transfer their settings, preferences and contacts ro the other device.

There are more advantages for GSM, which it can process the weak signal inside buildings
Sy using a repeater. The standard operation ef GSM was able to provide data transfer speed [rom
56 Khps up w 14,4 kbps. where in GI'RS the data rate can be up to 171 kbps. Therelore, GPRS

was ysed in this project. [13]

3.7 Third Generation (3G) netwark

27.1 Definition of 3G

3G is the third generation of wireless technologies. Tt comes with enhancements over
=sevious wireless techmologies. hke high-speed ttansmission, advanced mulimedia access and
lobal roaming. 3G is mostly used with mobile phones and handsets as a means lo connect the
shome 1o the Internet or other TP networks in order lo mike voice and video calls, Lo download and

wpload data and 1o surf the net,

7.2 Advantage of 3G:

« Secveral imes higher data speed.

« Ephanced audio and video streaming.

* Videv-conferencing support.

o  Weh and WAP browsing at higher speeds.
= [PTV (TV through the Internet) support.
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e Grearsr security than their 26 predecessors.

3.7.3 3G Technical Specifications (Data rate)

= [ligh Mchility
|44 kbps for rural outdoor mobife use. This data rate i3 available for envirenments in which
the 3¢t user is traveling more than 120 kilometers per hour (km/h) in outdoor environments

such as ina frain or car (vehicular trattic).

=  Full Mobility

384 kbps lor pedestrian users traveling less than 120 km' in urban outdoor environments.

= Limited Mobility
At least 2 Mbps with low mohility (less than 10 km/h) in statienary indeor and short-range

r envirenments. These maximum data rales illustraled the potential - far 3G rechnolngy

e are available onlv in stationary mdoor environments.

274 The Reguired for Using 3G

» Device (e.g. a mobile phone) that 15 3G compalible. An example is the iPhone.

» Subscribed to a service provider 1o get 3G network connectivity.

e Your device is connected to the 3G network through its SIM card ar its 3G data card (which
can be of different types: USRE, PCMCIA etc.). which are both generally provided/sold hy

the service provider,

T3 Security

3G networks offer preater security than their 206 predecessors. By allowing the U (User

ament) Lo authenticate the network 1l 1 attaching to, the user can be sure the netwaork 15 the
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intended one and not an impersonator. 3G networks use the KASUMI block cipher instead of the
older A5/ stream cipher. TTewever. a number of serious weaknesses i the KASUMI cipher have

heen identified.

In addition 1o the 3G network infrastructure security, end-to-end security is offered when

application frameworks such as IMS are accessed, although this is not strictly a 3G properly.

Why Third CGeneration (3G) nerwork”?
Because we wanl Lo transfer video and 2Gi does not support video transmission and the
video needs 1o be high speed and 3G speed up to 348Kbps Snaked. and lor the protection of 3G

more protection from the 2 G

218 Third Generation (3G) GSM Modem

181 Definition of Third Generation (30:) GSM Modem:

A GGSM maodem is a specialized type of modem which aceepts a SIM card. and operates
woer a eybseription Lo u mobile operator, just like a mobile phone. From the mohile nperator
sesspective, a GSM modem looks just like & mobile phone.

30 modem support or can handle the (HSDPA) standard, and can support high speed or data
e Alsp it contain a (RS232+USB) interface fipure 317 show the HSDPA Madem. [14]

Ths modem has the following fearures:

«  Rased on Simeom module SIMSZ16E.
e With TCP/IP stack.

» WCDMAHSDPA 900/2100MHz,

s (iPRS ¢lass |12

s FEDGE classl2.

1'SB interface.




Figure 2. 15; [ISDI'A SIMS216 Modem.

5. 9 5IM Card

A Subscriber Identity Module (STM) card is a portable memory chip used by all GSM
“evices, including phones and GSM/GPRS modems. These cards hold the persenal infermation
7 the account holder, including his phone number, address book, text messages, and other data.

= of the biggest advantages of SIM cards is that they can easily be removed from one mobile
shone and used in any other compatible phone to make a call, This means that, if the nser wanrs
» buv @ new handset, he can activate it quickly by inserting his old SIM card. The user's phone
sember and personal information is carried un the card, so there's no need to do anything else to

== fer this information. [13]

81 SIM Cuards Sizes

SIM cards are made in three different sizes to accommaodate different devices. Most phones
muni-8IM or micro-SIM cards, which are quite small. The mini is (23 mm by 15 mm), and the
o i (15 mm by 12 mm). Full-sized cards are much larger, (85.6 mm by 53.98 mm), and are
=2 for most phones. All cards are enly 0.76 mm thick. However, the microchip contacts are
S same arrangement. This means that, with the proper adapter, the smaller cards can be used

S=ices designed for larger ones.
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34,2 Structure of SIM Card.

The SIM Card consist of many compenent like shown in figure 3.15:

Fon I Optional Pad

Figure 3.16: Structure of SIM Card.

210 Digital Subscriber line (DSL)
2 10,1 DSL Definition

Dipital subscriber line (DSL, originally digital subseriber loop) isa family of technologies
srovide Internet access by transmitting dipital data over the wires of a local telephome netwo rk.
lecommunications marketing, the term DSL is widely understood to mean asvmmetrie digital
~riber hine (ADSL). the most commonly mstalled DSL technology, DSL service 18 delivered
rancously with wired telephone service on fhe same telephone line. This is possible because
uses higher frequency bands for data. On the customer premises, 4 DSL filter on each non-

sutlet blocks any high frequency interference, to enable simultancous use of the volce and
sarvices.




2.10.2 DSL Bit Rare

The bit rate of consumer DSL services typically rangss from 236 kbut/s 1o 40 Mbil's n the
dircction to the customer (downstream), depending on DSL technology. line conditions, and
service-level implementation. In ADSI, the data throughput in the upstream direction, (the
direction to the service provider) is lower, hence the designalion of asymmetric service. In
wmmetric digital subseriber line (SDSL) services, the downstream and upslream data rates are

equal.

310.3 Protocols and configurations

Many DSL technologies implement an Asynchranous Transler Made (ATM) layer ovel
o low-leve! bit stream layer to enable the sdaptation of a number of different technologics over

== zame link,

DS implementations may create hridged or routed networks. Ina hridged configuration,
S stoup of subscriber computers effectively connect into o single submet. The earliest
weolementations used DHCP to provide network detatls such as the IP address to the subscriber
cowipment, with authenticarion via MAC address oran assioned host name. Later implementations
o0 use Point-to-Point Protocol (PPP) or Asynchronous Transler Mode (ATM) {Point-to-Foint
5 ocal over Ethernet (PPPeE) or Point-to-Point Promocol over ATM (PPPaA)), while
wesenticating with a user id and password and using Poini-lo-Pomt Protacol (PPE) mechanisms

W provide netwark detatls. [16]
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2104 Transmission methods

Transmission methods vary by markel. region, carnier, and equipment:
« 2B Two-hinary, one-guaternary, used for IDSL and T1DSL.
= CAP: Carrier less Amplitude Phase Modulation - deprecated in 1996 for ADSL, used for HDSI..
= TC-PAM: Trellis Coded Pulse Amplitude Medulation, used for 11DSL2 and SHDSL,
« DMT: Disereie multi-tone modulation. the mest numerous kind, also knewn as OFDM

(Orthogonal frequency-division multiplexing).

2105 DSL technologies

DS technologies mclude:

e ISDN Digital Subscriber Line {IDSL), uses ISDN based technology Lo previde data flow
that is slightly higher than dual chanriel ISDN.

= Iigh Data Rale Digital Subscriber Ling (1IDSL / HDSL2), was the first DSL rechnology
{hat used a higher frequency spectrum of copper. twisted pair cables.

»  Symmetric Digital Subscriber Line (SDSL/ SHDSL). the volume of data flow 15 equal in both
directions.

«  Symmetric High-speed Digital Subseriber Line (G SHDSL). a standardized replacement for
early proprietary SDSL.

» Asymmetric Digital Subscriber Line (ADSL), the volume of data flow is greater in one
direction than the other.

o Asvmmetric Digital Subscriber Line 2 (ADSL2), an improved version of ADSL

o Asvinmetric Digital Subseriber Line 2 Plus (ADSL2+), a version of ADSL2 that doubles the
data rates by using twice the spectrum,

«  Asymmetric Digital Subscriber Line plus Plus (ADSL++), technology developed by
Centillium Communieations (Centillium bas been acquired by TranSwitch Corp.) lor the
Japanese market that extends downstream rares to 30 Mbit/s by using spectium up to 5 75
MHz

« Bonded DSI. Rings (DSL Rings), A shared ring topology at 400 Mbit's




» Rate-Adapuve Digital Subscriber Ling (RADSL), desizned 1o mercase range and noise

tolerance by sacrificing up streany speed
e Verv High Speed Digital Subscriber Line (VDSL)
»  Very High Speed Digital Subseriber Line 2 (VDST.2), an improved version of VDS
s Tither loop HEihemet Local Loop
o (Fxtended-) Reach Digiral Subseriber Line
Uri-DST. (Uni Digital Subseriber Line or UDSL), fechnology developed by Texas
Instruments. tackwards compatible with all DMT standards

e Gigahit Digital Subscriber Line (GDSL), based on binder MIMO rechnologies.[11]

« Universal High bit rate Digital Subseriher Line (UHDSL) using fiber optics. Developed in
2005 by RLH Industrizs, Inc Converls HDSL-1. 2 or 4 copper service mio fiber optic HDSL
serviee.

.

Internet Protocol Suhscriber Line (IPSL), developed by Rim Semiconductor in 2007,

allowed for 40 Mbit/s using 26 AWG copper telephone wire at a 5,500 ft (1.700 m) radius,
26 Mbitis al 2 6,000 £ (1,800 m) radius. The company operated untl2008.

3.11 Digital Subscriber line (DSL) Modem

A digital subseriber line (DSL) moderm s a device used to connect a computer or router (o
wiephone line which provides the digital subscriber line serviee for connectivity o the Infernet,
:h iz often called DSL broadband.

The term DSL modem is technically used 1o describe a modem which connects to a single
outer, through @ USB pert or is installed in a computer PCI slol. The more common DSL
which combines the function of a DS modem and & home router, is a standulone deviee
5 can he connected to multiple computers throngh multiple Ethernet ports or an integral
less access point. Alsn called a residentinl gateway, o DSL router usually munugcs the

tion and gharing of the DSL service m 4 home or small office network.




DSL Modem usually has a series of LED status lights which show the status of parts of the

5L communication link:

+  Power light - indicates that the modem is tumed on and has power.

« FEthernet lights - There is usually a light over each Ethernet juck. A steady (or somehimes
fashing) light indicates that the Ethernet link to thal computer or device is functioning

+ DSL light - a steady light ndicates that the modem has estahlished contact with the
equipment in the Jocal telephone exchange (DSLAM) so the DSL link aver the elephone
line is funclioning.

« Internet light - a steady light indicates that the IP address and DHCP protocol are initialized
and working, so the system is connected 1o the Intemel

. Wireless light - only in wireless DSL modems, this indicates thal the wireless network is

initialized and working.

Many routers provide an internal web page to the local network for device configuration

= status reporting. Most DSL. routers are designed ta be installed by the customer for which a

"0 or DVD containing an installation program is supplicd. The program may also activale the

51 service Upon powering the router it may take several minutes for the local network and DSL

= o imitialize, ugually indicated by the status lights turning green.

Fignre 3.17: Cisco DPC3000 CABLE Modem.
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1.12 Multi Input Multi Qutput (MIMO) Wi-Fi System.

Multiple-inpur multiple-outpur (MTMO) in figure 2.7. Can extend the capabilities of fthe
3G and 4G systems to provide customers with increased data throughput for mobile high-speed
data applications.

MIMO system use multiple antennas at both the transmitter and receiver tu increase the
capacity of the wireless channel. This leads higher spectral efficiency (morc bits per second per
sertz of bandwidth).

With MTMO, it may be possible to provide in excess of 1 Mbns for 2.5G wircless TDMA
EDGE and as high as 20 Mbps lor 4G system.

With MIMO, different signal are transmitted oul of cach antenna simultaneously in the
s=me bandwidth and then separated at the receiver.

MIMO can support multiple independent channels in the same handwidth, provide the
=ultipath environment 1§ rich enough.

This means that high capacities are theoretically possible. unless there is direct line-of-
wzht hatween the (ransmitter and receiver.

If the number of transmitting anlennas is N, and the number of receiving antennas 15 M,
s lead the Shannon limit on channel capacity C is:

CZ=plog;(1+N=M=SNRO)

Where. SNRO is the average signal-to-noise ratio at the receiver in signal nput signal
t system (SISO), and £ is the bandwidth ol the system.

Figure 3.18: Multi Input Multi Output (MIMQ) Wi-F1 System
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3.13 Multi Input Multi Output (MIMO) Wi-Fi Router
Cisco Linksys E3000

A wirelass-N routerwith simultaneons 2.4 and 5 GHz bands designed to increase bandwidth,
sptimized for smeother and faster HD (high data rate) video streaming, file ransfers. and wircless
saming. It contamns three anfennas, and it has four port, for Ethernct network and USH interface.

Suilt-in AV media server streams entertainment content. The USR port prevides connestivity to
werage devices for file sharing at home or over the intemel.

The router comes with 4 LAN ports and WAN port on the back. All are Gigabit-capable. meaning
ey support throughput up to 1,000Mbps on our 2.4GHz frequency Lests, the rounter scores, as
~«pected, weren't as high as those of the 5GHz frequency. Tt scored 43.5Mbps on the close-range
sroughput test and 33.6 Mbps on the long-range test. On the mixed-mode test, where (he router
was set lo work with both N and legacy G wireless clients, it scored 44.4 Mbps.

The Linksys E3000 offers very good range, up to 280 feet in the 2.4 GHz band and ahout 250 leet
with its 5 GHz bands. Both are long among high-end true dual-band routers.

Figure 3.19: MIMO Linksys E3000 router
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In general Table 2.1 contains wthar specifications of MIMO [inksys E3000 shown in figure 3.19.

Ethemnel.
Gigabit Ethernet,
IEEE 802,114,
Dhata link Priotocirl IEEE BO2.11h,

IEEE 802.11n.
TEFF 802.11g,

Fasl Ethernel

Data Transler Rate 300 Mbpx

L2TP,
Metwork /Transport Protocol PETP,
PPPOE

WPAZ,
Encryption Alporithm WPAZ-Enterpnse,
WPA-Enterprize.
WEA

Antennas 2 Internal

Tabla 3 1' General Features of MIMO Linksys E3000 Router
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314 YolP Over IP (VolP)
3141 Deflinition of YelIP

Technology that allows telephone calls to be made over computer networks like the
Seernet. VollP converts analog vaice signals into digital data packets and supports real-time, two-

wav transmission of conversations using Internet Protecol (IP),

Adoption:
+ Consumer market.
» PSTN and mobile network providers.

= (lorporate use.

2 Protocals

Voice over [P has been implemented in various ways using both proprietary and open
ols and standards. Examples of the network protocols used to implement VoIP include:

= 1323

« Media Gatewav Contral Frotocel (MGCPY,

» Scssion Initiation Protocol (SIP).

* Real-time Transport Protecol (RTP).

= Session Deseription Protocol (SDP),

= Inter-Asterisk eXchange (JAX).

Jingle XMPP VolP extensions.




3143 Advantages:

¢ Opsrational cost: VoIP can be & benefit for reducing communication and mirastruciure
COStS:

" Pﬂﬂﬂbiﬁt}'.

o Nobility,

o Scalability.

= Fealurcs.

» Suandardization.

« [osyto Use

+ Possibility of integrating sound and image technologies and datu ut the same lime.

2144 Challenges:

o Ouality of service
* Susceptibility lo power failure

=  Emergency calls:
» Lack of redundancy
=  Number purtability
* P3TN integration
»  Sceurity
s Caller ID
» Compatibility with traditional analog telephone sets

=  Fax handling

» Support for other telephony devices




3.15 Socket Programming
3151 Definition

A socket is one of the most fundamental technolages of computer networking. Sockels

low applications to commumeatc using standard mechanisms built into network hardware and
sperating systems,

2152  Point-lo-Point Communication

A sockel represents a single connection berween exactly two picees of software. Mare than

S0 picces of software can communicate in chient/server or digirtbuted sysiems.

Sockets are hidirectional, meaning that either side of the connection is cupable of bath
ing and receiving data.

Interlace Types

Sockel interfaces ean he divided inte three categaries. Perhaps the most commonly-used

= The stream

agratn sockets
~Raw snckel.




3154  Addresses and Porls

Sockets are typically used i conjunction with the Internet pratocols (TP, Transmission
©ontrol Protecol (TCP). and User Datagram Protocol (UDP). Libraries implemenling sockets for

Lecrnet Protocs] use TCP for streams, UDP for data grams. and [P msel{ for raw sockets. [18].

216 Svystem Software

2161 Introduction

A programming language is an artificial Janguage designed o communicate

sructions to 4 maching, particularly a computer. Programming languages can be used to

seare programs that control the behavior of a machine and/or to express algorithms precisely.
Seee are a lot of programming language that 1s used to build cut a computer pragram, where
sing any lunguage depends on the lasks of the program. In {his project 3G-(8M Modems
wGgured by a code called (AT Commands) (his code has wrillen in a programning

coape called Visual Basic 6.0 (VII6), and my project need C£, Matlab,

Visual Basic 6.0 (VBa)

Visual Basic is desipned to be relatively easy 1o learn and use, Visual Buasic was dertved
BASIC and cnables the rapid appheation development (RAD) of graphical vser interface

& anplications.

Visual Basic 6.0 was the final edition of the software. This version improved (he
svity and ability for web applications, which led to the development of Visual Basic NET.
o Basic 6.0 cannot be developed on Windows Vista, Windows 7 or Windows Server 2008,
o ft ceasad mainstreatn support in 2005, and all support in 2008, VB is very casier to leam
¢ was inlerpreter based language VB6 used Active service page (ASP) to huild web

stions. In this praject, visual basic wall be used for conliguration madem.
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1.16.3 Visual Studio (CF)

C# is o simple. modern, vhject-oriented, and Lype-safe programming language (hat
combines the hich productivity of rapid application development languages with the raw power of
© and €=+, The C# Programming Language is the definitive tgchnical relerence for Cr. Moving
sevond the online documentarion, reference materials, and code samples from the C# design team.
evt follows 2 detailed and complete technical specification of the C# 1.0 language. as delivered
o Visual Studio NET 2002 and 2003, Topics covered include Lexical Structure, Types, Variables,
Conversions, Expressions, Staterments, Namespaces, Exceptions, Attributes, and Unsale Code The
second part of the book provides an introduction to and technical speeification ol the four major
e faatures of C& 2.0 Generies: Anonvmous Methods, Tierators, and Partial Types. Relerence
ks and an exhaustive print index allaw readers to easily navigate the text and quickly find the
wopics that interest them most. An enhanced onling index allows raaders to quickly and easily scarch
= enlire text for specific tepics. Wirh the reeent accepiance of C# a5 a standard by hoth the
Seernational  Organization for Grandardization (IS0) and ECMA. understanding the C#
secification has become critical. The Cff Programming Language is the definitive reference for

socrammers who want to acquire an in-depth knowledge of Cs.

2164 Matlab

MATLAD (matrix laboratory) 1s a numerical compuling environment and lourth-
ation programming language, Developed by Math Works, MATLADB allows matrix
sulations, plotting of functions and data, implementation of algerithms, creahion ol user
sces. and interfacing with programs writlen in other languages. incloading C, C 1+, Java, and
TRAN.
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4.1 General System Operations

This chapter explains in details the Tele-Controlled Microscope design. and final schematic
Siagram for the svstem. An overall block diagram of the system is shown in figure 4.1,
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Figure 4.1: System Block Diagram

The system consists of two parts, microscope unit and dector’s unit, The microscope unit
onsists of microscope. camera, Motors, PCy, 3G-GSM Modem, microcontroller and encrpy
wewrce, The doctor s unil consists of PCz, 3G-GSM Modem and wired network.

In microscope unit, a camera takes the video from microscope and transfers it to PCI, then
e PO sends the video to the doctors umit by 3G-GSM madem or wired network, the doctor can
e the transmitled video via PC2 in the doctors unit, addirionally, the doctor can control the video
= microscope stages via PC2 keybuoard, the doctor commands will be sent by the 3G-GSM
Wedem or wired network, PC1 in the microscope unit receives the commands and transfers them
" he microcontroller, These commands are processed by the microcontroller to activate the

srated molors in the raquired direclion, The following sections talk about main components ol
Svelemm.
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4.2 Microscope Unit

When the doctar send commands to the microscope unit, the camera records video from
“ie microscope and passes it to PCy, then PC, converts the viden W many frames by MATLAR
srogram to become a modem capable of receiving and sending it as shown in figure 4.2.

Figure 4.2; Microscope Umil Block Diagram.

Finally, in microseope unit, 1f the doctor resides within the patient’s country| the video will
sent wireless by 3-Ci Modem. Then, if the doctor resides outside the patient’s country: the video
) be sent wired by internel.

2! Binoncular Compound Microscope

A hinocular Compound microscope, shown in figure 4.3 sis a light microscope that is adapted
= use of hoth eves. 11 is a compound microscope that has two eyepieces used lo view down ane
wa! channel and objective lens,
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Figure 4.3: Bimocular Compound Microscope

T'he purpose of hinacular Compound micrascope is the same as any other microscope ta zoom in
¢ specific item or slide. In this project a binocular Compound microscope is chosen as it has the
smportant [eatures required in the project; a suitable digital camera adaptor can be added to the
sucroscope by simply removing one of the evepieces. Additionally, the mechanical stage of the
mecroscope containg separate knops for lateral movements of the specimen slide in both the X (right
o feft) and Y (back and backward) directions, and axial movement in Z direction (Up and Dawn); in
S project the mentionsd knops are connecled to the DC-Mators (deseribed in section2.3) and
sontrolled electrieally. Furthermore, the microscope price is relatively acceptable,

&2.1 Gear DOC-Motors

The main task of the motor is 1o converl the electrical energy to mechanical energy required
= move the microscope slages.

The DC-Motor speed can be controlled with high aceuracy and efficiency, and can be
“=toced 1o any desirable level using the correet combination of gears in a gear motor, decreasing
s speed 15 accomplished by increasing torque. In this project a low speed, relatively high forgue
=esor 15 required to move the microscope stages. Hence, the Gear-DC Motars are used in this
ot Furthermare, programming it is relatively simple and 1ts cost is relatively low.,

In this project two types of geared DC-Motors are used in order to control the movement
-2 microscope stage in the six directions. up. down, left, right, forward and backward. 11V 135
. Motor, shown m figured 4 (A), does not provide large torque. Hence two motors of type
155 are used for the direction left, right, forward and backward. 455A722 DC-Metor, shown
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in figured.4 (B), provides relatively higher torque, as a result, it is nsed for moving the stage up
and down.

Figure 4.4: A) HV155 Gear DC-Mator By 455A722 12V Gear DC-Maotor

The specifications of gear DC-Motors HV15S is:
“ore Construction is Tron Core

Current Rating is 440 mA

tengthis 67.5mm

Macmum Cutput Torque is 25 Nem

wtput Speed 62 rpm

p Power Rating i3 7.2 W

Shalt Diameter 15 4mm

Seoply Veltage is 12v DC

W adth 15 30mm

Sor more detaily see Appendhix A

< 2.3 Microcontroller ( Arduinog)

In this project Arduine Mega 2360 1s used (appendix B) for programming the three DC-

ors bacause as it has several important features such as extra digital pins, PWM pins, analog
's, sarial ports,

b

The Arduino Mega 2560, shown i figure 4.5, 15 a microcontroller board based on the
SmegalSA0. Tt has 54 digital mpurfovtpul pins (of which 15 can be used as PWM outpms), 16
ooz inpuls, 2 UARTSs (hardware serial ports), a 16 MHz crystal oscillator, a USB connection, a
v juck, an TCSP header, and a réset button. It contains everything needed to support the
scontroller; simply conneet it Lo a computer with a USB cable or power it with an AC-to-DC
stet or baltery (o gel started, The operating voltage is Svolts.
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Figure 4.5: Arduino Mega Microcontroller Chip.

£ 2.4 Digital Camera

In this project t a MEM 1300 digital camera, shown in figure 4.6, is chosen {appendix C)

“has a 1.3 megapixel. It is professionally designed for microscope, where it can be connected to
WICroscope eyepiece tube.

Figure 4.6: MEMI1300 digital camera

MEM 1300 caprures stills photos of 12801024 pixel and video clips of 640*480 pixel. The
wwecial design of 1C Board enables MEM 1300 offer true color and bright image, and with advanced
2ing software, excellent microscopy reports can be crzated by setting density, contrast,
wranion. sharpness and exposing time. MEMI1300 keeps the balance betwesn resolution and
Ssmitting rate. It is provided with USB connector which enable the user to plug it in to computer,

=

S software that allows viewing a live micrascope image on the computer.
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415 3-G GSM Modem

In this project the HSDPA 1G-Modem is used because 1t works at frequency

S 1ROOMIIz in the GSM, and the Rate Downlink up to 7.2Mbps on it and UMTS capable
~erworks Uplink up to 334Kbps, EDGE data up to 236.8Kbps and Driver Antomatically nstall
Sover, nio CD required, SD Built-in Micro S0 memory up 1o 4G, as shown in ligare 4.7,

Figure 4.7: HSDPA 3G-Modem,

“ees Suppoerts Data functions:
= Sus Supports Microsofl Windows 2000/XP/Vista/7.
Seerface USB 2.0 interfoce.

betenna High performance internal anenna.
L SIM card slot and built-in micro S memory expansion slot,

Network

PC ~ GSM ,_@[j}D @[ﬂ PC + GSM

Modem Modem

-

Figure 4.8: Block Diagram of GSM Modem Connection
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12 6 DSIL. Modem

In this project the Ciseo DPC3000 CABLE modem is used. shown in figure 4.8, becanse
< is ome of the best types of DSL modem and does not have any cutting in Information,

The specification of DPC3000 CABLE modem i5:

- Interface type TSB or Fast Ethernet.
« USB -4 pin USB Type B.
¢ Nerwork - Dthernet 10Base-T/100Basc-TX - RI-45.
*- Connectivily Technology 15 wire.
i Compliant Standards UL 1950, FCC Part 15 B
L Power Device Power adapler — Extemnal.
© 08 Required Microsoft Windows 98SE/2DO0/ME/XF

Figure 4.9: Cisco DPC3000 cable Modem

ISP
=8 —
" e
PC +DSL ; A, PC + DSL
Modem Modem

Fignre 4.10: Block Diagram of DSL Modem Connection




4.2.7 MIMO Device

4.2.7.1 CISCO Link Sys E3000 MIMO Device

This section discusses how the MIMO transceiver device works in the system, and the way
0 connect this device other device. In this system the MIMO transceiver i operating at 2.4 GHz
fegquency, and it used 802.11n to tansmit and receive data which provide 300Mbps, and this
Sevice contamn with 3 antennas for transmitter and 3 antennas for receiver.

The MIMO {ransceiver connect with microcontroller in serial, and it also takes the data
=om the microcontroller after processing it to transmit by 802.11n standard to the receiver
sroughout MIMO Wi-Fi agcess point, as shown in figure 4,10,

Transceiver Transcerver

PC + MIMO ET)D (@: D))) ((E:EI) PC + MIMO

Acceazs Point

Figure 4.11 :Block Diagram of MIMO Wi-Fi Devices Connection

The chosen MIMO device is CISCO link Sys E3000. It is a MIMO access point device as
o in figure 4.10. It will be vused in svstem. This device can operate with 802,11 ab/gn
wandards, and it provides data rate up to 300Mbps. Also, it can be connected with LAN and
wreless station and vice versa, and it can operale al different nelwork protocols ke L2TP, PPTP,
g PPPOE.

The Linksvs E2000 offers very gooed range, up o 280 leet in the 2.4GHe band and aboul
feet with it 3GHz band. Both are long among high-end true dual-band routers.

s aecess point has a good inferface to deal with other networks. So 1t has four interfacing port
Ethernet network, one port for USB interfacing, also it one port for internet connection.
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Figure 4.12: CISCO Linksvs E3000 Device

+.2.7.2 Access point

The access point is an important component in this system, especially on MIMO scenario,
* lies between MIMO transmitter and MIMO recetver, so that the data in (his scenario must go
swough to this device. The main function of the access point in MIMO system 1s recerve to
Sesapram MIMO transmitier and broadcast it to other recciving Laptop. operating in the 802 | In
e



4.3 Doctors unit

Figure 4,13: Doctors Unit

1n doctar unit we have PC, DSL medem and 3G GEM modem and we talk about it in last
section.

PC for send data and display the video, DSL modem to receive video and send command

 the micrascope unit and doctor unit n different country, and 3G GSM moden to receive viden

=t send command if the microscope unit and doctor unit in the same country.




4.4 Power Supply

In mains-supplied electronic systems the AC inpul vollage must be converted into a DC
voltage with the reguired DC voltages and currents.

Power supply is designed to convert high voltage AC mains electricity to a suitable low
voltage supply for electronic circuits and other devices. A power supply can by broken down niv
4 series of blocks, each of which performs a particular function.

Each of power supply circuit contain a four main components as figure 4.13 shown:
Transformer - steps dewn high voltage AC mains to low voltage AC.

Rectifier - converts AC to pulsating DC.

Smocthing - smoothes the DC from varying greatly to a small npple.

Regulator - eliminates ripple by setting DC output Lo a lixed voltage.

P 3 1 | :
n §iie D St
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Figure 4.14: Power Supply Circuit

As shown in figure 4.14, output signal from each stage ol power supply circuit,

C

Figure 4.15: Quiput Signal from Each Main Component of Power Supply.




e system components. Figure 4.14 depicts the circuit diagram
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As the DC-gear motors implemented in the project required 12V and the microcontroller
(Arduing) required SV, a 12V & 5V power supplies are designed to fulfill the required power for

of the designed power supply.

Laril
&

T

(2V. 1A , LM7805

IN oUT

(] |

I l- oV
4

l’

I‘IHF

Figure 4.16:12V and 5V Power Supply




Chapter Five

Hardware and Software System Interfacing

5.1 Introduction

2.2 Hardware design

£.2.1 Implementation of Motorized Stage
522 11-Bridges

5.2.2 Universal Serial Bus (LUSH)

5.2.4 Ethernet Cable

5.2.5 Microcontroller Interfacing (Arduino)
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5.1 Introduction

In the previous chapler a conceptual design was presented. In this chaprer a hardware and
software interface will be discussed.

5.2 Hardware design

This chapter provides a description of connections between hardware devices as shown in

eure 5.1,

Figure 5.1: Hardware Design

In microscope unit, the connection hetween fHcroscopes, gear DC-Maotors, micracontraller
: shown in figure 5.2.




Figure 5.2: Control System Hardware Design

=2 1 Implementation of Motorized Stage

To implement the moterized stage, @ small size DC-Motors should be attached to the

The main challenge in this stage is chosen a small size motors that can be sasily

scope knobs.
as shown in figure 5.3, and have required moment to

! in the microscope stage 1isclf, such
= tha stage knoebs in different directions.

Figure 5.3: DC-Motors Fixed in the Microscope Slage
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The two DC-motors are attached to appropnaie knobs by pulleys to move the slide
sontinuously along the X-axis (left ar nght) and the Y-axis (forward or backward) by as shown in
Beure 5.4,

T Controls X

directions

Figure §.4: Attaching Gear DC-Mpotors to Microscope knohs Tor XY direction

I'ke third motor is fixed m the microscope arm in order to control the third direction (z
sment) up and down. It is attached to the coaxial focusing knob as shown in figure3.5.

-

Contrals £
directinns

Figure 5.5 Conneeted Ciear DC-Motor for Z Diraction.
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In order to avoid any pressure in the microscope knobs that may be created by motors when
=1y one of the knebs reaches its track terminals. a micro-switch. shown in figure 5.6, is connected
= the terminals of each knob track.

Micro-Switches

Closed

mmon terminal

Figure 5.6: Micro limit Switches

A mitcro-switch iz a simple switch that is turned on and off via a small lever that sticks out
- top. This switch would be placed at the end of an axes travel, and as soon as the stage will
5 the upper or lower levels, it will change the corresponding micro switch case. Hence the
v voltage circuit will be opened.

=21 H-Bridges

The H-bridge 1s a cirewit used in clectronic control of high current devices, particularly
15e device polarity may be reversed. ¢.g. DU motors.

The H-Bridge 1s principally a configuration of 4 switches, which are switched in a specific
10 contral the direction of the current through the DC mutor. (For DC motors, the dircction
wion ol the armature of the motor i changed by changing the direction of the current flowing
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4 simplified diagram shown in figure 5.7 tllustrares the aperation of H-bridge conliguration

SL

Figure 5.7: H-Bridge Principle of Operation

s¢ are lwo possible paths for the current:

"% red path, where the current is directad to the motor through the swilches 31 and Sz, causing
sotor to turn clockwise.

e green path, where the current s directed to the motor through the swilches 8 and S,
2= the motor to mm anti-clockwise.

The switches of the H-bridge can be replaced by appropriate transistors as shown in figure

Sence. allowing law current controller drive high energy motors, a pair of PNP transistors (or
MOSFETS) at the top and a pair of NPN (or n-type MOSFETS) ar the hotlom.
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Figure 5.8: 11 Bridge with PNP Transistors

Aceording to the transistors state, the motor direction will be determined as shown in table 5.1,

i Maotor
T1 T2 i T4 direction
OFF ON OFF oN Clockwise
oN OFF ON ' OFF Counter
| Clockwise
OFF OFF OFF OFF Stop

Table 5,1 States of Tranzistors and Motor Behavior

The 298 dual-H-bridge driver 1s used .If we have a different motor supply voltage from vur
voltage we need drivers between the logic and the power transistors. There are a couple chips
| Sy depend really on how powerful motors are to use one or hath, both arc dual H-bridge
(80 we can control 2 motors) as shown in figureS.9,




-

Fipure 5.9: Dual 11 Dridge Connected with Molors.

Universal Serial Bus (USB)

USE was designed to standardize the connection of computer peripherals and defines the
connectors and communications protocols used in 2 bus for connection, commumication

er supply between compulers and electronic devices as shown n Figure 3,12

Figure 5.10: U'SB Interface



The system needs USB (o ¢onneet between the PC and the Arduine and conneet between
S and 3G GSM Modem: The USB interface consists four wires (Red. White (Gold). Green
). Black (Blue)) lsave deseribed i Table 3.1

Deseriptio
Name Color
n
VBU
Red +8Y
5
- Cold Data -
Brow
D+ Data +
n
GND Rlue Ciround

Table 5.2: USE Pins

They only send digital data, ones and zeroes. This is the PHYSICAL laver of USE
sscation. The daty signals are [+ and -, T- signal poes 0 ane wire. w the other end, and
we sender on the other wire, The receiver just nates which way the power was tansmitting,
¢ or hackward, to determine if 1t was a one or a zero. This way, 'noise’ would influence both
s il the ame hime and be iomored by the signal processor. The USB divides the available
dth into frames, and the host controls the frames. Frames contain 1,500 bytes. and a new

wix every millisecond. During a frame, sochranons and inferrupt devices get a slot se they

atead the bandwidth thev need. Bulk transfers vse whatever space is lefl

gata sent across the 11SE?

When the software requires data transfer to occur betwszen it and the TSR, it sepds a Block
called an 1Y0) Request Packet (IR P) to the appropriate pipe, and the software is later notilicd
s request s complated suceessfully or terminated by error. Other than the presance of an

L the prpe has no interaction with the USH. As sugrestad by the name Universal Serial
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data transmission in the bus occurs in a serial form. Bytes of data are broken up and senl

@ the hus onz hit at a time, with the least significant bat first as illustrated by Figure 313

Mep Serlal Bus L5B
o0 — 03030 20— @

Figure 311! Sertal Transmission of the Binary Sequence

An eight bit "SYNC" synchronization licld is used by inputs to correct their timing for
e data, Part of this Geld is a speeial symhbol used to mark the start of & packel. The 8 but
entifier (PID) which uses 4 hils 1o determine the lvpe, and henee format, of the packet
e remaining 4 bits are a 1's complement of this, acting as check hits, Part of this held
which of the four groups (token., data, handshake, and special) that the packet belongs

o specilies an impul, outpul o setup Instruction,

s svstem nsed USR as mterface between 20 G5M modem and PC. and imterface between

ol PO not RS232 [or many reasons:

= o intended as a high speed upward extensible fully standardized mierface between |
ooz device using a single port and N peripherals using onc port each with all control
sccomplished by signals within the dara stream

S= was anlended as a 11 relatively low speed semi-standardized mierface between |
setne device and | peripheral per port with hardware control being an intepral pant ef

svwon. In this project we use USB mterface for the following renson,

geees for USB over RS232;

AT

L SH ports due ro their compaet s12¢ are usually present in the modern computers, A
s possass two to eight LUSB ports, On the other hand R5232 ports are too hulky and

goe than the USEB.
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=) Speed:

There 15 a lurge dillerence between the specds of both ports, The RSZ3Z transmits by
o single bit of data over every clock cvele. The rate of clock pulses ranges [rom 150
~0. Roughly estimating, the speed provided by RS232 1s approximatcly 10Mbps for internet
= The LUSB 15 capable of providing up to 480Mbps (USB 2.0) of speed which is much more
% former port, However, the speed provided by the USB is generally limited by the factors

2 number of devices conmectad o the same bus and also on the speed of the host computer,

Fower

The USE port has an inbuilt pawer supply of 5 volts along with the signaling pins. The
ses nowadays utilize 5 volt or less to operate. Thus, ene does not need an external cord 10
= e, they can effectively use the power provided by the USE port, This makes the device

soriablz as one does not have to carry addiional power cords with them.

%= and play:

The devices working with the 8232 port has a command transfer phase to communicate
= other using UAR'T. The computer docs not know what type of device is been connectad
e plug and olay Feature supparted 1 USB porl of computer. Through Uty Feature, the
= can easily detect the device connected 1o 1t by some sort of drivers mstalled in compater

we is configured to nstall irs drivers antornatically as 1L 1s connected 1o the compuier.

Ethernet Cable

Shemer cables are used to connect PC's and other electronic devices to networks, the
el 1o each other. Inthis projeet, the cennection berween sending eard and receiving card
of the most commoen languages or protocols used with a LAN, 11 15 the Ethernet. Is a
wnd dara link laver technology tor local ares networks (LAN). Ethemnetl uses o bus or star
b and supports duta transfer rates of 10 Mbps. Later. "Fast Ethernet" standards increased
semurmn data rate to 100 Mbps. Teday, Gigabit Ethernet technology further extends peak
see up o 1000 Mbps. The Ethernet specification served as the basis for the IEEE
pentard, and Ethernet uses the CSMA/CT access method to handle simultaneous demands.

sz IP [Internet Protocel), data travels over Ethernet mside protocol units called frames.

70




“he run length of individual Ethemnet cables is limited to roughly 100 meters. The type of Fthernet
wsed cable 1s Cat SE — Enhanced Cat 5 cabling that helps to prevent cross-talk. works for 10/100Mb
2ol 1000 Mb or Gigabit Fthemet.

2
7 v

——

e e——,

“‘lnp__h_"
4 Ortngutrigg

Figure 5.12: Ethernel Cable

Inside the Fthernet cable, there are R colors coded wires. These wires are twisted into 4
% of wires; each pair has @ commeon color theme. One wire in the pair being a solid or primarily
= colored wire, and the other being a primarily white wire with a colored stripe, finally a
ot Ethernet cable used lo connect PC to DSL Modem.

Interfacing Microcontroller (Arduino)

In this project, Arduino Mega 2560 microcontroller have been used to programming three
mators, 1t 18 jomt wiath PC, by LISBE.

The driven circuit have been connected to Arduine Mega 2560 microcontroller via digital
coz ping on the Arduino board which has 54 digital inputioutput pins (of which 15 can be
SWM outputs), 16 analog mputs.

bon of the Arduino ping:

= pins:

“he mput voltage to the Arduine board when it's using an external power source (as

* =5 volts from the USB connection or other regulated power source), You can supply
srough this pin, or, if supplying voltage via the power jack, access it through this pin.
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~GND. Ground pins.

out and Oulput Pins:

Fach of the 54 digital pins on the Mega can be used as an input or cutput they operate at
= volts ;and m this project the pins number( 3.4) arc uscd for the first moror, pins(5.6) for the
d motor and pins (7,8) for third motor.

The open —source Arduine cavironment makes it easy to write code and uplead it to the 140
=8 [t uns on Windows, Mac 08 X, and Linux. The environment is wrirten in C++ language.

Figure 5.13: Connection henween Arduino, Drive Circuit and Motors.




5 2.6 Camera interfacing

The camera linked with the eyepiece by special adapter, and connected to PO using USB
ort as shown in figure 5,12, PCI takes video from the camera, analyzes it and divides it info many
Suies using MATLAB software; these frames will be sent to the doctors unit by Modems.

D AT

Figure 5.14: Camera with Microscope Interfacing

USB Camera
Ve Ve
o g e
CHD GND
-
USA ON PC

Figure 5,15 Camera with PC Interfacing




5.2.7 GSM Modem Interfacing

In this system, twe GPRS modems have been used at the two sides. Figure 4.2 shows the

Nokia internet stick C8-11 GPRS modem with the main input and ourput interfaces.

The sub-interfaces are:

= Charger interface: 5 Pins.

= 5IM interface; 6 Ping are:

2} CCRST: For Resct
31 CCIO: For Input /Output data.
4 CCCLK: For contrel
51 CCVCC: Supply 3V
&1 CCGND: For Groumd.
Seal interface USB: 4 Pins (VBUS 3V, D-, D1, GND),

= Power supply (3V/2A): 3 Pins one for Ground and four for BATT-.

1) CCIN: For knowing if there 1s a SIM Card in the holder or not.

USE

VEE

lit

BRI

SIMCard NeokialntrnetModemStickCEll
Lo BTy BT
DAY CCRyY -
oCTo B 1l A
= PO =
[ i [o o
Frity teaEn

EATTE
ARTTEL
RATTES
EETTE]

Figure 5.16; Interface GSM Modem

Power




5.2.8 DSL modem interfacing

A DSL router consists of a box which has an RJ11 jack to connect to 4 standard subscriber
‘tiephone hne. It has several RI45 jacks for Ethernet cables to conneet it lo computers or printers,
creating a local netwark. It usually also has a USB jack which can be used to connect to computers
viza USE cable. to allow connection to computers without an Ethernet port. A wireless DSL router
2i50 has antennas to allow it to act as a wireless access point, so computers ean connect © |
Sorming a wireless network. Power 15 usually supplied by o cord from a wall wart transformer. The
“gure 3,17 shows the DSL modem and how to link it with the computer by Ethernet Cable,

Fhone Line Wall Jack

Figure 5.17: The DSL Mudem Connect with Compurter by Ethernet Cable.

T- 2688 T84
1 2345678 1 - 34867 8

| 1] 1 | e
l.')‘ o JIP r."l!

Figure 5.1%: Structure of R145,
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=3 Software design

The following flow chart figure 5.19 summarizes the principle of operation of the system:







SL1 Matlab Programming

We will use the MATLAB program in our project in order to split the video that we g=t
Som the camern 10 the frame; to become able o transfer it across the GS8M Modem or DSL
Modem

MATLAB program detimiton:
Program MATLAB is a software engineering (and has other areas) carries out the analysis
W representation of data by processing the data seccording 1o 1ts own database,
=221 C++ Programming
("++ language are used in this project m order to cnable us to programming the motar, Will
conirpl in the movement of the motor {left, right, up, down) via kevboard huttone by C1
semands and ach character wall represent be a cerfain movement.
C— ig a4 high-leve] programming language that was developed in the mid-1970s, It was
coally used for writimg UNIX prepgrams, but is now used to write applhications for nearly every

Lanle plattorm. Comparad to most pravious languages, C is easier to read, more Nexible (can
sod tor a wide vanety of purpeses), and more efficient ar usimg memaory.

Visual basic studio 6 (CF)

C% language are used in this project in order to enable us to make u program that can sends
ud from chient lo server for control the motonzed.

T8
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6.1 Introduction

Sofrware is an important part in any technological system, Qperating and conlrolling anv

“omponent in this projeet requires software handling,

s chapter explains the required sofiware with detailed steps and procedures of programming

oy used companent in this project.

 hould be noted that most of the designed sysiem has been programmed using the Arduino and
WATLAP softwarc.

Arduine Programming

When we connected the Arduino microcontroller to PC. then follow these steps 1o get

seessfully conneetion between  Arduine snd PC,

voading the Arduino software from Arduing Homepage as shown in figure 6.1,

©0

ARDUIND

Download the Arduino Software

Trieqman-nviroe Ardano envamanrrent ikes i esoy 10 with toes &hil iploati o b2 The o baand o mire an Windiras
ML 85 wrd i The sraranmas ioaiiitan M ARLANG Dased on Pl eserng vy -gor Bnd uiber apan e
;e

Figure6.1: Dewnloading the Arduine Software Humepage.




After downloading the Arduino softwarc on PC, Then we double click on Arduino

application o get the window as shown in ligure 6.2,

~
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Figure 6.2: Ardumo program applicztion.

Seno programming steps:

st step: selecting Arduino board
scting the entry in the Tools == Board => menu that cormresponds to the chosen Arduino, We
the Arduino Mega 2560, as shown in figure 6.3,
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Figure 6.3: selecting Arduino board

Second step: Selecting the Serial Port

s 15 that we must scloet the correct serial part number,

i ligure 6.4, COMS senial poit is selected in this project.

The hoard communicates with the PC via a USB interfuce, but with a serial protocol .all

selecting the serial device of the Arduine board is from Tools > serial port menu .ag
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Figurc 6.4: Selecting the Serial Porl.




1 Third step: writing the progran as shown in figure 6.5
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Fipure 6.5; wriling the program

+ step: Uploading the program

W uting the program and compiling it uploading the code by sclecting File >> Upload to 10
w shown in figure 6.6, Ifthe upload is cuccessful. the message "Done uploading” will appear

Saius it
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Figure 6.6: Upluading the program.

8 step: displaying result on serial monitor.

e the serial monitor is displaying by selecting Tools >>Serial monitor as shown figure 6.7
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Figure 6.7; displaying resull on serial monitor

Figure 6.8 shows (he serial monitor on which the results are displayed to make sure that the
works properly.
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Figure 6.8: serial monitor,
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6.3 'Transferring video

We nced the Matlab program in both scenarios to tansfer video .in GSM scenario we
mansfer video between two doctors in the same countries, m DSL scenario we transfer video

Setween two doctors in different countries. Figure 6.9 shows the Matlab program thar transferring
the video.

Ill: Fdt. View L'ﬁ')' Cragram  Smulaticn Sralyses Code  Tooks  Help

iEe-B 4wk » mew

VerusiEEES . T
YUYZ e X0 CE CE  fddp Cb
npidl £29

&, L3
Frem Vae Devce o HRERD o

Chama
Resamplng

Fipure 6.9: Matlab Program that transmitting the video.

We nzad severnl blocks for a server to transmitting video on the PC: UDP send, Byte pack,
2 Resampling and from video device as shown n Figure 6.9.

send: The UDP send block transmils an inpul vector as 4 UDP message over an [P network

Video Device : The From video device lets you Acquire live image data from an image
won device .such as cameras and frame grabbers, i order to bring the image data mto a
== model, The block also lets you configure and preview the acquisition directly from

= From Video Device hlock opens, mitializes. configures, and controls an acquisition
The opening, initializing and configure occur once, at the start of modeal's execution.
model's run time, the block bullers image data. delivering one umage frame [Or cach
timie step,

Resampling: The Chroma Resampling block down samples or up samples chrominance
2 of a pixel to reduce the bandswidth required for transmission or storage of a signal.
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Byte Pack: Lsing the inpur port, the block converts data of ane or more data type into single uint¥
vector for output. With the options available, you specity the inpul data type and the alignment of
e data in oulput vector. Because UDDP mussagss are in wint® data format, vse this block before a
UDP send block to formar the data for transmission using the UDP protocol.

Figure 6.10 Shows the Matlab program, which receives the video in both scenarios, and
Ssplay it one computer in meniloring room.

e e Ig= A
Ta E& Viee Dacey Cogem Siceldien  Bralms

= -8 B e OR N

Figure 6.10: Matlab program that reeeives the video.

We need soveral blocks fur a client to display the receiving the video on the PC: UDP
Byte unpacking, Chroma Resampling, Color Space Conversion and to Video Display as
Figore 6.10.
ceive: The UDP Receive block reeeives UDP packets from in IP network and saves them
er. With each sample. the block output emits (he contents of a single UDP packet as a

sacking: This block is the exact analog of the pack block, It can receive a vector of onc
lowing Lypes: double, int8, units, int16, unitl6, int32. unit32 and Boolean.

Resampling: The Chroma Resampling block down samples or up samples chrominance
ut of pixel to reduce the hundwidth required for ransmission or storage of a signal.

sce Conversion: The Color Space Conversion block converts color informanon between

_Use the conversion parameter to specify the color spaces you are converting between.

= ees are R'GR to Y'CbCr, Y'ObCr to R'G'B' R'GB' 10 mtensity ,R'G'B' to HSV, HSV 10
sR'GB 10 XYZ , XYZ to sRG'B, sR'G'B' 1o L*2*b® and L*a*b” to sR'GB'.

ideo Display: The To Video Display block sends video data to your computer $Creen.

-
"
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64 Program to Send Commands

This program use to send command from doctor side to the microseope o zoom
controlling, this happen by use two program: Client Software and Sever Software.

&.4.1 Client Software

*  Open the client application trom Microsoft visual studiv 2007 program.
*  Till the IP and the number of port and then press connect button as shown in Mgure 6,11,

Conrrect

No connection

Figure 6.11: Connect Window.

~After enter the TP and port number, the application will enter Lo the main screen window.

Transfer command that needed 1o send.
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6.4.? Server Software

s Open the server application from Microsoft visual studio 2007 program, the application will

=nter 1o the main sereen window as shown in Figure 6.13.

Figure 6.13; The Server Main Screen Window

A fier that, the server will be able to receive the sending commuand.

A fter receiving the command, it will be transfer 1o Arduinon.

Voice e over internet protocel (VOIP)

1In this project we use this technique fo connect receiver (doctor 1) in anc location

snother receiver (dactor 2) in other lucation to diagnose the bloed sample coming lrom

er side

«« accomplished by using software called Elastix server and x-light 4 &s phone

Doctor

“KLH__H

Microscope
Unit :
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For stability we will install the Flastix on a dedicated server rather than U§Ing a normal
semputer. The used version will be Elastix 1.0,

After installing the software on the server, using browser, connect 1o https://ipaderess/ (e.0.
s 710.10.175.4) to be presented with the Flastix initial Admin i login screen,

=t up and configuring Elastix.

S=tial installation

The Elastix version will download from the websile helow (Littp:/wwy elastix.org)
¢ download another software to run Flastix called (VMware work station)

S o instzllation:

o VMware work station und choose create a new virtual machine as show helow.

B 5 e A L ey
Lol e M

VMware” Workstation 8

sizp 1

Vot dwank b
i ot e Al
e . PR TR M crre

Saima vl Bmen vy e I T r—
1 EpmaE e sy s

- LSS R T wa— 1 Esfruin brulein
5!,_\' S bl e e s ST vvdnm o Ay
- et
Wlrlaialewn Flegrorsd Ll o 5 U]
|t i e Y g o Crw el s e e
shdia TuiieEy

Fiaure 6.14: VMware Workstation § Window




1 Step 2: run to begin installation as show below.
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Figure 6.15; Run to Begin Setup

Slep 30 press [enler] Lo starl the installation

elastix
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Figure 6.16: Elasrtix Profile
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The following graph to enter information that need 1o server.

1) Cnter 11" address and sub net mask {e.z: 10.10.1.1, 255.255.0.0).

Tigure 6.17: Login Wimdaw.

© Enter server name as: PPU — Hebron server.

Figure 6.18; Hestoame Ceonfiguration
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3) Enter TP of gateway this [P used to access to server on Google page (10.10.75.4).

Figure 6.19: Miscellansous Network Settings

£\ Enter password, As a secrel Lo access 1nto server.

Fisure 6.20: Root Password,

After the previous steps complete access to Google page and write [I? address which you
wess it in previous step (c.e. hirtp://10.10.75.4) then enter user name and password you chonse.




When you access to main page of Elastix server make extensions to call it by VolP as
followmng:
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Figure 6.21: Main Page of Elastix Server

Thone software is show in following:
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7.1 Hardware Results

This section describes the simulation and practical hardware results of the project.

7.1.1 Simulation Results

This section describes the simulation results of the 1-kridge and motor in both directions
(elockwise and counterclockwise) states. In the clockwise state. the transistors Tz, T4 are on,
snd Ti. T3 are off, in the H-Bridee, in this case the motor will move clockwise as shown n
Figure 7.1,
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Figure 7.1: Forward State Simulation




= the counterclockwise state, the transistars Ty, Ta are on, and T, Ta are off, as shown in Figure
72
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Figure7.2:Backword State Simulation

~.1.2 Practical Results

This section depicts the hardware results, representing the connections between the
wicroscope, DC-Motors, micro switches and necessary electronic interfacing circuits,

% Single Motor Test circuit

After downloading the software programming for DC- motors by using Arduine software
~onected in Arduine board. The wires of the DC- motor and Arduino board connecled Lo their
table pins in H-bridge in order to move the DC-motor in both directions. Figure 7.3 depicts
Bese connections.



Figure 7.3: Single Motor Test Circuit

A small test is done for one motor to cxarnine the project’s software and motor motions in
seth direction (clockwise and counterclockwise).

7.1.2.2 Overall Hardware Motorized Microscope Results

The following figures depict the complete motorized microscope, showing the three DC-
=otors and the correspending two micro-swilches for each DC-molor. Each DC-molot moves

= microscope slage in one of the three directions.




Forward
Direction

Figure 7.4: Moving the Slide along the Y-axis (Forward)

Backward

Direction

Figure 7.5: Moving the Slide along the Y-axis (Rackward)
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Figure 7.7: Moving the Slide along the X-axis (Left)
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Figure 7.8: Moving the Slide along the X-axis (Up)

Figure 7.9: Moving the Slide Along the Z-axis (Down)
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7.2 Software Results

7.2.1 DSL Testing

The two computers are connected successfully through a DSL modems. Aller that a test

s applied to initialize the DSL modems as shown in figure 7.10.
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Figure 7,10: shows confirm the connection between two DSL modems.

After initialize rwo DSL modems, they have bzen used 1o transfer video berween the two

mputer, and the process has been done successfully.

* 1.2 Wi-Fi Testing

The two computers are connected successfully through a Wi-Fi. After that a test 1

swsfer data from client to server as shown in ligure 7.11

B )




The Client sends number 3 The Server Receives number 3
from the Client by Wi-Fi

Figure 7.11: Shows Confirm The Transfer of Data from Client to Server Through the Wi-Fi.

722 3G Testing

The two compulers are connected successfully through a 3G, Afler that a test is send
messape from device to another for initiate the 3G GSM Modem,

Mow Messoge 24 W8 A graill e om

Fipure 7.12: shows sending message success.




7.3 Performance Evaluation

To evaluate the performance in this project. we have to measure the Delay, Data Rate and
Rang, This measurements should be applied to GSM, DS1. and Wi-Fi scenarios.

TA3.1 Delay

The delay is a significant factor in this project as the nalure of the sent data required fast

TANSMISSION.

The delay defined how long it take for an entire message fo completely arrive at the

destination from the time the first bit is sent oul from the source.

The delav is made of four component: propagation time, transmission time, queuing time

and processing delay.

1) Propagation Time: measurcs the time required for a bit 1o travel from the source to the
destination. The propagation time is caleulated by dividing the distance by the
propapation speed.

Distance

Propagation speed

Propagation =

2} Transmission Time: the time required for transmission of a massage depends on the size

of the message and the bandwidth of the channel.

DistMessage sizeance
Bandwidth

Transmlssion Time =

1) Queuing Time: the time needed for each intermediate or end device to hold the message
before it can processed, The queuing time is not a fixed factor; it changes with the load
imposed on the network. When there is heavy traffic on the network, the quening time

INCIeasts,

4) Processing Time: the time it take routers to process the packet header. Processing delay is

a key component in network delay.

105




The delay in GSM scenario from the moment of sending the message from the module to
completely arrive at the mobile is 9 sec.If the size of the message increases, the delay

increases. The reported resull is an average of multiple experiments, and delay n voice.

But in Wi-Fi scenario, we have conducled three experiments to obtain the delay. This
delay was measured by using Ping. The Ping is a computer network administration utility
used ro test the reachahility of a host on an internet protocol (IP) network and it to measure

the round-trip time for message sent from the originating host to a destination computer.

The [irst experiment was when we placed the transmitter and the access point and the
receiver "personal computer” in the same floor, the average delay in this case was 0.6 msec

which was obtain from 15 readings.

The second one when we placed access point and the transmitter in the same floor and
nlaced the receiver "personal computer” in another floor, in this case the delay was 1.1 msec
gotten from 15 readings.

The third one when we placed the transmilter in the first floor and the access point in the
second floor and placed the receiver "personal computer” in the third floor, in this case the

delay was 9 msec obtained from 1 Sreadings.

[iata rate

In this project. Cisco Linksys E300 supports 502.11g standard. It operates at a maximum
wsecal Javer bil rate of 300 Mbps or about 115Mbps, average threnghput. This is much more
rator to 3G GSM which provides 144Kbps data rate and 80Kbps throughput.

Coverage

A Wi-Fi signal provide coverage typically up to 250 feet from an AP depending on
such as walls.

A (iSM signal provides far more widespread coverage of several miles or more from a

mel
108




I T

The previous measurements and results compared to previous project are summarized in
the following rable 7.1:

Tahle 7.1: Summarized resules

3G GSM Wi-Fi MIMO Wi-Fi
Delay 3 sec 6.7 m sec % msec
Data Rate 300 Kbps 54 Mbpy 150 Mhbps
Range " Several Miles 200 feet 250 feet |

74 Challenges

Several challenges faced the students during the design. The main hardware challenges
~an be summarized as follows:

- Finding an appropriate microscope that can be moved in the three directions.

- Finding an appropriate microscope that has a good mechanical strength to enable three motors
= six micro-switches to be connected to it

© Connecting motors. micro-switches and interface components in relatively small size
microscope,

Finding the optimal DC-motors for the project that has small size with the required electrical
“aracteristics such as sensitivity power and torque.

“inding the oplimal camera thal has an adaplor that fits with the eye-peace of the microscope
fulfill the required features for sending good guality images. g
When we transmission by using DSL this require static [P address.
We face many problem in transferring video by Matlab.

Wz face a problem for choosing suitable 3G modem.

Drfficult prablem to make interface between two different network.

main software challenges:
~caming Arduine language for programming the motors,

Leaming  micro-switches programming language for controlling the motor stape
ementls.




7.5 Recommendations

Afler completing the hardware design of the project succossfully, several applications can
he suggested such as increasing the consulting units and use the principle of this project in other
medical diagnostic devices that needed mternational experts.




Appendix




const int [N1=3%

const int INZ=41

const int IN3=5¢

canst int INd=B*

const int IN5=7%

const int ING=8:

int valuet

constint buttorPinl =9; 7/ the number of the pushbutton pin

canst int buttonPin2 = 10;  // the number of the pushbutton pin
const int buttorPind =11:  // the number of the pushbutton pin
canst int ButtonPing = 12:  // the number of the pushbutton pin
constint buttonPins = 13;  // the aumber of the pushbuttan pin
const int buttonPing = 14; // the number of the pushbutton pin

int buttonStatel =0; J{ variable for reading the pushbuttan status
imt buttonState2 = 0; // wariable for reading the pushbutton status
int buttonState3 =0; J{ variable for reading the pushbutton status
int buttonStated = 0; J{ varlable for reading the pushbutton status
int buttonstates = 0; /{ variable for reading the pushbuttion status

int buttonStates = O; /{ variable for reading the pushbutton status

void setupl]}

Il fIRST , define the Mator's pin asan QUTPUT
Sarial begin [9600);
pinMade( INL ,QUTPUT);
pinMade( IN2 ,QUTPUT);

pinMode( IN3 ,OUTPUT);

bt i b b b




pinMode| IN4 OUTPUT(;
pinMade| IN5 ,OUTPUT);
pinMode( IN6 ,QUTPUT);
pinMode(buttonPinl, INPUT):
pinMode(buttanPin2, INPUT);
pinMode(buttonPin3, INPUT):
pinModa(buttonPing, INPUT);
pinMede (buttonPins, INPUT);

pinMade(buttonPing, INPUT);

{
void Clockwise1{)
{
digitalWrite{INT,LOW);
digitalWrite{IN2 HIGH);
b
void ClockWise2(}
digitalWrite{IN3, LOW);
digitalWrite|INg HIGH),
}
void ClockWise3(){
digitalWrite(INS, LOW);
digitalWrite{ING, HIGH):
}
void CounterClockWise 1}
digitalWrite(IN1,HIGH);

digitalwrite(INz,LOW);




i

void CounterClockWisez()

{
digitalWrite(IN3,HIGH);
digitalWrite{INA,LOW);

i

vold CounterClockWise3()

{
digitalWrite(INS, HIGH};
digitalWrite(IN6,LOW];

)

wvoid Stopl()

{

{{ When we want to let Mator Ta Rotate clock wise

i just void this part on the loop section,
digital\Write(INL LOW);

digitalWrite(IN2,LOW);

vaid Stop2()

{
digitalWrite(IN3,LOW);
digitalWrite{IN4,LOW);

}

void Stop3l)

{




digitalWrite(IN5,LOWY;

digitalWrite(INE,LOW);

!

void Stop4{)

{
digitalWrite(IN1,LOW):
digitalwrite(IN2 LOW);
digitalWrite{IN3,LOW);
digitalWrite(IN4,LOW);
digitalwriteIN5 LOW):

digital\Write|ING,LOW);

void loop ()

value =Serial.read();

huttonStatel = digitalRead(buttonPinl);

if { value=="2')

{
if (buttonStatel == HIGH )

ClockWis=1)):




buttonState2 = digitalRead({buttonPin2);
if [ value =='3")
{
if (buttonState? == HIGH)
CounterClockWisel(};
else

Stopl();

buttonState3 = digitelRead(buttonPin3);
if{ value =="5")
}
if (buttenState3 == HIGH )
ClackWise2();
else

Stap2i);

buttanStated = digitalRead{buttanPind);

if{ value=="&")

)
if (buttonStated == HIGH)
CounterClockWise2();
else

Stop2();

bt
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b
suttonStates = digitalRead(buttonPins);
if [ value=="g)
}
if (buttonState5 == HIGH )
Clock\Wise3();
else

Stop3()

buttonStated = digitalRead|buttunPing);

if | value =="'9")

if (buttonStates == HIGH)
CounterClockWise3() *
alza

Stopa();
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Olympus CHBS Microscope - All
Olympus 4x, 10x, 40x, HI 100x

o 6 310" X 15"/ 20cm ¢ 25emx 3Bcm
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ATmega640/1280/1281/2560/2561

Pin Configurations

2 1-1.  TQFP-pinout ATmegaB4l1280/2580
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ATmegat640/1280/1281/2560/2561

re 1-2,  CREA-pinout ATmegad4) 280/2560
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Thalargs center pad undarmaatn the QFNMILF package iz mada of metal and [nternaily con-
riactnd 1 GND. 1 should be-solderes o glued to the Doard o ensure goot meshanizal staliog 1

the centar pad |5 left unconnected, tha packags might inosen trom the Boart.
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a 2-1.

ATmega640/1280/1281/2560/2561

The ATmeqaB40/1280/1281/2560/2561 is a low-power CMOS 8-bit microcentroller basad on the
AVH enhanced RISC architecturs. By sxscuting powerful instruztions In a single ciock cycie, tha
ATmegatdl/1280/1281/2560/2551 achieves throughputs approachisg 1 MIPS per MHz aliowing
tha systom desianer to cptimize power consumphion Versis processing speed,
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ATmegab40/1280/1281/2560/2561

Tha Almel® AVR™ cora combines & rich instruction set with 32 general purpose working regis-
ters. All the 32 registers are direclly connectad 1o the Arithmatic Logie Unit (ALLY, allowing swo
indansndent registers to ba accessad in one singls instuction axecuted in ane clock cycle. The
resulting archilestura is more cede efficiant while achisving thraughpuls up to ten times faster
than conventinnal C1ST micraconiraliers.

Tha ATmegafd/128011281/2560/2561 provides the following features: 54101 28K/256K byles of
In-Bysiam Programmable Flash with Read-While-Write capabilities, £Kbvies EEPROM, &
Kbytes SRAM. 54/88 general purpese 10 lines, 32 general purpose warking ragislars, Raal
Time Counler (RTC), six Hexible Timer!'Couriters with compare mades and PWM, 4 USARTs, &
byls criented Z-wire Serial Interface, a 16-channel, 10-bit ADC with optional differential input
glage with programmakle gain, programmable Watchdeg Timar with ntsrnal Qsaillator, an 5P
zerial port, |IEEE® gid. 1148.1 compliant JTAG tast intariace, alsn usad for accessing the On-
chip Debug system and programming and &ix softwars seleciabla power saving modes. The Idle
mede stops the CPU while allowing tha SRAM, Timar/Counlers, SPI port, and interrupt system
to continue lunctionlng. The Powar-dowh mode saves the regisier contents but freezas the
Osclliater, disabling all othar chip funcfions untll the nest intermupl or Hardware Aeset, In Pawar-
gave mode, the asynchronaus fimar continues o ren, aliowing the user i maintaln a timer base
whils trie rast ol the device ig slasping. The ADC Noisg Haduction mods steps the CPU and all
113 modules excepl Asynchronous Timer ane ADC, to minimize switching reise during ADC
conversiara. In Siandby mode. the Cryslal/Resonator Osciliater Is running whils tha rast of the
devics iz sleeping. Thiz allows very fast start-up combined with low power consumplion, In
Extended Sianoby mode, bath the main Osciliator and the Asyrchronous Timer continue 1o run,

Atrrel offers tha QTauch® lbrary tar embedding capacitive touch buttons, sliders and wheals-
functioralty inta AVR microcantrollars, The palanled charge-lransfer signal acguisition
offarsrobust sansing and includas fully debounced reporting of toush keys and includes Adjecant
KeySuppression® (AKS™) technology ‘or unambiguous detecton of key avents. The easy-to-usa
QTouch Suile leolchain allows you Lo explors, devolop and debug yeur ewn touch applications.

The device Is manufactured using Atme!'s high-density nanvelasile memory tachnology, The Cn-
chip ISP Flash aliews the pregram mamary to be reprogrammed in-syatam through an 3P| senal
interizce, by a convertional nenvolatile mamory pragrammer, ar by an Gn-chip Boaat program
running on the AVR core. The boot program can uza any interface to dowload the application
program in the application Flash mamery, Software In the Beot Flash section will continue 1o run
while the Application Flash seclion is updated, providing rus Read-While-Write cperation. By
combining an 8-bit RISC CPU with In-System Sel-Programmable Flash on a monolithic chip,
he Atmel ATmegabaly 12801 ZH1/2560/2561 is a powerul microsontrolier that provides a highly
flexible and gzl effsstive soluticn ta marty ermbedded control apolications.

The ATmegab40/1280/128 1/25€0/2561 AVR is suppartad with a full sulte of program and ays-
tem development taols ncludings G compllers, macro assemblers, program
debuggerislmulatars, In-clrcut emulaters, and evaluation kits,
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Comparison Between ATmega1281/2561 and ATmega640/1280/2560

Each device in the ATmegaB40 2801 281 /2580/2581 family diffarz enly in meamory size and
Aumber of pins. Table 2-1 summarizes tha ditfarent configurations for the-six devicas.

e 2-1, Configuration Summary

e ———

Ground.

Part A (PAT..PAD)
Pert A ls an B-bit bi-directiong! VO pert with internal pull-up resistors (selscied lor sach bit). The
Port & cutput buffers have symmetdzal drive charactenstics with baty high sink end source
capability, A5 inputs. Port A pins that are extemally pulled low will scurge current il the pull-up
resistors are activated. The Port A pins are Iri-staled when a resst condition becuimes aclive,
sven i the clock §s not running.

} General 16 bits resolution Serial ADC
Zavice Flash | EEPROM RamM Furpase 'O pins PWM channels USARTS Channels
STmagaS40 | 64KB | axB gKe B 12 4 18
Smopaised IL 128K LHB gKe B2 12 4 18
mage] 281 128KB SHE BHE 64 B 2 B :
FmegeliGl | 255KB | 4KE BKE BE ' L 4 18 3
Emzgalied 2EEKB AKE BKE 54 g .l 8 E
2 Pin Descriptions 1
vee
Digital supply voltags. =
GND i
4
£

Part A also serves the functions of various speclzl features of ths
ATmaga540/1280/1281/2560/2581 as |isted on page 78,

Port B (PB7..PBO)
Part B is an 8-hit bl-directisnal 140 port with internal pull-up resistors {selacted for each bit). The
Port B cutput buttars have symmeirical drive sharaciedslics with both high sink and seurce
capability, As inputs, Fort B pins that are cxiomally pulled low will scurce eurrent if the pull-up
resistars are activated. The Port B pins are tri-slated when a reset condilion becemas active,
even f the slock is not running.

Fort B has better driving capabiliies than tha cther parts.
Port B also serves ihe funclions of varicus special leatures of the
ATmegas40/1280/1251/2560/2581 as listed on page 78,

Port G (PG7..PCO)

Port C is an B-bit bi-directianal 110 port with internal pull-up resistors (selested for each bit), The
Port C output buffers have symmetrical driva characteristics with both high sink and source
capability. As inputs, Port © pins that are extemaly pulled low will source current if the pull-up

I g [0 o R
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resistons are aclivalad. The Port C© ping are tri-stated when 2 rasat condillon bocomes active,
even T the clogk is not rurning.

Fort © also samvas the functions of apacial (eatunes of the ATmegas401 28011281/ 256002581 as
listad an page 82

Poril D (PD7..PDD)
Port D i3 &n 8-kt Bi-diractional 10 pert with internal pull-up resistors (selecled tor each bil). The
Port D output buffars have symmetdzal drive characteristics with botk: high sink and source
capabilty, As inputs, Port D pins that are externally pulled lew will soures current it the pull-up
resistors are activated. The Part D ping are td-siatad whan a razet condtion becomes active,
gwan il the clogk iz nal running,

Porl D alse sarves the lunctions of wvarious special lealures al the
ATmegabd/1280/ 251/2560/2581 as fisied on pages B2,

Port E |[PET..PED) <
Port E ie an 8-hit bl-directianal 140 port with intarnal pul-up rasislors (selected for each pit). The
Port E cutput buffers have symmetrical ddve characteristics with both high sink and source
capability. As inputs, Port E pins that are extamally pullad low will source cumrent [f the puli-ug
resistors are activated. The Porl F pins ara tri-stafed when & resat condition bacomes active,
even it the clogk is not running.

Part E alsc serves thée funciions of various special features of Lhe
ATmagas40/1 280/1261/2550/2561 as | sted on page 85.

Port F(PFT..PF0)
Por F serves as analog Inputs to the AD Gonvartar,

e e Ty

Fert F also serves ag an 8-bil bi-diractional 110 port, if the A'D Gorwvarter is not usad, Port pins
can provide internal pull-up resistors (sslected for each bit), The Port F output buffers have sym-
metrical drive characleristics with both high sink end sourca capability, As inputs, Port 7 pins
that are sxtamally pulled low will source current if the pull-up resistors are activated. The Port F
pins are fri-stated whan a reset condition becomes aclive, oven 1= clock is not running. If the
JTAG intsrfaca is anabled, the pull-up resistors an pins PF7(TDI), PFS(TMS), and PF4{TCK) will
be activated even if & eset ooours.

Porl F also serves the funclions of the JTAG intarface.

PURG ST b

Port G (PG5..PGO)
FPerl Gis a &bit 1O port with internal pulkup resisiors (sslecled for sach bit). The Pat G output
buffars- have symmetrical drive charactenstics with both high sink and source capability. Az
rpuls; Porl G ping thal are 2ddernally pulled low will source current il the pull-up resislars are
activated. The Port G ping are vl-stated when a reset condition bocomes active. even i the clock
i nat running.

Fort & also serves the lunctions of warious speclal features ol the
ATmegaBaD/ 1280/1281/2560/2561 as listea on page 80,

Port H (PHT..PHO)
Port H is & 8-bit bi-directional 170 port with internal pull-up resistors (selected for sach bit). Tha
Part H output buflars have symmaetrical drive characteristics with both high sink and source
eapability. A inpute, Pan H pins that are sternally pulled low will sourse current if the pull-up

ATMEL :
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1esistors are astivatad. Tha Part H pins are iri-stated when a rezet condition becomes active,
even il the clocl is nol running.

Part H also serves the functionz of various special features of the ATmegaBal/1 280/2560 2z
listed on page 82,

11 Portd (PJ7,.PJ0)
Bort | 15 & B-hit bi-directiaral VO port with intemnal pull-up resistors (selected for each Bi). The
Portd outpul buffers have symmetrical drive characteristics with both high sink and source capa-
bility. As inputs. Port J pine that are externally pulled low will source current if the pull-up
resislors are activated. The Part J plns are tri-stated when a reset condition becomes active,
even if the olook i nol running,

Port J also serves the functions ol various special features of the ATmaga620/1280/2560 as
I'sted on page 94.

112 Port K (PK7..PKO)
Pat K sarvas as analog Inputs to the A'D Converier,

Part K is a 8-bit bi-directonal 110 port with Internal pull-up reslstors (selectea for each bit). The
Port K cutput buffers have symmairical drive charactaristics with both nigh sink ang scurce
capabllity. As inputs, Port K pins that are axarnally pullad low will seurce eurrent if the pull-up
resistors are activated. The Porl K pina are iri-stated when a resst candition bacamas active,
gven If the ¢lagk s not running.

Port K also serves the furctions of varicus special features of the ATmegaBL0/1280/2560 as
listed on pags 86,

13 Fort L (PLT..PLD)
Fort L is a 8-bit b-girectional I'C port with intamal pull-up resistors (selectad for each bit). The
Port L output buffers have symmatrical diive charactaristics with both kigh sink and source
capability, As inputs, Port L pins thal are externally pulled low will saurea currant IF the pull-up
raslstors are ectivaled. The Port L pins are ir-stated whan a rasel condition bacomas active,
avan 1 iha clock 15 not running.

Port L also serves the functions of various special features of the ATmegaf40i1280/2580 as
listed cn page 28,

RESET
Beset input. A low level on this pin ler longer than the minimum pulse length will genaratzs a
reset. even |f the clock is not running. The minimum pulss langth 1& given In "System and Resel
Characledstics” on page 372, Shorler pulses are not guarantasd to generate & rassl, =
XTAL1 "3
Imput ta tha inverting Oscillator amaolificr and inpul ko 1he internal clock cparaling circuit, E
XTALZ :

Cutput from the invering Oscillator amplifier:

TS R

105012 [ =t P L



ATmega640/1280/1281/2560/2561

AVCG Is the supply voltage pin far Port F and the A/D Ganveriar, |t shauld ba exiarnally son-
nected to Vee, even it the ADC is not used. It the ADC is used. it shouls be connected to Vg
throughea low-pass filter.

AREF
Thie is the anslog ratarence pin for the A'D Converer.

10
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1. Resources

A comprehensive sai of development tools and applization notes, and datashoots are avallable
lor download on hitpdiwain atmel.comiiavr.

About Code Examples

This gocumentation containg simple code examples that brisfly show how o use varous pars of
the cevice, Be aware that nat all © compiler vendors includs bit dsfinfiens in the headar files
ang interrupt kandling in € s compiter depaadent, Plesase confimm with the G compiler documens
tation fer more details.

Tnase cude examples assume that the pad specific headar file is included before compllation.
For 110 ragizters located in extended /O map, "IN, "OUT", "88I8", "SBIC", "CB!", and "SBI*
instructions must be replaced with instructions that sllow access 1o extended VO, Typloally
"LOS" and "STS' combinad with "SBRS", "SBRC’, "SER’, and "GER",

Data Retention

Relakiity Cualifization resulis show thal the projecied dala relention failurs rale s much less
than 1 ppm over 20 years al B5*C or 100 years at 25°C.

Capacitive touch sensing

The AtrelPQTouch® Library providges a simple o use solition to realize touch sensifive inter-
faces cn mosi Atmel AVRE® microconirollers. The QTouch Library includes support far tha
QTouch and QMatrix® acquisition methods.

Touch sensing can be added to any appication by linking the appropriate Almel QToush Library
for the AVA Micracantreller. This is done by using a simple set ol APls o defing the touch chan-
nels and sensars, and then calling the toueh sensing API's to retriave the channel information
and delanmine the fouch sansor states.

The OTeueh Liorary iz FREE and downloadabla from the Almel website 2t the following location:
wyhw.zimal.com/glouchiibrary, For impiamentation detgils and ather informalion, rafar to tha
Atmel OToueh Library Usar Guide - also availsble for dewnload Tram the Atme! websile,

11
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7. AVR CPU Core

71 Introduction

This section discusses the AVA core archilecturs in general. The mamn function of the CPL care
is to ensure correct program axecutien. The GPU must therclore be able lo sccess mamionas,
periorm calculations, control peripherals, &nd handle Interrugts.

2  Architectural Overview

Figure 7-1.  Biock Diagram cf the AVR Archileclure
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In order to maxmize peformance and oarallalism, the AVR uses a Harvard architeciure — with
separate memorias &nd buses for program and dala, Instructiens in the pregram memory are
exzcutad with a singls level plpelining. While one mstrustion is baing axecuted, the next instruc-
tion Is pre-fetehed from the program memory. This concept enables instructions 10 be execuied
in every clock cycls. Tha program memary is In-System Reprogrammatle Flash memery.

ATMEL 12
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Thie fast-acosss Register Fils contains 32 = 8-bit general purpose working registers with a single
clock gyele agooss time. This allows single-gycle Arithmetic Logic Uinit (ALLY) operation, In & typ-
icgl ALU operation, twe eperands are output trom the Register File, the operation iz executed,
and the result Is stored back in the Register File— in one clock cyole.

Eix of tha 52 reglslers can be usad as three 16-bit indirect addrass ragiztar painters for Data
Spaca eddrassing — enebling efficiant address celculationz. One of the these address pointers
can also be used a3 an address pointer far ook up tables in Flash pregram memory. Thess
adoed lunction registers are the 16-0it X-, Y-, and Z-register, descrbed later in this section.

The ALL supports arthmstic and logls opsrations between regislars or hetwaan & constant and
a register. Single regizler oparalions can also be axecuted i1 the ALLL Aftar 2n arithmetic opara-
tian, the Stalus Register s updaled to reflest information aboudt the resull of the cperation,

Pragrarm flow Is provided By conditional and uncenditional jump and call instructions, abls 1o
diractly eddress the whele addrass space, Most AVR instructicns have a single 16-bit word far-
mat. Evasry program memary address contains a 16-bit or 32-bit instruction.

Program Flash memary apace is dividad in teo sactions, the Boot Pragram sactien and the
Application Program section, Both sections have dedicaled Lock bita for write and rasdfwrite
profection. The SPM instruclion that writes into 1he Applicatian Flash memory section musi
reside inthe Bopt Program sectian,

During Interrupts and subroutine calis, the retum address Program Counier [PC] is stored on the
Stack. Tha Stack Is effectively allocated in the goncral data SRAM, and consequently the Siack
size is only limitad by the lotal SAAN size and the usage of the SRAM. All user prograrms mugl
initalize tha SF in tha Reset routing (before subrautings or iritermupls arg execuied]. The Stack
Pointer (5P} is readfwrite accesslble In the 1/O spacs. The data SBAM can casily be accessed
through the five differant addrassing madas supporiad in the AVR architeclure,

The memory spacesin the AVRA architacture ars all Fnear and ragular memaory mags,

& flaxitle intarrupt module has ez control regiglers in the VD spaca witn an additiona! Global
Irterrupt Enable bitin the Status Register. All intariupts have a separate Interrupt Vector in tha
Intarupt Vactor table. The interrupts have prierity in accordance with their Interrupt Vector posi-
tian, The lowar the Interrupt Veotor address, the higher the priority.

I'he O memary space cantalns 64 addresses for CPU perdpheral functions as Contra| Rege-
ters, SP1, and other /0 functians, The VO Memory can be ascessed diractly, af as the Data
Space locations lollowing thase of the Register Filz, 0x20 - 0x5F. In additicn, the
ATmegabali 12801 S@1/2560/2561 has Extended /D space from UxB0 - Cx15F in SRAM where
only the ST/STS/STD and LOALDS/LED instructions can be uzed.

ALU - Arithmetic Logic Unit

The high-perdormance AVR ALU apzratas in direet conneetion with all the 32 general purpose
warking registers. Within a single clock eyele, arithmetic operations befween gensral purposs
registers or hetween a register and an immed ale are executed. The ALU operations are dwicad
inta thres main categordes — arithmetic. logical, and bit-functions. Sema implamantations of the
archilesiure also provide 2 powerful multiplier supparting bath signed/unsigned multiplication
ana fractional format. Bee the “instruction Set Summary” on page 418 lar a detallad deseription.

Wbl e
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T4  Status Register

The Stalus Ragister contains mbarmetion apout the resu] of the most recently executad arthmea-
tio Instruction. This intarmalion can be used far allering program flow in order 1o perform
condilional aperations. Note that the Status Hegister is undaied atter all ALU operations, as
specilied in the “Instruction Sct Summary” on page 416. Thie will In any casas remave ke
need for using the dedicated compare Instructions, resulling in faster and more compact cods.

The St2tiis Reglstar je not aulamatically starad when entenng an intarupt routine and restorad
when returning from an interup!. This muet ba handled by software.

1 SREG - AVR Status ‘Replstar
The AVR Status Register - SREG — is defined g

ot F E a H 3 2 1 [\

e oy B M s 2y oy | & | v _ T =W =5 ¢ | srem
Feadroe R RAA L Rvw Rw e R AW

Inleal Wolue o] 1] & o o o f L

* Bit 7 —1I: Global Interrupt Enable

The Global Intsrmupl Erable oit mial b sef lor the nterrupts 1o be enabled. The individual intar-
rupt enable eortrol is then perfarmead in Separale contro] registers. If the Glabal Interrupt Enable
Regisler is clsared, none of tha inlerrupts are enabled indapendant of tha individual interrup
enable setlings. Tha |-bit iz cleared by hardware aiter an interrupt fas ascurred, and is set by
the RETI instruction (o snable sunsequant inferrupts. The I-bit can also be gel and claared hy

the application with the SEI and CL| Instructions, as deseribed in the “Instruetion Sat Summary®
on page 416,

* Bt -T: Bit Copy Storage

The Bit Capy instructisns BLD (B LoaD) ang BST (Bit ETore) use tha T-hit as source or dagh-
naton for the operated bit, A it from a register In the Register File can be copled inta T by tha
BST instruetion, and & &t in T can be copiad into & Bit Ina tegislarin the Asgister Fila oy the
BLD instruetian,

* Bit 5= H: Hall Carry Flag

The Haif Carry Flag H indicates a Half Garry in same arithmetic oparaliens, Hall Carry |s useful
in BCD arithmetic. See the “Instruction Set Summary” on page 416 for dela lod Infarmation,

* Blit4-S:SignBitS=N= VY
The S:hbit ig always an exclusive or between the Megative Flag N and the Two's Compisment
Cvariow Flag V. See the Insruction Sst Summary” on page 418 for detailed information.

* Bit3 -Vv: Two's Complement Overfiow Flag
The Twe's Complemant Overfiow Flag V supporis twe's complement arithmelics. Sea the
Snslruction Sat Summary” on pagz 416 for delailed Infermration,

* Bit2 - N: Negative Fiag
The Magative Flag N incicates a negative resull In an arithmatic or ioglc operation. See the
“Instruction Se| Summary” on page 416 ‘or detalled information.

AIMEL i
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= Bit1-2: Zero Flag

The Zaro Flag Z indicales 8 zero resull in an-arithmstic or logic operation. Ses the ‘Instruction
Sat Summary” on paoe-d16 for detailed informaton.

* Bit0- C: Carry Flag

The Garry Flag C indicates a carry m-an arithmetic or logic operation. Sce the “Instruction Sot
Summary™ on page 416 for datailsd information.

75 General Purpose Register File

The Aegister File iz optimized lar the AVR Enhanced RISC instructon sel. In order 1o achieve
the required performance and flexibilily, the follovwng inputioutput schemes ars supported by the
Regisier Flla:

+  One &-bit output cperand and one 8-bit result Input

+  Two 8-bit cutper operands and ona B-bit rasult input

*  Twn B-hitcutput operands and ana 15-hit rasult input

= Ong 16-bil output operand arid one 18-bit result mpu

Figura 7-2 shows the slracture of the 32 general purpose warking ragisiers in tha CPLL

Figure 7-2. AVE CPU General Purpose Working Registers

7 1] Addr,
0] O i
m Uit
Rz [
k! Limt il
G meral €14 0x0E
Purpoas ) 3 (iF
Warking H1E b Pl |
Femiaters [ mpE ]
res: 0 | oI Herepstar Lew Byt
RET iE E-rngeine g Byis
Rk — | wic ¥-reyaler Low Gyte
- 0 | D rormgleber | figh Byt
RAh Rt E Z-ros o Ligw Bwly
CE Dl Zrmgister High Dijte

Most of the instructions opesating on the Begister File have direct access (o &ll registers, and
most of them ara single cycle instnictions.

As shown in Figurs 7-2. sach registar is also assigned a data memory acdress, maoping them
direetly into the lirst 32 Iocations of the user Data Space. Although not belng physically imple-
manted as SRAM [ncations, this memory organizalion provides great Hexibility in access of the
registers, as the X- ¥- and Z-poinier registers can be saf 10 index any register in the file.

The X-register, Y-reglster, and Z-reglster

The registers R26.R31 have some added funciions to their general purpose u=age; Thass rag-
Istars are 15-bit address pointers for indirect addressing of tha datz spaca. The thraa indirect
address registers X, Y, and Z are defined as described in Figura 7-3 on page 16,

ATMEL 15
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5 Stack Pointer

VRN E

Figure 7-3. The x-, Y-, and Z-registars

16 #H 1 2
Nereopale K [ K a |
R27 ety F2s D id)
15 H h i 3
Y tagkatEr I T T I = ™1
[TECRTET 524 {W1G)
15 IH e 0
d-remblr I 3 D [+ - 1
Fa' [oxiF) i (em )

In the diffzrant acdressing modes thess address reqgisters have lunctions as fixad displacaman,
automatic Increment, and sutamatic decrament (see the “Instructon Set Summary” on page 416
far datalls).

The Stack s mainly used for storing temporsary data. for slodng local veriables and for storing
relur addresses after inlarrupls and subreuling calls. THe Stack Pointer Register always points
to the top of the Siack. Nots that the Stack s implemented as growng from higher mamory loca-

tians to lower memary locations. This irmples that a Stack PUSH command decreases the Stack
Painter.

Tha Stack Painter points to the data SRAM Stack araa whera the Subroutine and Intsrupt
Stachs are locatad, This Stack space in fhe data SRAM must be delined by the program belore
any subrouline calls ars execitad or intemupts are enebled. The Stack Pointer must be set o
point above 0x0200, The inilial value of the stack pointer is the last address of the inlernal
SHAM. The Stack Pointer is decremenied by one when dala is pushed onto tho Stacs with the
FUSH instrustion, and it s decremenied by two for ATmegat4D/1280/1281 and three for
ATmegacstd/2561 when the return address is pushed ento the Stack with subroutine call or
interrups. The Stack Pointer is incrementad by ons when cata |s popoad from the Stack with the
POP instruction, ard It s Incremented by two for ATmegab40/1280/12871 and three for
ATmegaZ560/2581 when data |3 popped fram the Stack with raturn fram subrouting RET ar
relum from istarrupt RETL

The AVRA Slack Pointer & implementad as lwo 8-bil regislers in the VD gpace. The number ol
bits azually used is implementation dspendenl, Nute that the dats spacs in some implements-
tions of the AVE architecture iz so small that only EPL |z nesded, In this case, the SPH Registar
will nat be present.

Bit i3 Le 13 1E 1 18 o B
e WbE) 55 T SP11 | SPiR | s I Py SPE SPH
843D 103Dy | &FT EP6 | BPE P3| 8P B8 BF1 BP0 | SPL
T 7 5 4 3 z [
Aoyt Fiy R R AN RV AW Al f
Py i W FEw e AW AN A
=il Vel o [+ ] 1 L+ o o i |

¥ (] 1 ] ! 1 1 1
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RAMPZ — Extended Z-polnter Reglster for ELPIM/SPM

@i v & ] 4 3 2 1 g

3B (B} I NAVMPZ7 l RAMPTS | HAMPTE [ RAMIP2L  RAMPZS | RAMPIE | MAMET L RAMPZ0 | HAMFZ
Brud Wil R AW MWW = HWw B B M

Imitial Valuim n} i a o) i} a 9 (e}

For ELPMISPM instruciions, the f-pointar is a concatenation of RAMPZ, ZH. and ZL. a5 shown
in Figure 7-4. Nole that LPM is notaffected by the HAMPZ setling.

Flgure 7-4. Tha Z-painter usad by ELPM and SPM

EHi ¥ <] 7 B
(Indis dusiy

-
L=]

| TAKFT | H 1 2, |
Bil (7 pendor] e ali| n M i i

Trie zctual numier of bits is Implementation dependent. Unused kits in an implementation will
always raad as zero, For compatibilily with future devicas, be sure to write these bits 1o zere.

E EIND — Extended Indirect Register
Fii 7 fi & 1 3 2 1 G
C:3C %30 | EINDT | EINDE | EWHDS = EIND2 EIHD3 | EINDZ | EIRDH EINDD | EIND
FaatiWrite A AW AW Py FLY Ry v T
L.l Vafea i ! (7 v 1w il [ B

For EICALUEIIMP instructions, the Indireci-pointer to the subroutine/routine is a concatanation

of EIND, ZH. and ZL, as shawn in Figure 7-5. Mate Ihat ICALL and IUMP are not atfected by the
EIND setting,

Figure 7-5. Tha Indirect-pointar used by EICALL and EIJMP

B4 T kr (3 o ¢ o
[tz vy
T— =
| EIHDY | TH [ Y |
Bl (ufireck 23 16 1E B 7 2
poiniery

Tha actual number of blts s iImplementation dependent. Unuseo bits in an implemantation will
always raad 82 zero. For compatibility with future devices, be sure o write these bis 1o zerg.

= Instruction Execution Timing

This saction describes the genaral access liming concepts faor Instructian execullon. The AVR
GPU is drivan by the CPU clack clik oy, directly ganerated from the selected clock source for the
chip, No internal clock division is usad,

Figure 7-€ on page 12 shows the parallel instruction fetchss and instrustion executions enabled
by the Harvard architecture and the fast-access Register File concept. This is the basic pipelin-
ing concept to abtain up to 1 MIPS per MHz with the corrosponding unigue results for functions
per cost, functions par clocks, and funclions per powar-unit,

AlMEL i
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Figure 7-6. The Faralle! Instruction Fetches and Instruction Exgoutions
T T2 T2 Te

Mg NLP—S=RAE PR g N A ——
1st Instructicn Fetch — >

15t lnstructon Exscule ——
=ns Instruction Futch P —————

S ks Pt I

ard Inetuction Exesune e
Ak Ingtruction Fatoh o R

Figura 7-7 shaws the intarmal tming soricept for the Registar File. In a single clock cycls an ALU
operalion using twa register operands is exscuted, and the resull is stored back to the dsstina-
lion register.

Figura 7-7. Single Cycle ALU Cparation
1 ™ T3 T4

r— | VI \ A, . ey S

Totst Execution Time —_______ >
Raglster Dperands Feich —— 2
AL Cparafion Fuesita L)

S ——

‘Fesult Wrile Back { b

Reset and Interrupt Handling

The AVE provides several diffarant mterrupl sources. These interrupts and tha separele Fesel
Vactor aach have a soparate program vaelor in the program memaory space. All interrupls are
assigned individual enable bits which must be written logic one together with the Global Intarmupt
Enakle bit |0 the Status Register in order to enable Ihe interrupt. Depending on the Program
Courter valus, interrupts may be automatically disabled when Boot Lack bits BLBOZ or BL31=2
are programmed. Thiz feature improves sofiware sacurily. See the section “Memory Frogram-
ming” on page 335 for delails,

The lowest addresses in the pregram mamory space are by dafault defined as the Resat and
Interrupl Vectors. The camplets |'et of vectors is shown In “Imerrupts” on page 105, The list also
determinss the priority levele of the dilferent interrupts. The lower the address the higheris the
prigrity fevsl. RESET has the highest prictily, and next is INTC — the External Interrup! Reguest
0. The Interrupt Vectors can be moved 1o the starl of the Beot Flash section by selting tha WVSEL
it in the MCU Conirol Registar (MCUCH), Refer to “Interrupis”™ on page 108 for mora informa-
tion. The Hoset Veclor can also be moved 1o the start of the Boot Fiash saction by programming
the BOOTRST Fuse, see "Mamary Frogramming” on page 335,

Whan an interrupt oocurs, the Global Interrupt Enable I-bit is cieared and &l interrupts ars dis-
abled, Tha usar sofiware can woite logle ans %o the 1-bit to enable nested interrupts. All erablec
interrupls can than intzrrupt the currant inlerrupt muting. The [-bit ig automaiically sel when a
Return from Interrugt instruction — RETI — is axecuted.

ATMEL "
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There arg basically two types of [nlarrupts. The first type is triggered by an event that sets ths
Interrupt Flag. For these interrupts, he Program Countar s vectored lo the actual Interropt Vec-
tar in ordar to execute the interrupt handling rautina, and hardware clears the corrdsponding
Intarrupt Flag. Inferrapt Flags can alse be cleared by writing a logic one 1o the flag bit position(s)
la be clearsd. If an interrupt congition osours while tha corrasponding Interrupt enable bit is
cleared, tha Intarrupt Flag will be set and remembered untl the interupt is enablad, er the tiag is
cleared by software. Similarly, if one or more interrupt condilions acour wiila tha Glabal Intarrupt
Enable bil is clearad, the corresponding Interrust Flagls) will be set and remambared untll the
Global Interrupt Enabis bit iz set, and will then be exscuted by order of priority.

The sescnd type of interrupts will friggar as long as the Inferrupt conditon is present. Thaze
Interrupts do not neeassanly have Inlemupt Flags, If the interupt condition disappears belare the
Interrugt Is enasled, the interupl will not be irlggared,

When the AVA exits from an interrugt, it will always return to the main program and axecute ane
more nstruction bafore any perding interrupt is served,

Nete that the Status Ragister s nat automalically stared wher enlering an infarrupt routine, nor
restored when rewrming Trom an intamrupt routing, This must be handled by sottware.

Whan using the CLI instruction i disabls interrugis, the interrupts will be Immediately disabiss,
No intarrugt will be executed 2fer the CL instruction, even if it oocurs simullansausly with the
CLI instruction. The following example shows how this can be used fe avoid infarrupts during the
timed EEPROM writa ssquence.

Assamﬁy Code Exampla
im Tk, EEEC ; =tore SREE valua
oli ;odigshle in=AarmupteE during timed seguenbd
gbi ®2CH, EEMFF j =start EEFRON wrile
ghi HEcR, EEFE
cuk S=TE. Y16 §Urpmkars GREE-VETHE =l

G Cods Example

char chbilloty
CHUESG = SA=GE o stoce FRES value */

fY o digabie faterrunts during tised seousnoe TS

diEakle tnterrupb (b
EROR |= ([le<ZEMPE): £* grard REPRGH write &4
EECE |= (L=<hEFBE])

SREG = oERES 7 restore SRES valus (L-his) fr

Whan uzing the SEI instruction o enable interrupts. tha instruction tollowing SEIL wil be axe-
cuted befare ary pending Interrupts, as shown in this example.

19
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Assembly Coda Example |
gei § st Blabal Incerrupt Cnsbie ‘

Rlaap: eatar shesp, s ling for JHlerr ol
i mote: will enler Slecp Defore any pending
jlinbesoept el

C Coda Example

erRbla dnbereupt ) A get Glokal Toteriupt Enable 7

_atmepdt: 0¥ enter sldn, wedling Sde THE0EFGGE *F

J* mpker will unldy slsep befors anw panding intarrupt (21 4

Interrupt Respanae Time

The interrupt execulion response for all the enabled AVA interrupts |s five clask cyclas minimum.
Aller live clock cycles the program vestor address for the actual imerrupt handling rootine is sxe-
cuted. Durng these five clock eycle period, the Program Counler is pushed onto the Stack. The
vactor is normally a jump to the interrupt routine, and this jump takss thres clock cyeles, If an
interrupt cocurs during execution of & multi-cyele instruction, this instruction is completed before
the intaruptis sarvad, If &n Interrupt cocurs when the MGCU s in sleep mode, the interrupt exe-
cution responee time is incresssd by live clack cycles. This Increase comes in addition 1o the
star-up tima from the eelected slasn mods.

A return from an interrupt handing routing takes five clock cycles, During these fiva clock cyclss,
tha Program Counter (three bytes) is popped back from the Stack, the Stack Pointer is incre-
mantad by thres, end the 1-bit in S8EG Is set
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DUAL FULL-BRIDGE DRIVER

= OPERATINGSUPPLY VOLTAGEURTO 46 V

= TOTAL DC CURRENT UPTC 4 A

» LOW SATURATION VOLTAGE

= OVERTEMPERATURE PROTECTION

= LOGICAL "0" INPUT VOLTAGEUP TO 1.5 V
{HIGH NOISE IMMLUNITY)

DESCRIFTION

The L2398 is an Integrated manalithic cireull in 8 15-
lead Mulliwall and PowerSO20 packages. I is a
high valtage, high current dual full-bridge driver de-
signedtoacceptstandard TTL logiclevels anddrive
inductive loads such as relays, solanaids, DT and
steppingmolors, Two enableinputs are provided to
anablaor disabla the devices independenttyafthain-
pul signals, The emitters of the lower ransistars of
each bridge are connected togetherand the corre-
sponding external tarminal can be usad for tha con-

BELOCK DIAGRAM

Multiwatl 15
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DRDERING NUMBERS @ L295N (Multiwsl Verl. )
L2oaHN (Multtiwalt Herlz Y
L2887 (Fowsr@020)

neclionof an extermalsansing resistor. Anaddilional
supply inputis provided so that the logicworks sl a
lower voltage.
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ABSOLUTE MAXIMUM RATINGS

Symbol Paramatar Valua Unit
Vs Pover Suzply 50 W
Vss  [Lopic Supply Vollage z ¥

ViWe  |Inputand Enshle Votags 037 iy
les Peak Oulpul Current (gach Channsh
— Hor Repelitive (t = 100s) 3 iy
—Repaitive [R0% on -200 0 l.e = T0mE) 28 A
—DC Coeration 2 A
Viars Sansing Vil age w23 '
i Total Powar Digzipaion (Tess = T5°C) 25 w
Top Juncton Cpersting Temparatuns —2Gtp 13l "G
Taig, Ty |Storage and Juncion Temperature -4G 1o 150 Ee
PIN CONNECTIONS (top view)
/ L ' s cummenTsensnG e
“wi—————> dinPira
@' wE——=  cumins
12 m— Y
W — EMAELED
[T e— T )
e ————y LOEHE SLIPFLY YOLTARE Ve
pluitiwatis F—— o
e—— MPLTE
Ef———— 3 EMABLEA
Efe—— AT
S o— ][ R AT R AT
.@. i wmwmm
5| oe— 1T,
o il -~ /= cummssvanas
Z TAE CONMECTED T FINE A
4
s 31 20 [ sho
Seraes [—J & i [+ Set=eD
HE 13 w3 NG
(= A0 — 7 [ s
ouiz [ 5 PewerS020 4 ) cus
Ve =) 6 15 1 npuis
ot T3 7 14 ] tmtk B
Enahles ] & 15 Ty Inpuat3
nputE —} ® 12 ] 55
G 3 10 ] ano
EwiER
THERMAL DATA
Symbaol Parameter PowerS020 Mu ltiwattis | Unil
R cease | Thermel Resistance Junctioncase MEx. - 3 =iy
Rl jama | Thermal Resistancs Junction-ambient Mz, 13 1% 35 "Gy

1+ Mevirted pe aluminum subsieis

213
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PIN FUNCTIONS (referio the block diagram)

MW.15 PowerSQO Hams Funetian
115 e Sensef; Serse B |Betwesn thes pin and ground s connected the senss resislor to
coniral the cumrent el lhe Joad.
2:3 15 St Out 2 Cutputs of the Bridge A, the cument that flows thraugh tha load
connedted batvaen these bwo ping i2 moniosed al gin 1.
4 L Ve Supply Valtage for the Power Cutpid Stagas
A norHnductive 100nF capachor mus! e connasted botween this
frin anel greund.
57 70 Input 1 Inout2 | TTL Campatible Inputs of the Bridge A
&11 814 Erable &; EnanleB | TTL Compalible Enabls Input: the L siats disables the bridge A
(e A} andior the bridge B (enablk 8]
B 1, 70,4120 GMDO Ground.
= 12 WES Supply Vokage forthe Lagle Blocks. A100nF capacitor must be
cormecizd between this pin and ground,
;12 1315 Input 3; nput 4 TTL Compslitde Inpus of the Bridgs B.
13; 14 EAT Dutd; Dutk2 Outputs of tha Bridge B The cument that fows through the load
connedad between these two ping is menitored et pin 15,
= 518 [ L Mat Canmacked

ELECTRICAL CHARACTERISTICS {V= = 42V V= = 5V, T = 25°C; unless olherwisa specified)

Symbol Paramegter Test Conditions Min. Typ. | Max. Unit
Wy Supply Vokage (pin4) Opargtive Condiian Vi +2.5 48 W
Ves  [Loglz Supply Veltzge {sin 8) 45 5 7 v

s Quiescort Bupply Curmant (pind) |Vep=H; L =0 Vi=L 13 22 rry
Vi=H &0 70 A
e b Wiz X F il
Ize Ouiescert Cuftat from Veg (0inD) (Vg =H, I =0 Vi=L 4 =8 rad
Vi=H ? 12 i,
Wen =L V=X Tk
Vi Input Low Violtege 03 15 vV
(pins 8, 7, 10, 12)
Vi Input High Voltage 23 VEs Y]
(pire 5,7, 10,12)
I Low Violtage Input Currenl Vi=L i uA
(ping S, 7, 10,12)
hai High Vialieoe Input Cument Vi=H= Ve -08Y 30 1n 1)
{pins=.7, 10, 12)
Ven=L |Enable Low Voltags (pins 6, 11) B2 1.5 W
Vor=H |Emable High Vellago (plns 6. 11] 23 Va3 v
lgr =L |Low Yoltage Enable Current Ven =L =10 IS
(prs8, 11)
lsr =H [High Valtage Enable Current Vay =H= Vg -0.6Y <0 100 HA
(pins 6, 11)
Viogas |Souree Saluration Vellage I = 1A pes | 135 | 17 W
I, =2A 2 27 W
Vezsaip [Sink Saturstion Voltage L=1A (5 085 1.2 16 y
=28 {5 1.7 23 L)
Vogew | TotmlDrop L=1A 15} 1.80 32 W
| =28 (5] &9 1
Sansing Vokage (pirs 1, 15) -1 i1 z W

a3
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ELECTRICAL CHARACTERISTICS (continued)

Symbal Paramater Test Conditians Min. | Typ. | Max. | Unif
T: (Wi} |Source Cument Tumn-olf Delay 05Vito 0Bl  [@2)4) 13 s
Ta (W) |Sourcs Currert F2E Time 09l ety [2nE) o2 HE
Ta M} [Source Curent Turn-on Datay a3Vl 0t i (2)44) & 153
T, (V) |Source Current Rise Time 0.1, Dol (2)4) 0.7 it
To (V) |Sink Gurrsnd Ture-uli Delay 0.5Vl (3] 0.7 s
Ta (V) |Sink Current Fall Tira 091, 0.1k (3%(4) n2s ps
To My |Sink Currert Turm-on Delay 05Vt D8I 3L 1.6 15
Ta (Vi) |Sink Curent Rise Tima 01 BOK  (3)(4) 0.2 s
fo (W) |Commutation Fréquency h=2A 5 44 KHz

T4 (%en) |Source Cumart Tum.off Oslay ES5VeemD8L  (2){4) 3 s
T2 (Vi) |Sourcs Cumant Fall Tims 090 01l (2)04) 1 ue
Ta(Ven) |Source Gument Tum-on Delay E5Verto 0k (2048 0.3 ne
TaiVe) |Source Cument Rige Time DAl ta 081 (2)4) 0.4 us
Ts(Men) |Sink CGurrent Turn-cl Detay Co5Ver w00 L  (3)(4) i) s
T {Mes) |Sink Current Fall Time DO et (34 0.35 s
TyiVea) |Sink Gurment Tum-on Delay D5Vento 020 (35040 (.25 us
Ta (V) |Sink Currant Rise Timea DAL Al (30 01 s

1} 1)gersng vollags con b =1 ¥ for | < B0 psee; in sleady sloll Vs min = — 05 V.

2 Sesfg. 2.
T Semfig. 4.

4] Thee loawd rrust bé & pure resistar

Figure 1 ; Typical Saturatian Voltagevs. Output

Figure 2 : Switching Timas Test Circuits.
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Figure 3 : Source Current Dalay Times vs. Input or Enable Switching,

a4
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Figure 4 : Switching Times Test Circulis.

Vgg,ay  Vgadav
L
INPUT "
1y
EMABLE
O 181

e

Nota: mwm selEN=H
ENABLE Switching set IN = L




L2098

Figure 5 : Sink Current Delay Times vs, Input 0 V Enable Switching.
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Figure 7 : For higher currents, cutputs can be paralieled. Take care to parallel channel 1 with channeld

and channel 2 with ehannal 3,
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APPLICATION INFORMATION (Refer to the block diagram)

1.1. POWER QUTPUT STAGE

The L29Bintagratestwo powercutputsiages(4; B).
The power output stage is 8 bridge configuration
and its outputs can drive an inductive load in com-
mon or differenzial mode, dependingon thestateof
the inpute, The current that flows through the load
comes oul from the bridge at the sense outpul : an
extarnal rasistor (Rsa ; Rsa.) allows to detactthe in-
tersity of this surrant,

1.2 INPUT STAGE

Each bridgeis driven by means of four galesthe in-
putof which are In' ; In2; EnAvand In3; Ind ; EnB.
The Ininputs set the bridge state when The Eninput
ishigh;a lowstale ol the Eninputinhibitsthe bridge.
Allthe inpute are TTL compatibia.

2, SUGGESTIONS

A non Inductive capacitor, usually of 100 nF, must
be foreseen batween both Vs and Vee, to ground.
as near as possible 1o GND pin. When the |arge ca-
pacitarof the power supply is toc far fromthe IC, a
second smaller one must be foresesn near the
L2g8.

Tha sense resistor, not of & wire wound type, must
te groundednear the negative pole of Vs that must
be nearthe GND pin of the |.C.

&r

Each Input must be connected to the source of the
driving signale by means of a very short path.

Turn-On and Tum-0Off: Baforato Tum-ONihe Sup-
plyVoltageand beforato Turnit OFF, the Enableln-
put must be driven to the Low state.

3. APPLICATIONS

Fig & shows a bidirectional DC mator control Sche-
matic Diagram forwhich only one bridge is neadsc.
The external bridge of diodes D1 to D4 is made by
four fast recovery elements (tm < 200 nsec) thal
mus: be chosen of a VF as low as possible at the
worst case of the load cument.

The sense sulputvoltage can be used to controlthe
current amplituds by chopping the inputs, or 10 pro-
vide overcument protectian by switching low the en-
able inpLt.

The brake function (Fast mator stop) reguiras that

the Absolute Maximum Rating of 2 Amps must
navar ba overcoma,

Wrien the repetitive peak current needsad from the
load is higher than 2 Amps, a paralieled configurs-
lian can be chosen (See Fig. 7).

An axternal bridge of diodes ere raquired when in-
duclive loads are driven and when Lhe inputs of tha
IC are chopped; Shottkydicdeswould be preferred.

T3




L298

This solution can drive until 3 Amps InDC operation  Fig 10 shows a secondtwo phass bipolar stepper
and until 3.5 Amips of a repetilive peak currend, motor contral clralil where the currantis controlled
OnFig81tls shawnthadriving of a twaphase bioolar by the |.C. LES06.

steppermator ; tha nesded signals to drive the in-

puts of the L2958 are generated, in this example,

from the 1C L2697,

Fig & shows an sxample of P.C.B. dasignedforthe
epplication ufFIg} -

Flgure 8 : TwoFhase Bipolar Steppar Motor Circuit,
This circuit drives bipclarslepper mators with winding currents up to 2 A, The dindes are fast 2 A lypes.
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Figure® : SuggestedPrinted Ciraut Board Layoutfor the Gircuil of fig. 8 (11 scale).
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