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e
Foreword

Dear Learners,

This book is intended to serve as a ready reference for learners of vocational
higher secondary schools. It offers suggested guidelines for the transaction
of the concepts highlighted in the course content. It is expected that the
learners achieve significant learning outcomes at the end of the course as
envisaged in the curriculum if it is followed properly.

In the context of the Right- based approach, quality education has to be
ensured for all learners. The learner community of Vocational Higher
Secondary Education in Kerala should be empowered by providing them
with the best education that strengthens their competences to become
innovative entrepreneurs who contribute to the knowledge society. The
change of course names, modular approach adopted for the organisation
of course content, work-based pedagogy and the outcome focused
assessment approach paved the way for achieving the vision of Vocational
Higher Secondary Education in Kerala. The revised curriculum helps to
equip the learners with multiple skills matching technological
advancements and to produce skilled workforce for meeting the demands
of the emerging industries and service sectors with national and global
orientation. The revised curriculum attempts to enhance knowledge, skills
and attitudes by giving higher priority and space for the learners to make
discussions in small groups, and activities requiring hands-on experience.

The SCERT appreciates the hard work and sincere co-operation of the
contributors of this book that includes subject experts, industrialists and
the teachers of Vocational Higher Secondary Schools. The development
of this reference book has been a joint venture of the State Council of
Educational Research and Training (SCERT) and the Directorate of
Vocational Higher Secondary Education.

The SCERT welcomes constructive criticism and creative suggestions
for the improvement of the book.

With regards,

Dr. P. A. Fathima
Director, SCERT, Kerala
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ABOUT THE COURSE

The growth of knowledge-based society offers great opportunitiesfor the social
and economic hedlth of acountry. Development intheareaof Scienceand Technology
contributesremarkably for thisexponential growth. Among these, Electronicsisa
very fast developing fied, embracing dmost al walks of human endeavors. Rapid
advancementsin Electronicsand Communi cation Technol ogy havedready madea
notableimpactindl fiddsof lifein especidly 21% century.

The devel opment in semiconductor technol ogy madeit possiblefor integration of
circuitsinto chipsand these powerful chipswith different tremendous capabilities
can beusedfor dmost al applicationsintheareas of business, science, engineering,
medical, defense etc. The applicationsof € ectronicsand communication arevery
effectively extended tothefid dsof instrumentation, general communication, medica
electronics, computers, wireless communication, automobile engineering,
entertainments, internet and e- commerce. Further technol ogical advancementsin
these areas have been predicted, to make those kinds of gadgets essential inthe
high-techfuture.

20" century sciencefictionisturninginto 21% century redlity. Thefuturelooksexciting,
as the change is accelerating at rapid pace. Thus a study of electronics and
communi cation technol ogy is certain to opensup alarge number of opportunitiesin
therelatedfields.

The dectronicsand communication technology courseaimsto develop theskills,
attitudes and knowl edge of the studentsto mould them with the capabilitiesto meet
the emerging trendsand needsin thisfield. It aimsto makethe student proficient
theoretically and practically in four different well defined skill areas as Basic
Electronics and Sound engineering, Computer hardware and Networking,
Microcontroller and Roboticsand Mobileservicing. It also provides opportunities
to theaspirantsfor higher studiesin diplomaand/or professiona/vocationa degree
COUrses.

MAJOR SKILLS (WITH SUB SKILLS)
Handlingtools
|dentify and test of different el ectronic components.

Perform basi ¢ cd culations and make accurate measurements using measuring
ingruments

O
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Soldering kills.
Soldering and de soldering.
SMD components mounting.
Bdl GridArray soldering.
Design and Fabricate PCB.
PIC Microcontroller based product design
Programming skills(ALPand C).
Circuit desgnandinterfacing.
Basi ¢ knowledge about robotics.
Assembling and testing of different communication circuit.
Mobileservicing.
Communicationskill, listening skill, skill in handling tool s, reading skill, obser-
vation, behavioura skill.
SYLLABUS

Module III: Microcontroller and Robotics
UNIT- I: Introduction to Microprocessors and Microcontrollers

(25 periods)
Hexadecimal and ASCII, Embedded system — over view, Define an Embedded
system, Different applications, Types of embedded system. Processors vs.
Controller-RISC and CISC —MicrocontrollerFamily, Architecture of uC Specification
of controllers, Criteriafor choosing controllers.

PIC uC Families, generd block diagram. Introductionto PIC architecture, I/O Ports
and specid function registers, Architecture of PIC 16F87x, specid featuresof PIC,
Pinddalls.

UNIT- II- - PIC Controller Programming (85 periods)

Memory organization —-program memory and data memory, addressing modes —
different types-direct andindirect , Instruction set- bitlevel, byteleve, arithmetic,
logic, increment/decrement, data transfer, rotate, branch, clear and other
miscellaneousingtructions, Oscillator types, RESET types, Simple Programming
based on aboveinstructions.

UNIT - Ill -Basic Programming Concepts using Assembly Language &
Embedded C (116 periods)

O
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Introductionto MPLAB X IDE, Creating new projectsin MPLAB, Text Editor,
Writing and saving codes, Adding filesto Projects, Building and check for build
errorsandwarnings. Introduction to Embedded C- Structure of C Program, Data
types, Operators- Arithmetic, Booleanand Logicd, TimeDdays, /O Programming.
Familiarization of smulaiontools- PROTEUS- Smulation of codeusng PROTEUS,
porting of HEX codeto hardware, Simple Programs.

UNIT - IV  Features of PIC and peripheral interfacing (87 periods)

Timer —discuss various timer functions—Timer 0, Timerl, Timer 2, Timer 1 modes —
Compare and capture modes, Timer 2 modes — PWM, Synchronous serial port
modes — serial peripheral interface and inter integrated circuit. Interrupts, Watch
dog timer, power down/sleep mode, USART —Transmit mode —receive mode,
Registersused in USART. Basic hardware connectionswith PIC, Interfacing circuit
using PIC- LED, LCD, Stepper/servomotor DC motor, ADC, LDR and Relay
areuits.

I ntroduction to Robotics— Definition, Types, Uses of Robot, Key Components,
Mechanical elements, sensors and its types, Controller, Storage hardware,
Compuitation hardware and i nterface hardware. Robotsin Industry

Simpleproject.

UNIT -V- Basic Engineering Graphics (27 periods)
Engineering drawing- Uses- Freehandssketching of straight lines, rectangles, squares,
circles, etc.- Geometrical construction of square, rectangle, triangle, circle, dlipse,
etc.- Lettering practice

MODULE - IV: Wireless Communication and Mobile
Technology

UNIT: |- Radio Communication (50 periods)

Introduction — Block diagram of a communication system, Electromagnetic waves,
Electromagneti ¢ frequency spectrum and frequency band Allocation, Propagation
Characteristic — Ground wave, Space Wave(Line of Sight) and Sky waves, their
Applications. Modulation, Need of modulation — Define AM, FM and PM. AM
Transmitter- Receiver, FM Transmitter- Receiver (Block diagram explanation
only).Antenna- Basic concepts-Types.

UNIT : lI- Satellite Communication (25 periods)

Principleof Satellite Communiceation, Satdllite Frequency Bands, Geosynchronous
Satellite- Advantages, Earth Station Transmitter- Block diagram, Transponder,

>
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Earth Station Recever-Block diagram, DTH,GIS.Alternative communication systems
during Disasters — Modes for emergency communication, Amateur radio, satellite
based communication systems, IRS.

UNIT :lll - DATA Communication (85 periods)

Basic Conceptsof Digitd Communication- Types- Smplex, Haf duplex, Full duplex,
PCM,ASK, FSK, PSK (explanation only), Block diagram of digital Communication
System, - Advantages. Transmission Media — Twisted Pair, Coaxial cable, Wave
guides, Optical fiber, Structure of coaxial cable and optical fiber. Introductionto
Fiber Optic Communication, Concept of datatransmission through optical fiber.

UNIT :IV - Mobile Communication (153 periods)

Célular Mobile Communication, Conceptsof Cell and Frequency Reuse, Hand off,
GSM, Mobile Station, Base Station Subsystem, SIM, Network and Switching
Subsystem. Advantagesof GSM, CDMA, Advantages of CDMA, Introduction to
GPRS, 3G Services, Features of 4GBluetooth, Wifi, Wimax (Basic concepts).

UNIT -V- Engineering Graphics (27 periods)

Orthographic views of ssmple objects-. Free hand sectional viewsof Electronics
engineering componentsand devices. Auxiliary views- Pictorid Drawing- isometric
viewsof smpleobjects/toals.
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MODULE 3
MICROCONTROLLER AND ROBOTICS

Overview

Microcontrollershavebeenwith usonly for afew decades but their impact (direct
or indirect) on our livesis profound. Usually these are considered as just data
processors, performing exhaustivenumeric operations, but their presenceisextensve.
We can seeit being used in Cash Registersand Weighing scalesat super markets,
Ovens, Washing Machines, Alarm Clocks, Toys, CD players, Stereo Equipment at
home, Photocopiers, Elevatorsat office, Automation, safety systems, Cars, Traffic
Signasat roads, etc. What insidethem makesthese machinessmart? Theanswer
ismicrocontroller. Creating applicationsfor themicrocontrollersisdifferent than any
other development job in el ectronics and computing. Before selecting aparticul ar
devicefor an gpplication, itisimportant to understand what thedifferent optionsand
featuresare and what they can mean with regard to devel oping the application. The
purpose of thismoduleistointroducethe concept of amicrocontroller, how it differ
from microprocessors, different type of commercial microcontrollersavailableas
well astheir gpplications. Wewill go through different types of microcontrollersand
a so programming and i nterfacing techniques of microcontroller.

Unit 1 : Introduction to Microprocessors and Microcontrollers
About the unit

Microcontroller isasingle chip used to control other device. Thisunit introduces
micro controller anditsdifferent families.

Learning Outcomes
Thelearner;

Understands hexadecima and ASCII number system.
Understands embedded system and its application.

Explainsand compare processor and controller.

Understands RISC and CISC Architecture

Identifiesdifferent typesof microcontrollers.

Choosesright controller for right gpplication.

Understandsgenera architecture of amicrocontroller
Understands and explain salient featuresof PIC16F877A.
Understandsthearchitecture and block diagram of PIC16F877A
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Explainstheregistersand portsof PIC
Understands Pin configuration of PIC 16F877A.
Explainsadvantages and disadvantagesof PIC.

3.1.1 Hexadecimal and ASCII

Hexadecimal system

Thissystemisused to represent binary numbers ;’ed“‘a' B;:;V "(‘J‘*‘"
more conveniently. For eg. binary number, 1 0001 1
10010110 isrepresented as 96h. 2 0010 2
. .. 3 0011 3
Inthissystem, 16 digitsareusedtorepresent 0100 2
numbers. First 10digits, 0to 9 arethesamein 5 0101 5
decimal . To represent remaining six digits, A, _g 33—? g_
Conversion between binary and Hex 9 1001 9
10 1010 A
Torepresent abinary number asitsequivalent 11 1011 3
hexadecimal number, start fromitsrightand 12 1100 C
. : : . 13 1101 D
group 4 bits at atime, replacing each 4 bit ~ —3 1110 E
number withitshex equivalent. 15 1111 F

Ex. Represent binary 100111110101 in hex
1001 1111 0101
= 9 F 5

To convert from hex to binary, each hex digit isreplaced by its4 bit binary equivaent.

Ex. Convert hex 29B to binary
2 9 B
= 0010 1001 1011

Converting between decimal and hex

Convert to binary first and then to hex. For back conversion, convert hex to binary

andthentodecimal. g, cynyer 45, to hex

1 0 1101 32+48+44+1=45
45,, = 0010 1101, = 2D,
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Ex. 6B2,; = 0110 1011 0010,
1024 512 256 128 64 32 16 8 4 2
1

1 1 0 1 0 1 1 0 O
1024+ 512+ 1284+ 32+ 16+ 2= 1714,

Addition and subtraction of hex numbers

Study of thesetechniquesarevery much essentia to understand theissuesrelated to
hardware and software of computers

Addition; Startingfromtheleast significant digits, thedigitsare added together. If
theresultislessthan 16, writethedigit, €l se subtract 16 fromit to get thedigit and
carry 1tothenext digit.

Ex. Perform hex addition: 23D9 + 94BE

23D9 LSD: 9 + 14 =23 23-16 = 7 w/ carry
+ 94BE 1+13+11=25 25-16=9 w/ carry
B897 1+3+4=8
MSD:2+9=8B

Subtraction: if thesecond digitisgreater thanthefirst, borrow 16 from the preceding
digit.

Ex. Perform hex subtraction: 59F — 2B8

99F LSD: 15-8=7

2E7 9=1=-2=2

ASCII
“ ASCIl gstandsforAmerican Sandard Codefor Information I nterchange.

ASCIl isacodefor representing English characters as numbers, with each
|etter assigned anumber from 0to 127.

Most computers useASCII codesto represent text, which makesit possible
totransfer datafrom onecomputer to another.

&>
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The standard ASCII character set usesjust? bitsfor each character.

Thereareseverd larger character sets that us8 bits, which givesthem 128
additiona characters. Theextracharactersare used to represent non-English
characters, graphics symbolsand

mathematica symbols.
Convert to
Eg: - ASCllI code for ‘a’is 65, ‘W’ lfc;g‘immm | Bindry
iIs77
Activity

HEX.A

Discusshexadecima and ASCI number

SYStemS | Dl:l El | BOX U
Embedded System

Anembedded systemisamicrocontroller or microprocessor based syslemwhichis
designed to perform a specific task. For example, afire alarm is an embedded
system; it will senseonly smoke.

An embedded system has three components “
< Ithashardware.
< It hasapplication software.

% IthasRed Time Operating system (RTOS) that definestheway aparticu-
lar systemworks. It setsthe rulesduring the execution of application pro-
gram.

So we can definean embedded system asaMicrocontroller based, softwaredriven,
religble, real-time control system.

Any devicewhichincludesacomputer, butisnot itself agenera purpose computer
iscalled asan embedded system. It has hardware and software. Itisintended to
work without humanintervention.

Ex. Printers, Cell phones, Automobiles — Engines, Brakes, Television, household
appliances, surveillance systems — Camera

An embedded systemis an electronic system,which includes a single chip
microcomputer(Microcontrollers) and is configured to perform aspecific dedicated
application .Softwareis programmed into the on chip ROM of thesingle chip
computer. Thissoftwareisnot accessibleto the user, and software solvesonly a
limited range of problems.Here the microcomputer isembedded or hiddeninside
the system. Every embedded microcomputer system, acceptsinputs, performs

&
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computations, and generates outputs and runsin “real time.”

For Example atypica automobile now a days contains an average of ten
microcontrallers. Infact, modern housesmay contain asmany as 150 microcontrollers
and on average aconsumer now interactswith microcontrollersup to 300 timesa
day. General areasthat employ embedded systemscovers every branch of day to
day scienceandtechnol ogy, namely Communications, automotive, military, medicd,
consumer, machinecontrol etc...

Characteristicsof an Embedded System : Theimportant characteristicsof an
embedded system are

» Speed (bytes/sec) : Should behigh speed

* Power (watts) : Low power dissipation

* Size andweight : Asfar aspossiblesmall insizeand low weight

» Accuracy (Yoerror) : Must bevery accurate

» Adaptability : High adaptability and accessibility.

* Rdiahility: Must beréiableover along period of time.
CATEGORIES OF EMBEDDED SYSTEMS

Embedded systems can be classified into thefollowing 4 categories based on their
functional and performancerequirements.

e Stand-alone embedded systems

*  Red-timeembedded systems

*  Networked embedded systemsand
e MobileEmbedded systems.

Based on the performance of the Microcontroller they area so classified into (i)
Small scded embedded system (i) Medium scded embedded system and (iii) Large
scaled embedded system.

« Sand aloneEmbedded systems : A stand-alone embedded system works
by itsdlf. Itisaself-contained devicewhich do not require any host systemlike
acomputer.. It takeseither digital or analog inputsfromitsinput ports, cali-
brates, converts, and processesthe data, and outputstheresulting datatoits
attached output device, which either displaysdata, or controlsand drivesthe
attached devices. Temperature measurement systems, Video game consoles,
MP3 players, digitd cameras, and microwaveovens aretheexamplesfor this

category.
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+ Real-time embedded systems : An embedded system which gives the
required output in aspecified timeor which strictly followsthetimedeadlines
for completion of atask isknown asaReal time system.

Therearetwo typesof Red time systems.(i) Soft red timesystem and (ii) Hard redl
timesystem.

1. Soft Real-Timesystem:A Real timesystem inwhich ,theviolation of time
constraintswill causeonly the degraded quality, but the system can continue
to operateisknown asa Soft real time system. In soft redl -time systems, the
designfocusisto offer aguaranteed bandwidth to each real-timetask and to
distributethe resourcesto thetasks.

Ex: A Microwave Oven, washing machine, TV remoteetc.

2. HardReal-Timesystem: A Red timesysteminwhich, theviolation of time
constraintswill causecritical failureand loss of life or property damage or
catastropheisknown asaHard Real time system.

Thesesystemsusudly interact directly with phys ca hardwareinstead of through a
human being . The hardware and software of hard real-time systemsmust allow a
worst case execution (WCET) anaysisthat guarantees the execution be compl eted
within astrict deadline. The chip selection and RTOS sel ection becomeimportant
factorsfor hard red-time system design.

Ex: Deadlineinamissile control embedded system, Delayed darm during aGas
leskage, car airbag control system, A delayed responsein pacemakers ,Failurein
RADAR functioningetc.

v Networked embedded systems. The networked embedded systems are
related to anetwork with network interfacesto accessthe resources. The
connected network can bealLocal AreaNetwork (LAN) or a WideArea
Network (WAN), or the Internet. The connection can beeither wired or wire-
less.

The networked embedded system isthefastest growing areain embedded systems
gpplications. Theembedded web server issuch asystem wheredl embedded devices
are connected to aweb server and can be accessed and controlled by any web
browser.

Application Areasof Embedded Systems: The embedded systemshaveahuge
variety of gpplication domainswhich variesfromvery low cost to very high cost and
from daily life consumer el ectronics to industry automation equipments, from
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entertainment devicesto academic equipments, and from medical instrumentsto
aerospace and wegpon control systems. So, theembedded systems span all aspects
of our modernlife. Thefollowing table givesthe variousapplications of embedded

systems.

SI.No. | Embedded System Application

1 HomeAppliances Dishwasher, washing machine, microwave, Top-
set box, security system , HVAC system, DVD,
answering machine, garden sprinkler systems
etc..

2 Office Automation Fax, copy machine, smart phone system, modern,
scanner, printers.

3 Security Face recognition, finger recognition, eye
recognition, building security system, airport
security system, alarm system.

4 Academia Smart board, smart room, OCR, cal cul ator, smart
cord.

5 Instrumentation Signa generator, signal processor, power supplier,
Processinstrumentation,

6 Telecommunication | Router, hub, cellular phone, |Pphone, Web camera

7 Automobile Fuel injection controller, anti-locking brake system,
air-bag system, GPS, cruise control.

8 Entertainment MP3, video game, Mind Storm, smart toy.

9 Aerospace Navigation system, automatic landing system, flight
attitude controller, spaceexplorer, spacerobotics.

10 Industria Assembly line, data coll ection system, monitoring

automation systems on pressure, voltage, current,
temperature, hazard detecting system, industrial
robot.

1 Persona PDA, i-Phone, palmtop, data organizer.

12 Medica CT scanner, ECG, EEG, EMG ,MRI, Glucose
monitor, blood pressure monitor, medical
diagnostic device.

13 Banking & Finance | ATM, smart vendor machine, cash register, Share
market

14 Miscellaneous Elevators, tread mill, smart card, security door etc.

<>
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Microprocessors Vs Microcontrollers

SIC') Micro processor Micro controller

1 | Chiponasystem (Generad System on achip (dedicated chip)
Purpose device)

2 | Only CPU inside it.Don’t have CPU with RAM, ROM and 1/O ports
RAM/ROM or any peripheral

3 | Tasks are unspecific Designed to perform specific tasks

4 | Clock speed very high Less

5 [ Less number of registers More

6 | Sincememory andi/o devices Since all areinternal, processing speed
areplaced externally, relatively quitehigh
lower speed

7 | Cost of the entire system high Cost low

8 | Micro processor instructionsare | Both bit addressable as well as byte
mainly nibble or byte addressable | addressable

9 | Micro processor instructionsare | Instructionsaremainly intended to
mainly intended for catering catering to the control of inputsand
large volumes of data outputs

10 | Design complex and expensive Simple and cost effective

11 | Large number of instructions Less — For ex., PIC has only 35

instructions
Activity

Fill intheblank columnsinthe boxes using thedatagiven below

Nooak~wdNPE

BOX1

BOX 2

Microprocessor

High clock speed
Chiponasystem
Systemonachip

Only CPU

CPU withRAM, ROM, I/O
Specifictasks

Lessclock speed

Microcentroller




B ELECTRONICS AND COMMUNICATION TECHNOLOGY

8. Highcost
9. LessNumber of registers
10. Morenumber of registers

3.1.4 RISC and CISC architecture

Thearchitectural designsof CPU are RISC (Reduced instruction set computing)
and CISC (Complex instruction set computing).

CISC: CISC hasalarge number of instructions. Computers based on the CISC
architecture aredesigned to decreasethememory cost. Because, thelargeprograms
need more storage, thusincreasing the memory cost and large memory becomes
moreexpensve.

RISC: Intheearly 1980s, computer designersrecommended that computers should
usefewer instructionswith simple constructs so that they can be executed much
faster withinthe CPU without having to use memory. Such computersare classified
asRISC.

In this case, the microcontroller recognizes and executes only basic operations
(addition, subtraction, copying etc.). All other more complicated operationsare
performed by combining these (for example, mulltiplicationisperformed by performing
successive addition).

( )

CIsC RISC

Larger set of instructions. Easy to program | Simple and smaller set of Instructions.
Difficult to program.

Simpler design of compiler, considering | Complex design of compiler.

larger set of instructions.

Many addressing modes causing complex | Simple and few addressing modes,

instruction formats. fixed instruction format.

Higher clock cycles per second. Low clock cycle per second.
Emphasisis on hardware. Emphasisis on software.

Control unitimplementslargeinstructionset | Each instruction is to be executed by
using micro-program unit. hardware.

Slower execution, asinstructionsareto be | Faster execution, as each instruction
read from memory and decoded by the | iS to be executed by hardware.
decoder unit.

Pipeliningisnot possible. Pipelining of instructionsis possible,
considering single clock cycle.
Few General Purpose Registers More General Purpose Registers

&>
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Activity
CISC

CISC architecture is represented by the “TABLE’ as ARCHITECTURE -
shown. Represent itslegswith the appropriate terms

'
fromthosegiveninthetable !| [

Types of Micro Controllers
1. 4bitpuC—For lowend applications like LED/LCD display, battery charg-
ersetc. Power consumption low. 4 bit internal databus.

2. 8Dit uC - Most popular. 8 bit data bus
3. 16 bit uC - 16 bit data bus. Performs 16 bit mathematical operations

4. 32 bit uC — For high end applications like automotive control and cell
phones

Microcontroller Families

Presently many microcontroller familiesareavailableand someof them are, 8051,
PIC,AVR andARM.

8051: Manufacturedin 1985. Thisisan 8-bit microcontroller. The width of the
register represents the bit number of microcontroller. 8051 has 250 instructions
which take 1 to 4 machine cyclesto execute. 8051 microcontroller has32 1/0 pins,
timers/counters, interrupts and USART’s.

AVR: 8-bit RISC architecture microcontroller. Availablefrom 1996. Thereare 16-
bit and 32-bit microcontrollersarea so availablein the samefamily. AVR has 140
ingructionswhichared| 1 cyclebasedingructions. AV R family microcontroller has
on-chip boot-loader. By thiswe can program our microcontroller easily without any
externd programmer. AV R controllers have number of 1/0 ports, timers/counters,
interrupts, A/D converters, USART, PWM channd s, on-chip analog comparators

PIC: PIC microcontrollersareavailablein 3 different architectures. Those are 8-
bit, 16-bit and 32-bit microcontrollers. PIC has 35 instructions. It has on-chip

peripheraslike SPI,ADC, 12C, USART, anal og comparator, internal RC oscillator,

in-system programmability, etc.

ARM (Advanced RISC Machine):ARM has the features like |oad-store
architecture, fixed-length ingtruction set and 3-addressinstruction format. It has 32-

bit ARM instruction set and 16-bit Thumb compressed instruction set. Many on-

chip periphera arethere and on-chip debugger, on-chip boot loaders, on-chip RTC,

DACadsoavailable.
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Criteria of Choosing Controllers

To choose microcontroller, following pointsisto be considered.
Speed of processing, ability of handlemultipletasksefficiently and effectively.
How many number of general purposeinput/output portsarerequired

o 00~ WD PR

8.
9.

Minimum and maximum power consumption of microcontroller
Sizeof RAM and ROM
Number of peripheralsto be connected

Communication Ports, PWM ports, UART and USB Portsdependingonre-
quirement

Number of timersand countersrequired for project

Cost

Softwareavailability

10. Availability of help resourcesfrom manufacturer.

11. Onlinesourcecodelibrariesand helpformsshould aso available.
12. Number of tasksto be performed.

TE Questions

1.

S.
6.

What ismeant by microcontroller?

2. What aretheindustria applicationsof Microcontroller?
3.
4. What componentsareusually put together with amicrocontroller intoa

PIC standsfor

snglechip?
List out four embedded productsusing Microcontrollers.
Givethe name of someof themost widely used microcontrollers.

General Architecture of a Microcontroller

1. A CPU,ranging from simple4-bit to complex 64- 5 —
bit processers. -I

2.

3.

and watchdog.
RAM (volatilememory) for datastorage.

Peripherals such @sners, event counters

= | e
e
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4 ROM, EPROM, EEPROM or flash memory for program

5. Programming capabilities.

6. Serial input/output such asserid ports.

7. Aclock generator for resonator, quartz timing crystal or RC circuit.
8. Andog-to-digital convertors.

9. Serid ports.

10. Databusto carry information.

PIC Microcontroller Family

Comparison of 8-bit PIC families

Instruction Stack size  Number of
Family Example devices word size (words) instructions Interrupt vectors

Baseline 10F200, 12FS508, 12 bn 2 33 None

16F57

Mid range 12F609, 16F84A, 14 bt 8 35 1
16F631, 16F873A

High 18F242, 18F2420 16 bit 32 75, including 2 (prioniised)

Performance hardware muluply

Overview and Salient Features of PIC Microcontroller

ThePIC 16F8XX Microcontrollersarebasicaly RISC microcontrollerswith very
small instruction set of only 35 instructions and atwo-stage pipeline concept fetch
and execution of instructions. Asaresult, all instructionsexecuteinasinglecycle
except for program branches. . Therearefour devicesin 16F8xx family, PIC16F873,
PIC16F874, PIC16F876 and PIC16F877.The PIC16F876/873 devicescomein
28-pin packages and the PIC16F877/874 devices comein 40-pin packages.

PIC 16F877isa40-pin8-Bit CMOSFLASH Microcontroller. Thecorearchitecture
ishigh-performance RISC CPU. Sinceit followsthe RISC architecture, dl single
cycleingtructionstake only oneinstruction cycleexcept for program brancheswhich
take two cycles. 16F877 comes with 3 operating speedswith 4, 8, or 20 MHz
clock input. Since each instruction cycletakesfour operating clock cycles, each
instruction takes 0.2 iswhen 20MHz oscillator isused. It hastwo types of internal
memories.Oneisprogram memory and the other isdatamemory. Program memory
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isprovided by 8K words (or 8K* 14 bits) of FLASH Memory, and data memory
has two sources. Onetype of datamemory isa368-byte RAM (random access
memory) and the other is256-byte EEPROM (Electrically erasable programmable
ROM).The corefeaturesincludeinterrupt upto 14 sources, power saving SLEEP
mode, a single5V supply and In-Circuit Serial Programming ?(ICSP) capability.
Thesink/source current, whichindicatesadriving power from1/O port, ishighwith
25mA. Power consumptionislessthan 2 mA in 5V operating condition.

SinceROM ismadewith FLASH technol ogy, its contents can beeasily changed by
providingaspecia programming voltage (13V).

SALIENT FEATURES

* Speed:

When operated at itsmaximum clock ratea Pl C executesmost of itsingtructionsin
0.2 msor fiveinstructions per microsecond.

e Instruction set Simplicity :

Theingruction setisso simplethat it consistsof only just 35instructions

* Integration of operational features:

Power-on-reset (POR) and brown-out protection ensure that the chip operates
only when the supply voltageiswithin specifications. A watch dog timer resetsthe
PICif thechip mafunctionsor deviatesfromitsnormal operation at any time.

*  Programmabletimer options:

Threetimerscan characterizeinputs, control outputsand provideinterna timingfor
the program execution.

e Interrupt control:

Up to 12 independent interrupt sources can control when the CPU ded with each
SOUrces.

»  Powerful output pin control:

A singleingtruction can select and driveasingleoutput pinhigh or low inits0.2ms
instruction executiontime. ThePIC candriveaload of up to 25mA.

e |/Oport expansion:

Withthehelp of builtin serial peripheral interfacethe number of 1/0 portscan be
expanded.

* High performance RISC CPU

&
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Operating speed: DC —20 MHz clock input DC — 200 ns instruction cycle
Eight level deep hardware stack

Direct, indirect and rel ative addressing modes

Power-up Timer (PWRT) and Oscillator Start-up Timer (OST)
ThreeTimersTimerO, Timer 1and Timer 2.

Watchdog Timer (WDT) withitsown on-chip RC oscillator for reliable opera
tion

Programmabl e code-protection
Power saving SLEEP mode
10-bit multi-channel Analog-to-Digital converter
Sdlectableoscillator options

OneUSART /SCI port with 9-bit address detection.
Low-power, high-speed CM OS EPROM/ROM technol ogy
Fully staticdesign

Wide operating voltagerange: 2.5V to 6.0V

Commercid, Industria and Extended tem-
perature ranges

Low-power consumption: <2mA @5V,
4MHz, 15 mA typical @ 3V, 32 kHz, <1
mA typica standby current

PWM output steering control
Master Synchronousseria port which supports SP! and 1°C mode
A/D converter with 14 channelsand 10 bit resolution.

PIC Architecture

ThePIC16FXX isafamily of low-cost, high-performance, CMOS, fully-static, 8-
bit microcontrollers.

All PIC microcontrollersemploy an advanced RISC architecture. The PIC16FX X
microcontroller family hasenhanced corefestures, eight-level degp stack, and multiple
internal and externd interrupt sources. Thetwo-stageingtruction pipdinealowsal
instructionsto executein asingle cycle, except for program branches, Jump and
branch (which requiretwo cycles). Atotal of 35 instructions(reduced instruction

&



B ELECTRONICS AND COMMUNICATION TECHNOLOGY

set) areavailable. Also, alargeregister set helpsto achieveavery high performance.

ThePIC 16FXX usesHarvard architecture, inwhich, program and dataare accessed

from separate memories using separate buses. Thisimproves bandwidth over
traditiona VVon Neumann architecturewhere program and datamay befetched from
the samememory using the samebus. Separating program and data buses further
allowsinstructionsto be sized differently than 8-bit wide datawords. Instruction
opcodesare 14-bitswidemaking it possibleto haveall singlewordinstructions. A
14-bit wide program memory access busfetchesa 14-bit instructioninasingle
cycle A two-gagepipdineoverlgpsfetch and execution of ingtructions. Consequently,
all instructions executein asingle cycle (200 ns@ 20MHz) except for program
branches.

Block Diagram of PIC 16F877

RAM

. Program
ALU 128 128 128 128 EEPROM
Bytes || Bytes | Bytes| Bytes 8192
. Words
W Register - : P
0 1 2 3
Timing & Bk
Control r

: Data ]
In/ Out Ports & EEPROM
Other Peripherals 256 Bytes

PIC16F877 Internal Block Diagram

Harvard Architecture and Von — Neumann Architectures
Kind of Architectures

‘ L = r»ﬁ_ﬂ _

Von Neumann Harvard

Activity

Discussthemeritsof Harvard Architecture compared with Von — Neumann
Architecture

General Purpose Register: A register or amemory cell isan electronic circuit
which can memorizethe state of onebyte. Genera -Purposeregistersare used for

storing temporary dataand results created during operation
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Special Function Register: In addition to registerswhich do not have any specia
and predetermined function, every microcontroller hasanumber of registers (SFR)
whosefunction ispredetermined by the manufacturer during manufacturing process
and cannot be changed. Sincether bitsare physicaly connected to particular circuits
onthechip (A/D converter, serial communication module, etc.), any change of their
contentsdirectly affectsthe operation of the microcontroller or someof itscircuits.

INPUT /OUTPUT PORT S: In order to make the microcontroller useful, it hasto
be connected to peripheras. Each microcontroller hasoneor moreregisters(called
ports) connected to themicrocontroller pins. Someof the portsneed to be configured
so that there are three outputs (connected to LEDS) and fiveinputs (connected to
sensors). Itissmply performed by software, which meansthat apinfunction canbe
changed during operation.

STACK

A part of RAM used as stack consists of eight 13-bit registers. Before the
microcontroller startsto execute asubroutine (GOSUB instruction) or when an
interrupt occurs, theaddress of theinstruction to be executed next is pushed onto
thestack, i.e. oneof itsregisters. Asaresult, themicrocontroller knowsfromwhere
to continueregular program execution when asubroutineor aninterrupt executionis
complete. The addressis cleared after the return to the program and one stack
locationisthusautomaticaly availablefor further use.

Pin Configuration of PIC 16F877A

VDD and V SSarethe pinsfor providing power. For PIC 16F877A,VDD =5V
andVSS=GND (0V).Pin13 & 14, OSC1 and OSC2 arefor connecting oscill ator
which will providethe necessary clock for the operation of microcontroller. The

RESET =1\ [0p< rB7PGD
/AND -—w[] 2 39 [] =—= RB6/PGC
RAT/ANT =—»[]3 38 [T <—» RB5
RA2/AN2/VREF-/CVREF =—- [ 4 37 [1=+—» RB4
PORTA ™ razananvrers =[5 36 1< revpen PORTE
RAATOCKNCIOUT =—= [ 6 35 [] =—» RB2
RA5/AN4/SSIC20UT =—»[17 34 [J =—= RB1
REQ/RD/ANS =—»[18 X |33[]=—= RBOINT
RE1/WR/ANG =—=[19 | K  32[] =— VDD
RE2CS/AN7 <—= 110  f 31|]< Vs POWER
Voo—=T111 £ [30[J=—= RDIPSPT
POWER Ve iy & [mbes mersmoorTh
O ” OSC1/CLKl —[7 13 0. 28 [] =—» RDS/PSPS
scillator  oscaciko - 14 271+ RD4/PSPA
' RCO/T10SO/TICKI =—»[1 15 26 [1 «—= RCT/RX/D:
RC1/T10SICCP2 =—[116 25 [1 «—» RCBITX/CK
PORTC RC2/CCP1 =[] 17 24 [1+—» RC5/SDO PORTC
RC3ISCK/SCL =—»[1 18 23 [] =+ RCA/SDUSDA
' -——=[]19 22 | == RDIPSP3
RD1/PSP1 =— [ 20 21 [ =—= RD2/PSP2
PORTD
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1# pin MCLRisthereset pinof PIC Microcontroller, itisan activelow input. It
should be connected to HIGH (VDD) for normal operations. 1O (Input Output)
pinsinaPIC Microcontroller isdivided into different ports, PORTA, PORTB,
PORTC, PORTD and PORTE. Each PORT isassociated withtworegisters, TRIS
and PORT which arenamed asTRISA, PORTA, TRISB, PORTB etc.

Advantages and disadvantages of PIC Microcontroller
Advantages

*  Theyarereliableand mafunctioning of PIC percentageisvery less. And per-
formance of the PIC isvery fast because of using RISC architecture.

*  Power conceptionisaso very lesswhen compared to other micro controllers.

*  Wecan connect anal og devicesdirectly without any extracircuitry and use
them.

e Programmingisalso very easy when compared to other microcontrollers.
Disadvantages

*  Thelength of theprogramwill bebigbecause of using RISC (35instructions).
e Program memory isnot accessibleand only one sngle accumul ator ispresent.
Activity

How many ports are therein a PIC 16F877A Microcontroller? Write down
your observationsin the given table

Nameof Port No. of Pins
PORT A

Detailing of Practicals

1. Familiarization of PIC microcontroller

2. Familiarization of PIC microcontroller kit

Assessment activities

1. Labwork onfamiliarization of PIC Microcontroller and PIC microcontroller
Kit
Classtest onASCII and Hexadecimals.
Assgnment on pinconfiguration of PIC.

4. Assgnment ondifferent microcontroller familiesand their applications.

&
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5. Chart onpinconfiguration of PIC.
TE Questions
What ismeant by microcontroller?
List out features of PIC16F877A
What do you mean by 1/O ports? What areitsfunctions?
What do you mean by the term “registers” in microcontroller?

1
2
3
4
5.  What aretheindustria applicationsof Microcontroller?
6. Listthedifferencesbetween RISC and CISC computers?
7. HowisSFRdifferent from Genera Purpose Register?

8.  Wha isanaccumulator?

9. Explaintheworking of ahandshake output port?

10. What doestheterm Embedded system mean ?
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Unit II: Programming using PIC
Introduction

AMicrocontroller is an inexpensive single-chip computer. The microcontroller’s
most important featureisits capabilitiesof STORING and RUNNING aprogram.
To make use of microcontroller, we haveto program it. To program PIC, you
should know itsinstruction set which consistsof 35ingtructions. ThePIC instruction
set referstothe set of instructionsthat PIC microcontroller supports. Inthissection,
weexaminethememory organi zation and theinstruction setin detail.

Learning outcomes
Thelearner;
Understands Program Memory (ROM) and DataMemory, Flash ROM
Familiarizeswithregister filestructure.
Understandsdifferent CPU registers.
Familiarizeswith direct and indirect addressing modes.
Familiarizeswith the PIC ingtruction set.
3.2.1 Memory Organization
The memory module of the PIC controller has mainly two memory blocks.
a) Programmemory
b) Daamemory
c) DataEEPROM
Program Memory:

Program memory contai nsthe programsthat are written by the user. The program
counter (PC) executesthese stored commands one by one. Usually PIC16F877
deviceshave a 13 bit wide program counter that is capable of addressing 8K x14
bit program memory space. Thismemory isprimarily used for storing the programs
that are written (burned) to be used by the PIC. These devicesalso have 8K* 14
bits of flash memory that can bedectricaly erasable/reprogrammed. Each timewe
writeanew program to the controller, we must del etethe old one at that time

Two addressesin the program memory address space aretreated in aspecia way
by the CPU. The first address H* 000" being a go to mainline instruction the second
special address, H’ 004’ being a “‘go to in service’ instruction can be assigned to this
addressto makethe CPU to jump to the beginning of the Interrupt Service Routine

located € sawhereinthe memory space.
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000
001 1

Go to main line

002
003

004
005 Go to Inverse

Tables

Main line Programs and

its Subroutines
uuuuuuuu

nlerrupt Ve cton 0oD4n
ooosn Aain Line §
Page 0

o Interrupt Service Routine
‘ Page 2 and its Subroutines

Program Memory

When we deal with tables, they are assigned to addresses in the range H’005 —
H’OFF’ because for most of the applications this space is sufficient. Themain
line program beginsafter thetables.

DATA MEMORY

Thedatamemory of PIC 16F8X X ispartitioned into multiple bankswhich contain
the general purposeregistersand the Specia function Registers.(SFRS). Thebits
RP1 and RPO bits of the status register are used to sdl ect these banks. Each bank
extends upto7FH (128 Bytes).The lower bytes of the each bank arereserved for
the Specia Function Registers. Above the SFRs are genera purpose registers
implemented asstatic RAM.

Whileprogram isbeing executed, it isworking with the
particular bank. Thedefault bank is BANKO. To accessa

register that islocated in another bank, one should access R | Gy |
itinsidetheprogram. Therearespecia registerswhich can
be accessed from any bank, such as STATUS register.

Data EEPROM : A memory that alows storing the
variablesasaresult of burning thewritten program.

PROGRAM
MEMORY 8K

Eachtypeof memory hasadifferent role. Program Memory eeprOM
and DataM emory two memoriesthat areneeded to build MEMORY
aprogram, and Data EEPROM isused to save data after
themicrocontroller isturn off.

Program Memory and DataEEPROM they are non-volatilememories, which store
theinformation even after the power isturn off. Thesesmemoriescaled FLASH or
EEPROM. Incontrast, DataMemory does not savetheinformation becauseit
needs power in order to maintaintheinformation stored inthe chip.
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Sack: whenaninterrupt occur PIC hastofirst executetheinterrupt and theexisting
process addresswhichisbeing executed isstored in the stack. After completing the
interrupt execution, PIC will call the processwith the help of addresswhichisstored
in stack and get executing the process.

Bus: Busismainly used for transferring and receiving the datafrom one peripheral
to another. Therearetwo typesof buses.

» DataBus: Itisusedtotransfer/receiveonly thedata
e AddressBus isusedto transmit the memory addressfrom periphera sto CPU.

I/O pins are used for interfacing the
externd peripheras, UART and USART

isserid communication protocol which
isused for interfacing serid deviceslike |

GPS, GSM, IR, Bluetooth etc.
Activity
Completethe chart fromthehintsgiven

REGISTER FILE STRUCTURE

In PIC Microcontrollersthe Register File consistsof two partsnamely
a) Generd PurposeRegister File
b) Specid PurposeRegister File
a) Generd PurposeRegister File:

The general purpose register file is another name for the microcontroller’s RAM .
Data can be written to each 8-bit |ocation updated and retrieved any number of
times.

b) Specid PurposeRegister File:

The specia function register fileconsistsof input, output portsand control registers
used to configure each 8-bit port either asinput or output. It containsregistersthat
providethe datainput and dataoutput to achip resourceslike Timers, Seria Ports
andAndogtoDigital converter and a so theregistersthat containscontrol bitsfor
sl ecting themode of operation and al so enabling or disabling its operation.

CPU REGISTERS
The CPU registers are used in the execution of the instruction of the PIC
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microcontroller. Some of the PIC16F877 Microcontroller registersare as of the
following.

Working Register-W (Similar toAccumul ator)

StatusRegister

FSR —File Select Register (Indirect Data memory address pointer)
INDF

Program Counter

o > w D PP

Working Register

Working Register isused by many instructionsasthe source of an operand. It aso
servesasthe destination for theresult of instruction execution and it issimilar to
accumulator in other mcsand mps.

2. Satus Register

Thisisan8-hit register which denotesthestatusof AL U after any arithmetic operation
and a'so RESET statusand thebank select bitsfor thedatamemory. Thisregisteris
accessiblefromal 4 banks

RWO RWO RWO R R1  RWx RWx RW-x
| R [ Rt | RO | T | PP | z | bc | ¢ |
bit 7 bit 0

Bit 0— Carry. Thisbit isreadable and writable. On execution of an instruction
which haseffect onthishit, thisbit automatically becomes Read Only.

0—No carry from MSM of the result occurred
1—Acarry out from the MSB of the result occurred.
Bit 1 — Digit Carry:
0—No carry out from 4™ |ower order of the byte occurred
1 - Acarry out from the 4" |ower order of the byte occurred.
Bit 2 — Zero:
0 - Theresult of an arithmetic or logic operation was not zero
1 - Theresult of an arithmetic or logic operation was zero
Bit 3 - PD: Power Down

ThishitisRead Only and after areset it will get thevalue 1. The Power Down bit
watches if the ‘SLEEP” instruction was executed. The values it can get are:
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0: The “SLEEP’ instruction was executed
1. Power Up or the ‘CLRWDT instruction was executed
Bit 4 - -TO: Time Out

ThishitisRead Only and after areset it will get thevalue 1. The Power Down bit
watchesif aWatchdog timer timeout occurred. Thevaluesit canget are:

0: AWatchdog timer timeout occured

1: Power Up, ‘SLEEP’ or ‘*CLRWDT’ instruction was executed
Bit 6,5-RP1, RP0O: Register Bank Selection

00: Bank Oisselected

01: Bank lisselected

10: Bank 2isselected

11: Bank 3isselected
Bit 7 - IRP: Register Bank Selection used with indirect addressing

0: Indirect addressing current bank selectedisBank 0 and Bank 1

1. Indirect addressing current bank selectedisBank 2 and Bank 3
Example: 0011 1000

0011 1000
0111 0000

Here DC=1asaresult of the carry from the bit 3 to the bit 4 position.
TheZ or zero bitsisaffected by the execution of arithmetic or logicinstructions.
OPTION_REG Register

The OPTION_REG Register isareadable and writableregister, which contains
various control bits to configurethe TMRO prescaler/WDT postscaler (single
assignableregister known aso asthe prescaler), theexternal INT interrupt, TMRO
and theweak pull-upson PORTB.

OPTION_REG REGISTER (ADDRESS 81h, 181h)

RW-1  RW-1  RW-1  RW-1 RW-1  RW-1 RW-1  RW-1
| RBPU | INTEDG | Tocs | TosE | psa | ps2 | ps1 | pso |
bit 7 bit 0

&>
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3.FSR — (File Select Register):

It isthepointer used for indirect addressing. Intheindirect addressing modethe 8-
bit register fileaddressisfirst writteninto FSR. It isaspecid purposeregister that
serves asan address pointer to any addressthroughout theentireregister file.
4.INDF — (Indirect File):

Itisnot aphysica register addressing but thisINDF will causeindirect addressing.
Anyinstructionusing the INDF registersactualy accesstheregister pointed by the
FSR.

5 .PROGRAM COUNTER

PIC16F877A hasal3 bit program counter inwhich PCL isthelower 8-bitsof the
PC and PCLATH isthewritebuffer for theupper 5 bitsof the PC.

PCLATH (program counter Latch) can beread from or writtento without affecting
the Program Counter(PC).The upper 3 bitsof PCLATH remain zero. It isonly
when PCL iswritten to that PCLATH isautomatically written into the PC at the
sametime.

PORT Registers

Role of PORT register isto receivetheinformation from an external source(e.g
sensor) or to send information to the external elements (LCD). 40 PIN PIC
controllers, like PIC 16F877 have51/0 portslocated inthe Bank O

PORT A:

Port Aisa6-bit widebi-directiond port. Itsdatadirection register isTRISA. Setting
TRISA bitto 1 will makethecorresponding PORT A Pinaninput. ClearingaTRISA
bit will makethe corresponding pin asan output.

PORT B:

Port B isan 8-hit wide, bi-directional port. Itsdatadirection register isTRISB.
Four of the PORT B pinsRB, - RB, haveaninterrupt-on- changefeature. Only the
pins configured asinputs can causethisinterrupt to occur.

PORT C:

Port Cisan 8-bit wide, bidirectional port. Bitsof the TRISC Register determinethe
function of itspins. Similar to other ports, alogic one 1inthe TRISC Register
configurestheappropriate port pin asaninput.

&
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PORT D:

Port D isan 8-bit widebi-directional port. ItsdatadirectionregisterisTRISD. In
additionto I/O port, Port D alsoworksas 8-bit paralel daveport or microprocessor
port. When control bit PSPMODE (TRISE:4) isset.

Thesepinshave Schmitt Trigger input buffers.
PORT E:

Itisa3-bit bi-directiona port. PORTE hasthree pins (REO/RD/AN5, RELV/WR/
ANG6 and RE2/CS/AN7) which areindividualy configurable asinputs or outputs

Activity
Intheabovefigure, PAm represents CPU and fingersrepresents
CPU Registers. Nameeach finger with appropriate register.
Addressing Modes
Thereare mainly two types of addressing modesin PIC-
* DirectAddressng
* IndirectAddressing

Direct Addressing: Using thismethod we are accessing theregistersdirectly by
detecting location inside DataM emory from Opcode and by sel ecting the bank
using bits RP1 and RPO of the STATUSregister. Inorder to addressaregister in
PIC, you’ll need 9 bits. In direct addressing these 9 bits divided into 2 parts. Lower
7 bitsare the f field in the instruction and upper 2 bits are Bank select bits RPO,RP1 —
locatedin STATUS register

Indirect Addressing: indirect

ressin it
add gdsous§s9p S but EXAMPLE INDIRECT ADDRESSING
they ae groupw n dlfferent MOVLW 0x20 ;initialize pointer
way.8 Lower bits of address MOVWF FSR ;to RAM
NEXT CLRF INDF ;clear INDF register

should be placed INCF FSR,F ;inc pointer
into Specia Function Register i g ;all ?Ol‘-e?

. . GO XT ;no clear next
called FSR (duplicatedinal |conrinue
Banks). 9’s bit is in IRP, : i¥es contlone

locatedin STATUS.

Addressing INDF register will causeindirect addressing. Any instruction usingthe
INDF register actually accessestheregister pointed to by the FSR

&>
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To theleft you can seethe direct addressing method, wherethe bank selectionis
made by RP bits and the referencing is made directly from memory Opcode by
usingthevariablename,

Totheright you can seetheindirect addressing method, wherethebank selectionis
made by IRP bit and accessing the variable by pointer FSR.

INSTRUCTION SET

Aningtruction set istheentire set of commandsthat amicrocontroller/processor can

execute. Any task to beaccomplished with the deviceisto be split upand writtenin
termsof thedefined instruction set.

Whilewritingtheingructionsthefollowing guideinesarefol lowed.

a) Writetheinstructionsmnemonicsinlower case (example: xorwf)

b) Write specia Register names, RAM variable namesand bit namesin upper
case (example: STATUS, RPO....)

c) Wiriteinstructionand subroutinelabelsin mixed case(example: Mainline, Loop
Time.)

Theinstruction set of PIC isdivided intothreebasic categories. They are

(8 Byteoriented Ingtructions
(b) Bitoriented Ingtructions
(¢) Literd and Control Ingtructions

Byte Oriented Instructions

Inbyteoriented Instructions, f representsafileregister and d representsdestination
register. Thedestination specifieswheretheresult of operationisto beplaced. If d=
0, theresultisplacedin W register (Accumulator) andif d =1, theresultisplaced
inthefileregister specified intheinstruction.
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ADDWEf,d : Add Wand f
CLRF f . Clearf
MOVWEFf d . Movef

NOP : Nooperation
SUBWEF f d . Subtract W fromf

Bit Oriented Instructions

Inbit orientedingtructions, b representsabit field designator which sdectsthe number
of thebit affected by the operation and f representsthe number of thefileinwhich
thebitislocated.

BCFf,b : Bitclear f
BSF f,b :  Bitsatf
BTFSC f,b . Bittestf skipif set

Literal and Control Instructions

Inliteral and control instructions K representsan 8 or 11 bit constant or literal
vaue

ADDLW k : Addliteral and W
ANDLW k : AND literd withW
CALLk : Cdl subroutine

MOV LW k . Move literd toW
SUBLW k : Subtract W fromliterd

Based onthetype of operation PIC supportsvariousinsgtructions. They areexplained
below.

CLASSIFICATION OF INSTRUCTIONS

All theinstructionsof the PIC microcontroller are classfied into nearly 9 groups.
They aregiven be ow with examples.

(). ArithmeticOperations

ADDLW k :Addliterd valuektoW
ADDWEF f,d : Thecontentsof the W register are added with theregister f.
SUBWFf,d : Thecontentsof W register are subtracted from register f
(i) Logical Instructions

ANDLW k : Thecontentsof W register areANDED with the 8-bit

litweral k . Theresultisstored inthe W register.

>
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IORLW k . InclusveORtheliterd vaueintoW register
XORWEF f,d . Thecontentsof W register are XORed with register f
andtheresultisstoredinW or f.
COMFf, d . Complementf.
(iii) I'ncrement/Decrement Instructions
INCF f,d : Increment contents of f register by 1
DECFf,d : Decrement fby 1

(iv) DataTransfer instructions

MOVF f,d : Move fto W i.e The contents of register f is moved
to a destination depending on d
MOVLW k : Move literal k to W

MOVWE f : Move W to f
(v) Clear Ingtructions

CLRF f : Clear file f
CLRW : Clear the contents of W register and zero bit is set
CLRWDT : Clear Watch dog timer
BCF f : Clear bit b of register f.
(vi) Rotatelnstructions
RLF f,d . RotateLéeft f through carry
RRFf,d . RotateRight f through carry

(vii) Branch Instructions

There are two types of Branch instructions.(i)Conditional Branch and (ii) Un
conditiona Branchingructions

(i) Conditional Branch Instructions
BTFSC f,b . BitTestipif clear
BTFSSf, b :  Bittestf, skipif set

If bit B inregister f iszero ,then the next instruction is executed, otherwise next
ingtructionisdiscarded and aNOPisexecuted.




DECFSZfd
INCFSZ f,d

B ELECTRONICS AND COMMUNICATION TECHNOLOGY

Decrement f ,skipif zero.
Increment f ,skipif zero

(ii) Unconditional Instructions

CALLk
GOTOKk
RETURN
RETLWk

(viii Misodllaneous
BSF b

SLEEP

Single-bit manipulation

bcf PORTB,0
bsf STATUS, C
Clear/move

Clrw

clrf TEMP1
moviw 5

moviw 10

movwf TEMP1
movwf TEMP1
movf TEMP1W
swapf TEMPL, F
swapf TEMP1, W

Cadll thesubroutine k unconditionaly
Unconditiona k branch

Returnfrom subroutine
Returnwithliterd inW register.

Set bit b of register f
Gointo standby

Operation

: Clear bit 0 of PORTB;
. Set the carry bit

. Clear theworking register, W;
. Clear temporary variable
Load 5into W
Load D ‘10’ or H 10’ into W
. depending upon default representation
Move W into TEMP1
Incorrect syntax
Move TEMPL into W
. Swap 4-bit nibblesof TEMP1

Move TEMP1to W, swapping nibblesand leave
TEMP1 unchanged

I ncrement/decr ement/complement

incf TEMPL, F
incf TEMP1, W
decf TEMPL, F

comf TEMPL, F

Increment TEMP1

: W<-TEMPL1 + 1; TEMP1 unchanged
Decrement TEMP1

: Change Osto 1sand 1sto Os

&
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Multiple-bit manipulation

andlw B'00000111 . Force upper 5 bits of W to zero;
andwf TEMPL, F : TEMPI1< - TEMP1 and W
andwf TEMP1, W : W< -TEMP1AND W

iorlw B'00000111' . Forcelower 3 bits of W to one
iorwf TEMPL, F . TEMPI1< - TEMP1 or W

Xorlw B'00000111" : Complement lower 3 bits of W
xorwf TEMP1, W : W< -TEMP1 XORW
Addition/Subtraction

addlw 5 : Add5toW

addwf TEMPL, F . TEMPI1< - TEMP1 + W

sublw 5 : W<-5-W (not W<-W -5I)
subwf TEMPL, F : TEMP1< - TEMP1 - W
Rotate

rlf TEMPL, F . Nine-bit | eft rotate through C

rrf TEMP1, W : (C<-TEMPL, 7; TEMPL, 1+1 < - TEMP], |

: TEMPL, |; TEMPL, 0< - C);
Leave TEMP1 unchanged
: copy to W and rotate W right through C
Conditional branch

btfsc TEMPL,0 . Skipthenextinstructionif bit O of;
TEMPL equals zero

btfss STATUS, C : SkipifC=1

decfsz TEMPL, F . Decrement TEMP1; skip if zero

incfsz TEMP1, W : Leave TEMP1 unchanged; skip if;

: TEMP1 =H’FF’; W< -TEMP1 + 1
Goto/call/return/return from interrupt

goto'label’ . Next instruction to be executed is labeled “label”
call Taskl . Pushed return address; next instruction
to be executed is labeled “Task1”
return . Pop return address off of stack
retlw 5 . Pop return address; W ——5
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retfie Pop return address; reenable interrupts
Clrwdt If watchdog timer isenabled, this; instruction
will resetit (beforeit,;resetsthe CPU)
seep Stop clock; reduce power; wait,;for watchdog
timer or externa signal;to begin program
executionagain;
nop Do nothing; wait oneclock cycles
ADDWF Add W and f BSF Bit Set f
Syntax: [ label] ADDWF fd Syntax: [label] BSF fb
Operands: 0sf<127 Operands: 0Dsf<127
de [0.1] 0<sb<7
Operation: (W) + (f) — (destination) Operation: 1= (f<b>)
Status Affected: C,DC,Z Status Affected: MNone
Description: Add the contents of the W register Description: Bit ‘b’ in register f' is set.
with register 'f. If 'd"is "0, the
result is stored in the W register. If
‘d'is "1, the result is stored back
in register ‘.
ANDLW AND Literal with W BTFSS Bit Test f, Skip if Set
Syntax: [label] ANDLW Kk Syntax: [label ] BTFSS fb
Operands: 0<ks<255 Operands: 0<f<127
Operation: (W) .AND. (k) — (W) 0<b<7
Status Affected:  Z Operation: skip if (f<b>) = 1
Description: The contents of W register are Status Affected:  None
AND'ed with the eight-bit literal Description: If bit ‘b’ in register ' is ‘0", the next
k'. The result is placed in the W instruction is executed.
register. If bit ‘b’ is “1°, then the next instruc-
tion is discarded and a NOP is
executed instead, making this a
2 Tcy instruction.
ANDWF AND W with f BTFSC Bit Test, Skip if Clear
Syntax: [label] ANDWF fd Syntax: [label] BTFSC fb
Operands: 0<f<127 Operands: 0<f<127
de [0.1] 0<b<7
Operation: (W) .AND. (f) - (destination) Operation: skip if (f<b>) =0
Status Affected: Z Status Affected: None
Description: AND the W register with register Description: Ifbit b in register f is ‘1', the next

f.If'd"is ‘0", the result is stored in
the W register. If 'd"is ‘1", the
result is stored back in register 'f

instruction is executed.

If bit ‘b’ in register 'f'is ‘0', the next
instruction is discarded and a NOP
is executed instead, making this a

2 Tey instruction.
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CALL Call Subroutine CLRWDT Clear Watchdog Timer
Syntax: [label] CALL k Syntax: [/abel] CLRWDT
Operands: 0<k<2047 Operands: None
Operation: {(PC}+ 1 TOS, Operation: 00h — WDT
k — PC=<10:0=, 0 — WOT prescaler,
(PCLATH<4:3=) = PC<12:11> 170
Status Affected:  None 1= FD
Description: Call Subroutine. First, return Status Affected:  TO, PD
address (PC+1) is pushed onto Description: CLRWDT instruction resets the
the stack. The eleven-bit Watchdog Timer. It also resets the
immediate address is loaded into prescaler of the WDT. Status bits,
PC bits <10:0=. The upper bits of TO and PD, are set.
the PC are loaded from PCLATH.
CALL is a two-cycle instruction.
CLRF Clear f COMF Complement f
Syntax: [label] CLRF f Syntax: [label] COMF fd
Operands: 0<f<127 Operands: 0<sf<127
Operation: 00h — (f) cie [0.1]
12 Operation: (f) — (destination)
Status Affected: Z Status Affected: Z
Description: The contents of register 'f are Description: The contents of register 'f’ are
cleared and the Z bit is set. complemented. If 'd’ is "0, the
result is stored in W. If 'd'is ‘1",
the result is stored back in
register ‘.
DECFSZ Decrement f, Skip if 0 INCFSZ Increment f, Skip if 0
Syntax: [label] DECFSZ fd Syntax: [label] INCFSZ fd
Operands: 0=f<127 Operands: 0<f<127
de [0,1] de [0,1]
Operation: (f) - 1 — (destination); Operation: (f) + 1 — (destination),
skip if result =0 skip if result=0
Status Affected: None Status Affected: None
Description: The contents of register ' are Description: The contents of register f' are
decremented. If 'd'is '0', the result incremented. If 'd"is ‘0', the result
is placed in the W register. If 'd" is is placed in the W register. If 'd’ is
‘1, the result is placed back in ‘1", the result is placed back in
register ‘f. register .
If the result is ‘1°, the next instruc- If the result is ‘1°, the next instruc-
tion is executed. If the result is ‘0, tion is executed. If the result is '0’,
then a NOP is executed instead, aNOoP is executed instead, making
making it a 2 TCy instruction. ita 2 Tcy instruction.
GOTO Unconditional Branch IORLW Inclusive OR Literal with W
Syntax: [label] GO?O k Syntax: [label] IORLW k
Operands: 0<k<2047 Operands: 0D<k<255
Operation: k — PC<10:0> Operation: (W).OR. k = (W)
PCLATH<4:3> — PC<12:11> Status Affected: z
Status Affected:  None Description: The contents of the W register are
Description: GOTO is an unconditional branch. OR’ed with the eight-bit literal 'k’

The eleven-bit immediate value is
loaded into PC bits <10:0>. The
upper bits of PC are loaded from
PCLATH=4:3>, coTO is a
two-cycle instruction,

The result is placed in the W
register.

O
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INCF Increment f IORWF Inclusive OR W with f
Syntax: [label] INCF fd Syntax: [fabel] IORWF fd
Operands: 0<f<127 Operands: 0<f<127
de [0,1] de [0.1]
Operation: (f) + 1 — (destination) Operation: (W) .OR. (f) — (destination)
Status Affected: Z Status Affected: Z
Description: The contents of register ‘f are Description: Inclusive OR the W register with
incremented. If ‘d" is ‘0", the result register f. If 'd" is '0’, the resuit is
is placed in the W register. If 'd’ is placed in the W register. If d is
‘1", the result is placed back in ‘1, the result is placed back in
register f. register 'f'.
RLF Rotate Left f through Carry SLEEP
Syntax. [label] RLF fd Syntax: [label] SLEEP
Operands: 0<f<127 Operands: None
de[0.1] Operation: 00h — WOT,
Operation: See description below 0 — WDT prescaler,
Status Affected: C (1J - ;g
Description: The contents of register 'f" are SR —
rotated one bit to the left through the Status Affected: TO, PD o
Camry flag. If 'd’ is "0', the resuitis Description: The power-down status bit, PD,
placed in the W register. If 'd"is "1", is cleared. Time-out status bit,
the result is stored back in register f'. TO, is set. Watchdog Timer and
o] R ler its prescaler are cleared.
The processor is put into Sleep
mode with the oscillator stopped.
RETURN Return from Subroutine SUBLW Subtract W from Literal
Syntax: [fabel] RETURN Syntax: [ label] SUBLW K
Operands: None Operands: 0<k<255
Operation: TOS = PC Operation: k- (W) = (W)
Status Affected:  None Status Affected: C,DC,Z
Description: Return from subroutine. The stack Description: The W register is subtracted (2's
is POPed and the top of the stack complement method) from the
(TOS) is !_qgagd into the program eight-pi; iit_erall_'lk'. The result is
RRF Rotate Right f through Carry SUBWF Subtract W from f
Syntax: [label] RRF fd Syntax: [label] SUBWF fd
Operands: 0<f<127 Operands: 0<f<127
de [0.1] de [0.1]
Operation: See description below Operation: (f) - (W) = (destination)
Status Affected: C Status C,DC.Z
Description: The contents of register ' are Affected:
rotated one bit to the right through Description:  Subtract (2's complement method)

the Carry flag. If 'd"is ‘o', the
result is placed in the W register,
If'd"is ‘1", the result is placed
back in register .

W register from register f. If 'd’is
‘0', the result is stored in the W
register. If ‘d"is ‘1, the resultis
stored back in register f.
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SWAPF Swap Nibbles in f XORWF Exclusive OR W with f
Syntax: [label ]| SWAPF fd Syntax: [label] XORWF fd
Operands: 0<f<127 Operands: 0<1<127

de [01) de [0,1]
Operation: (f<3:0>) — (destination<7:4>), Operation: (W) .XOR. (f) — (destination)

(f<7:4>) — (destination<3:0>)
Status Affected: None

Status Affected: Z

Description: Exclusive OR the contents of the

Description:

The upper and lower nibbles of
register 'f’ are exchanged. If 'd’ is
‘0", the result is placed in the W
register. If 'd"is "1, the result is

W register with register ‘. If ‘d"is
‘0", the result is stored in the W
register. If 'd" is ‘1’ the resultis
stored back in register 'f'.

placed in register f.
Clock Oscillator Configurations
Four different oscillator modes can be used with PIC16F877
RC — Resistor/Capacitor
XT —Crystal or Ceramic resonator
HS — High speed crystal or ceramic resonator
LP — Low power crystal

Activity
Fill upthetable,
Mnemonic Operands Description
ADDWF  f.d Addw and f
CLRF f
MOVF f.d
NOP
SUBWF f.d
INCF f.d
DECF f.d

ASSESSMENT ACTIVITIES
1. Work sheet on Instruction Set of PIC microcontroller

Matchitemsin columnA withtheitemsin column B and writethe meaning of the
concernedingtructionin columnC
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A B C
Arithmeticingruction GOTOK
Logicd Ingtruction BTFSCf,b
Datatransfer instruction RRF
Rotateinstruction MOVWEF, f
Conditiona Branch SUBWEFf,D
Unconditional Branch XORWFf,d

TE Questions

1.

& © © N o o b W DN

In byte oriented Instructions, representsafileregister and
represents destination register

List out any 5 CPU registersusedin PIC16F877
What isan instruction set?

What isnibble, byteand word?

What isaflag?What aredifferent typesof flag?
What doesmemory mapping mean?

What isthedifference between program memory and datamemory?
What istheneed of oscillator?

Give two examples each for —

Bitleve ingtruction

Byteleve ingtruction

Arithmeticingruction

Logicingruction

Datatransfer

Branchingruction

10. What isbaud rate?
11. Givethedifferencebetween PCL and PCLATH
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UNIT III-

Basic Programming Concepts using Assembly and C

Introduction.

The C language was development at Bell Labs in the early 1970’s by Dennis Ritchie
and Brian Kernighan..This chapter presents some of the key aspects of the C
programming languagetogether with MPLAB X IDE whichisvery much essentia
in programming PIC microcontrollers. MPLAB includes asoftware ssmulator, a
programming interface, adebugger interface and adeve opment environment capable
of cdlingthird party compilers.

Attheend of thissession, studentswill;

1. Understand the operation and thebasic useof MPLAB, Micro C and Proteus

2. UseMPLAB and Micro Ctowrite program and assembly languagefor PIC
Microcontroller

3. Use MPLAB and Proteus to simulate assembly and C language for PIC
Microcontroller.

Studentswill solearn how to creste aproject, set specific compiler optionsfor the
project, how to compileaproject into an output fileand how to load that output file
into thetarget device.

Learning outcomes

Thelearner;
UnderstandsMPLAB X IDE anditsinstallation.
Understands PIC programming cycle.
CreatesprojectsinMPLAB X IDE.
Buildsprojectsin MPLAB .

Understands structure of C Program, Datatypes, Operators- Arithmetic,
Booleanand Logical, TimeDel ays.

Understands PROTEUS.
Content
Programming MICROCHIP PIC microcontrollersis an easy 3 steps process:
A) Writing the code
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B) compiling/debugging thecode
C) burning the codeto the microcontroller

To begin programming and building PIC microcontroller based projectsyou will

need:

PIC Microcontroller

MICROCHIPMPLAB® IDE
HI-TECH C Com-
piler

PIC Programmer/
Debugger

Microcontroller
Boand

board

MicrocantrollerBoard com

MPLAB X IDE

MPLAB® X IDE isasoftware program that i s used to devel op applications
for Microchip Microcontrollers.

Thisdevelopment tool iscalled anInte- s mmm—"
grated Devlopment Environment, of IDE, =+~ i
because it provides a single integrated “en- !
vironment” to develop code for embed- I —
ded microcontrollers. S i

MPLAB C17, MPLAB C18 and S
MPLAB C30 from microchip provide

Output Windew Clesad

fully integrated, optimized code.

To develop an embedded controller application, weneed to

1.

3.
4.

Create high level design by incorporating the type of PIC MCU, which
periphera sand pinsto be used, typeof oscillator etc

Compile, assembleand link the software us ng the assembl er/compiler and
linker to convert codeto machine code

Test the code using debugger
Burn thecodeinto amicrocontroller and verify that it executes correctly.

MPLAB X IDE helps with steps 2 through 4. Its Programmer’s Editor helps
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write correct codewith thelanguagetool sof choice. Theeditor isawareof the
assembler and compiler programming constructs and automatically “color-keys”
the source codeto hel p ensureit issyntactically correct. The Project Manager
enablesyou to organize the variousfiles used in your application: sourcefiles,
processor description header filesand library files.

If thelanguagetool sruninto errorswhen building theapplication, theoffending
lineis shown and can be doubl e clicked to go to the corresponding sourcefile
for immediateediting. After editing, youwill rebuild and try your application
again. Oftenthiswrite-compile-fix loop isdone many timesfor complex code
asthesub-sectionsarewritten andtested. MPLAB X IDE goesthrough this
loop with maximum

speed, allowing you to

get ontothe next step. /"'\

Compile/Assemble - —~
When the code builds Link Code O e
with noerors, it needsto
be tested. MPLAB X }
IDE has components

“ ” Edit/Create/Design e :
called “debuggers” and Source Code nalyze/Debug

free softwaresimulators SN—— =
foral PICMCUtohelp

test thecode. Evenif thehardwareisnot yet finished, you can begintesting the
codewiththesmulator, asoftware program that s mul atesthe execution of the
microcontroller.

The simulator can measure code execution time, single step through codeto
watch variables and peripherals, and trace the code to generate a detailed
record of how the program ran

A compiler converts source code to machine instructions

MPLAB X IDE includes:

a full-featured programmer’s text editor that also serves as awindow into the
debugger.

aproject manager that providesintegration and communication between the
IDE and thelanguagetools.

anumber of assembler/linker suitesfor thedevel opment of firmware
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a debugger engine that provides | (=] MPLAS
breakpoints, single stepping, Watch win- /’ f \\\.;g::_ """:”
dows and all the features of amodern | |swene| |comme] o
debugger. P L\ e /0
asoftwaresmulator for all PICMCU . || " = . ]
Thesmulator isactualy composed of sev- i
erd device-specificsmulator executables

PIC programming cycle. PIC Programming Cycle

List file

Thefirst stepistowritethesourcecode, and save = )

it asan .ASM file. Next, using MPASM, you | 3 ew [ ="
assemble the source code. This will create a _
number of files, themost relevant beingthelist file Whciaex

(.LST) and thehex file((HEX). If any errorswere w:,f

encountered during the assembly process, there bt
will be no .HEX file, and you’ll need to examine s
the.LST fileand correct theerrorsinyour ASM

file

4\

Object code

Thenext sepisto openthe.HEX filewith your programming software and program
the PIC. Then, placethe PIC into thetest circuit, and seeif it works. Invariably,
you’ll have to go back to the .ASM file and make some more modifications to the
source code. Thiscyclerepeatsuntil the PIC doeswhat you require.

You can download an IDE (integrated devel opment environment) from Microchip
caled MPLAB - thisbringstogether thefirst few stepsof the process.

Having said that, MPLAPismuch better these days, and isworth investigating. It
incorporates an emulator, which alowsyou to step through your programmeon a
line-by-linebasis. Thisisuseful at the beginning, but when you start interfacingwith
real hardwarelike LCD displays, thisbecomeslessuseful.

int main (void)

{ 01101111
counter = 1; 10001000
TRISB =0; 11001101
while (inputl = 0) 10100001
{ 00110011

PORTB = count; 01011101
counter++; 00110001
11100101
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Themicrocontroller does not understand assembly language assuch. Thisiswhy it
ishecessary to compilethe program into machinelanguage. Itismorethan smple
when using a specialized program (MPLAB) because acompiler is part of the
software! Just one click on the appropriate icon solves the problem and a new
document with .hex extension popsout. It isactudly thesame program, but compiled
into computer language which the microcontroller perfectly understands. Such
documentation is commonly named “hex code” and seemingly represents a
meaningless sequenceof numbersin hexadecima numerica system.

Creating a new Project

1. CreateaNew Project by usingthe New Project wizard. Then View Changes
to the Desktop.

2. iewor Make Changesto Project Propertiesin the Project Propertiesdialog.
Also Set Optionsfor Debugger, Programmer or Language Toolsinthe same
didog.

3. SetLanguageTool Locationsand Set Other Tool Optionsinthe ToolsOptions
didog.

4. CreateaNew Fileto addto your project or Add Existing Filesto aProject.
Enter or edit your application codeto the File window.

5. Discover other featuresfor Editor Usage.
Add and Set Up Library and Object Files.

Set File and Folder Propertiesto keep or excludeindividual filesor entire
foldersfromthebuild.

8. SetBuild Propertiesfor pre- and post-build steps and |oading an alternative
hex fileon build.

9. BuildaProject.
To build a project:

* Inthe Projects window, right click on the project name and select “Build”.
You may also select “Clean and Build” to remove intermediary files before
building.

* Clickonthe “Build Project” or “Clean and Build Project” toolbar icon.

* Build progresswill bevisibleinthe Output window.

Availablebuildfunctionsare
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Bllét;ﬁn Function Description
e Build Project Make all the files in the project.
1] Build for Debugging Make all the files in the project and add a
debug executive to the built image.
= Clean and Build Remove previous build files and make all
cm:" the files in the project.
Clean and Build for Debugging Remove previous build files and make all
the files in the project. Add a debug
executive to the built image.

The Structure of C Programs
All C program contain preprocessor directives, declarations, definitions, expressions,
satementsand functions.

Preprocessor directive

A preprocessor directiveisacommand to the C preprocessor (whichisautomaticaly
invoked asthefirst stepin compilingaprogram). Thetwo most common preprocessor
directivesarethe#definedirective, which subgtitutestext for thespecified identifier,
andthe#includedirective, whichincludesthetext of an externd fileinto aprogram.

Declaration

A declaration establishesthe namesand attributes of variables, functions, and types
used intheprogram. Global variablesare declared outsdefunctionsand arevisible
from the end of the declaration to theend of thefile. A local variableisdeclared
insideafunction and isvisible form the end of the declaration to the end of the
function.

Definition

A definition establishesthe contentsof avariableor function. A definition also dlocates
the storage needed for variablesand functions.

Expression

Anexpressionisacombination of operatorsand operandsthat yieldsasingleva ue.
Statement

Statements control theflow or order of program executioninaC program.
Function

A functionisacollection of declarations, definitions, expressions, and statements
that performsaspecific task. Bracesencl ose the body of function. Functionsmay

not benestedinC.
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Components of a C program

All C programs contain essential components such as statements and functions.
Statements are the parts of the program that actually perform operations. All C
programs contain one or morefunctions. Functionsare subroutines, each of which
contain oneor more statementsand can becalled upon by other partsof the program.

Thestatement #include <stdio.h> tellsthe compiler to includethe source codefrom
the file “stdio.h’ into the program.

Theextension .h standsfor header file. A header file containsinformation about
standard functionsthat are used in the program. The header filestdio.hwhichis
called the standard Input and Output header file, contains most of the input and
output functions. Itisnecessary to useonly theindudefilesthat pertain tothestandard
library functionsinyour program. #include<stdio.h>

All Cprogramsmust haveamain() function. Thisistheentry point into the program.
All functionshavethesameformat

Statementswithinafunction areexecuted sequentialy, beginning withtheopen curly
brace and ending with the closed curly brace.

Thecurly braces{ and } show the beginning and ending of blocks of codein C.

Almogt all C statements end with asemicolon (;). The end-of-linecharacter isnot
recognized by C asalineterminator.

Therefore, thereareno constrai nts on the position of statementswithinalineor on
the number of statementsonaline.

All statementshave asemi-colon (;) at theend toinform the compiler it hasreached
theend of the statement and to separateit from the next statement. Failuretoinclude
thiswill generaly flag an error inthe NEXT line. Theif statement isacompound
statement and the; needsto beat the end of the compound statement:

main()
Every program must have amain function which can appear only once.

No parameters can be placed inthe () bracketswhichfollow. The keyword void
may optionally appear between the (and ) to clarity there are no parameters. As
main isclassed asafunction, al codewhich followsmust be placed withinapair of
braces{ } or curly brackets.
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main()
body of program

Variables

A variableisanamefor agpecific memory location. Thismemory location can hold
variousva uesdepending on how thevariablewasdeclared. In C, dl variablesmust
be declared beforethey are used. A variable decl aration tell sthe compiler what type
of variableisbeing used. All variabledeclarationsare statementsin C and therefore
must be terminated with asemicolon.

Some basic datatypethat C supportsarechar, int, float, and long. The general
format for declaringavariableis.

Typevariablename;
Constants
A constant isafixed va uewhich cannot be changed by the program.

For example, 25isaconstant. Integer constants are pecified without any fractional
components, such as—100 or 40. Floating point constants require the decimal point
followed by the number’s fractional component. The number 456.75 is a floating
point constant. Character constants are enclosed between single quotes such as ‘A’
or‘&’.

When the compiler encountersaconstant inyour program, it must decidewhat type
of constant itis. The C compiler will, by default, fit the constant into the smallest
compatible datatypethat will holdit. So 15isanint and 64000 isanunsigned.

A congtant can be declared using the#define statement.

#define <label> value

Comments

Commentsare used to document the meaning and operation of thesource code. All
commentsareignored by the compiler. A comment can be placed anywhereinthe
program except for the middle of aC keyword, function name, or variable name.
Comments can be many lineslong and may a so be used to temporarily removea

line of code. Finaly, comments cannot be nested.
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Commentshavetwo formats. Thefirst format isused by all C compilersandis
[* Thisisacomment */

Thesecond format issupported by most compilersandis

Il Thisisacomment

PROTEUS

Proteus PROcessor for TExt Easy to USe) is a fully functional, procedural
programming language creaeted in 1998 by Simone Zandlla.

Proteusincorporatesmany functionsderived from severd other languages. C,BASIC,
As=mbly; itisespecidly verstileindedingwith strings, having hundredsof dedlicated
functions; thusmakesit one of therichest languagesin text manipulation.
Transforming datafrom oneform to another isthemain usage of thislanguage.

*  Proteushasafully functiona, procedura approach;

» variablesareuntyped, do not need to be declared, can belocal or public and
can be passed by value or by reference;

»  dlthetypica control Sructuresareavailable(if-then-dse; for-next; while-loop;
repest-until; switch-case);

*  new functionscan be defined and used as native functions.

Datatypes supported by Proteus are only three: integer numbers, floating point

numbersand strings. Accessto advanced datastructures(files, arrays, queues, stacks,

AV L trees, setsand so on) takesplace by using handles, i.e. integer numbersreturned

by item creation functions.

Typedeclarationisunnecessary: variabletypeisdetermined by thefunction applied
—Proteus converts on the fly every variable when needed and holds previous data
renderings, to avoid performance degradati on caused by repeated conversions.

Thereisno need to add parenthesisin express onsto determinethe eva uation order,
becausethelanguageisfully functiona (thereare no operators).

Proteusincludes hundredsof functionsfor:
. ngfilesystem,
e sortingdata;
e manipulatingdatesand strings;
e interactingwith theuser (consolefunctions)
e Cdculatinglogica and mathematical expressions.
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Proteus supports associative arrays (called sets) and AV L trees, which arevery
useful and powerful to quickly sort and lookup values.

Thefunctiond approach and theextensivelibrary of built-infunctionsalow towrite
very short but powerful scripts; to keep them comprehensible, medium-length
keywordswere adopted.

Theuser, besideswriting new high-leved functionsin Proteus, can add new functions
in C/C++ by following theguiddinesand using thetempl atesavail ableinthe software
devel opment kit; the new functions can beinvoked exactly the sasmeway asthe
predefined ones, passing expressionsby value or variables by reference.

Proteusisan interpreted language: programsareloaded into memory, pre-compiled
and run; sincethe number of built-infunctionsislarge, execution speedisusualy
very good and often comparabl eto that of compiled programs.

Running aProteus script asaservice, started as soon asthe operating system has
finished |l oading, givesmany advantages:

*  nouserneedstologinto start the script;

* aservicecan berunwithdifferent privilegessothat it cannot be stopped by a
user.

Thisisvery useful to protect critical processesin industrial environments (data
collection, device monitoring), or to avoid that the operator inadvertently closesa
utility (keyboard emulation).

For intellectua property protection Proteus provides:
e griptencryption;
»  digita Sgnatureof the scripts, by usingthedevel opment key (whichisunique);

» theoptionto enableor disabletheexecution of ascript (or part of it) by using
thekey of the customer.

Proteusis appreciated becauseit isrelatively easy to write short, powerful and
comprehens bl e scripts; thelarge number of built-in functions, together with the
examplesinthemanual, keep low thelearning
curve.

Activity

Rearrangethe blocksin order to completethe
working cycleof MPLABXIDE
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Example 1 Program to create a led blinking pattern using switch

tinclude<htc.h> //header files containing hi-tech ¢ compiler
definitions
#define XTAL_FREQ 4000000 //Crystal oscillator frequency
#define switch_1 RDO  //defining pin RDO as Switch 1
void main() //main program code
{
TRISB=0; //configuring port B as output
TRISDO=1; //configuring Pin RDO as input
PORTB=0; //nitialising port B to 0
while(1)
{
if(switch_1==1) // checking switch
condition
{
PORTB=0XAA; //
assigning values to PORTB
__delay_ms(500); //inserting delay
of 500 milliseconds
PORTB=0X55; //

clearing PORTB
__delay_ms(500);

}
else
{
PORTB=0XFF;
__delay_ms(500);
PORTB=0;
__delay_ms(500);
}
}
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PORT B = OXAA

i

DELAY 1000mS

) ! )

PORT B = OX55

¥

GELAY 1000mS

Assessment Activity

1. LabworkonMPLAB X IDE (bothinALPand Embedded C)
2. Labwork on Simulation of programsusing PROTEUS

TE Questions

1.

© © N o g s~ DN

What arethe stepsfor creating anew projectin MPLAB X IDE?
Explaintheuseof text editor

How new filesare added to aproject?

How canyou build aprojectinMPLABXIDE?
Listthewindowsin MPLABXIDE.

Writethe structure of C Program

How can aninteger value berepresentedin C?

What is the use of ‘Proteus’?

What arethewindowsin Proteus?

10. What isthefunction of alibrary file?
11. What isthefunction of compiler and assembler?
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UNIT - IV
Features of PIC and Peripheral Interfacing

Introduction

Interfacing isoneof theimportant conceptsin PIC  becausethemicrocontrollerisa
CPU that can perform some operation on adataand givesthe output. However to
perform the operation we need an input deviceto enter the dataand in turn output
devicedisplaystheresultsof theoperation.

Interfacingisthe process of connecting devicestogether so that they can exchange
theinformation andthat provesto beeasier towritetheprograms. Therearedifferent
type of input and output devices as for our requirement such as LEDs, LCDs,
7segment, keypad, motorsand other devices.

Learning outcomes
Thelearner;
To understand various timer functions —Timer O, Timerl, Timer 2

To familiarize with Timer 1 modes — Compare and capture modes and
Timer 2 modes — PWM.

To get familiarized with theinterruptsof PIC16F877A

To get aclear understanding about Watchdog Timer, WD T
To get familiarized with serial communication— USART

To understand about 12C and SPI

To understand how a PIC microcontroller can beinterfaced with periph-
eral devices

To get clear ideaabout Roboticsand itslaws.

To understand about different mechanical el ements, sensorsand itstypes,
Controller, Storage , hardware, Computation hardwareand interfacehard-
wareusedin ROBOT

To understand the advantages and disadvantages of robots.
Timersin PIC16F887A

Timersareused to build systemsthat perform various processesthat depend on
time. Timersaremainly used to build precisetime del ays based on system clock. A
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timer counts pulses of afixed, known frequency usually the system clock for
the processor. Physicdly, timer isaregister whosevaue iscontinualy increasingto
255, andthenit startsall overagain: 0, 1, 2,3,4...255....0,1, 2, 3......€tc.

If we know how much time atimer needs to make one complete round, then
multiplyingthevaueof a variableby that timewill yield thetotal amount of elapsed
time
PIC16F887A has 3 different timers— Timer 0, Timer1 and Timer 2 and each of this
can be used for different purposes.
TimerO
Features:
>  8-bittimer/counter
Readable and writable
8-bit software programmabl e presca er
Internal (4 Mhz) or externa clock select

Interrupt on overflow from FFh to 00h

YV V V V

>  Edgesdect (risngor faling) for externa clock

TheTimer O moduleisasimple8-bit overflow counter. The clock source can be
ether theinterna system clock (Fosc/4) or an externd clock. Whentheclock source
isan external clock, the TimerO modul e can be sel ected to increment on either the
risngorfalingedge.

TheTimer 0 module also hasaprogrammable prescaler option. Thisprescaer can
be assigned to either the Timer0 module or the Watchdog Timer. Bit PSA assigns
thepresca er and bits PS2:PSO determinethe prescaler vaue. TMRO canincrement
at thefollowingrates: 1:1 when the prescaler isassigned to Watchdog Timer, 1:2,
1:4,1:8,1:16,1:32, 1.64, 1:128 and 1:256.

Synchronization of theexterna clock occursafter the prescaler. Whentheprescaer
is used, the external clock frequency may be higher then the device’s frequency. The
maximum frequency is50 M Hz, given the high and low timerequirements of the
clock.

Timerl

Timerlisal6-hit timer/counter. Theclock source can beeither theinternal system
clock (Fosc/4), an external clock, or an external crystal. Timerl can operate as

&>
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either atimer or acounter. WWhen operating asacounter (external clock source), the
counter can either operate synchronized to the device or asynchronously to the
device. Asynchronous operation allows Timer1 to operate during sleep, whichis
useful for applicationsthat requireareal-timeclock aswell asthe power savings of
SLEEPmode.

Timer 1 adsohasaprescaer option, whichalowsTMR1 toincrement at thefollowing
rates: 1.1, 1:2, 1:4 and 1:8 TMRL1 can be used in conjunction with the Capture/
Compare/PWM module. When used withaCCPmodule, Timerlisthetime-base
for 16-bit capture or 16-bit compare and must be synchronized to thedevice.
Timer 2

Timer 2 isan 8-bit timer with a programmabl e prescaler and a programmable
postscaler, aswell asan 8-hit Period Register (PR2). Timer 2 can be used with the
CCP module (in PWM mode) as well as the Baud Rate Generator for the

Synchronous Serid Port (SSP). The prescaler option alows Timer2 toincrement at
thefollowingrates: 1:1, 1:4 and 1:16.

The post scaler allows TMR2 register to match the period register (PR2) a
programmable number of timesbefore generating an interrupt. The postscaler can
be programmed from 1:1to 1:16 (inclusive).

CCP (Capture-Compare —-PWM)
The CCP moduleisaperiphera which alowstheuser totimeand control different

events. The CCP module(s) can oper atein oneof threemodes 16-bit capture,
16-bit compar e, or up to 10-bit PulseWidth M odulation (PWM)

The PIC16F887 microcontroller hastwo such modules— CCP1 and CCP2.
PWM - Pulse Width Modulation can generate signal s of varying frequency and
duty cycle.

Signdsof varying frequency and duty cydehave
awideapplicationinautomation. If alogiczero H 1

(O) represents switch-off and logic one (1)

represents switchon, the power that theload m T _|
consumeswill bedirectly proportiona tothe J L L L v
pulseduration. Thisratioisoften called Duty

Cycle.
INTERRUPTS :

Interruptsareexterna hardware signaswhichforcethe M CU to suspend itscurrent

|
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process and carry out an ISR. Though an Interrupt can be generated in various
ways, in PIC, theresultisawaysto jump to program address 004.

The PIC16F8X X family hasup to 11 sources of interrupt. Theinterrupt control
register (INTCON) recordsindividual interrupt requestsin flag bits. It also has
individual and global interrupt enablebits.

Theseareapowerful way to ensurethat aperiphera isableto demand theattention
of the CPU immediately! On receiving the Interrupt Request (IRQ), thefollowing
happens:

1. Thecurrent Program-Counter isstored on the stack.

2. Programflow isdivertedtothelnterrupt Veector.

3. Theusersprogram (optionally) stores certain key variables, such asW,
STATUS, etc.

4. Thesourceof theinterrupt isdetermined (again, optionadly) and theappro-
priate code can be executed.

5. Keyvariablesarerestored, prior to...
6. EndingthelSR and resuming normal program flow.
TMRO INTERRUPT:

AnoverflowintheTMROregister will set flag bit TOIE. Theinterrupt can beenabled/
disabled by setting/clearing enablebit TOIE.

PORTB INTERRUPT ON CHANGE :

Aninput changeon PORTB setsflagbit RBIF. Theinterrupt can be enabled/disabled
by setting/clearing enablebit RBIE.

WATCH DOG TIMER (WDT):

Supposethat, asaresult of someinterference, our microcontroller stops executing
theprogramor it worksincorrectly. Watch dog timer isafree run counter whereour
program needs to write azero in every timeit works correctly. In case that the
program getsstuck, zerowill not bewrittenin, and the counter alonewill reset the
microcontroller upon achievingitsmaximumvaue. Thiswill result in executing the
program again, correctly thistime.

TheWatchdog Timer isafreerunning on-chip RC oscillator which doesnot require
any external components. ThisRC oscillator is separate from the RC oscillator of
the OSCL/CLKIN pin. That meansthat theWDT will run, evenif theclock onthe
OSC1/CLKIN and OSC2/CLKOUT pins of the device has been stopped, for
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example, by execution of aSLEEP ingtruction. During normal operation,aWDT
time-out generatesadevicereset. If thedeviceisin SLEEP mode, aWDT time-out
causes the deviceto wake-up and continuewith normal operation. TheWDT can
be permanently disabled by clearing configuration bit WDTE.

ACTIVITY
Doityourself
LEDs ON for half second and OFF for 1 second
USART (Universal Synchronous Asynchronous Receiver Transmitter)

In serial communication, we transmit amulti bit word bit after bit and parallel
communication, thebitsaretransmitted paralelly at once between computers.

In Synchronous Communication, the information is transmitted from the
transmitter tothereceiver

e insequence

 hbitafter bit

* withfixedbaudrate

« andtheclock frequency istransmitted longwith thebits

That meansthat thetransmitter and thereceiver are synchronized between them by
the sameclock frequency. The clock frequency can betransmitted along with the
information, whileit isencodedintheinformationitself, or in many casesthereisan
additional wirefor theclock.

Thiscommunicationisfaster ascompared to asynchronoustypesinceitisconstantly
transmitting theinformation, with no stops.

In Asynchronous Communication, theinformation isdivided into frames, in the
sizeof byteand each frame has:

o “Start” bit which marks the beginning of a new frame
o “Stop” bit which marks the end of the frame

To communicatewith external components such ascomputers or microcontrollers,
PIC uses acomponent called “USART” which can be configured as a Full Duplex
Asynchronous System (to communicatewith CRT/Computer) or asaHalf Duplex
Synchronous system that can communicatewithA/D, D/A, serial EEPROM S etc

Toenabletheserid communication with PIC microwemust set different parameters
withintworegisters
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TXSTA - Transmit Status and Control Register

R/W-0 RW-0 R/W-0 RW-0 U-0 R/W-0 R-1 RW-0
CSRC I X9 TXEN | SYNC = | BRGH | TRMT | TX9D ]

bil 7 bit 0
RCSTA - Receive Status and Control Register

RWO RWO RW-0 RWO0 RWO R-0 R-0 R-x

[ SPEN RX9 | SREN | CREN | ADDEN | FERR | OERR | RX8D
7 . I bit0

Themost commonly used seria communication sysemsare: '

I2C Protocol (Two wire System)

[2C(Inter Integrated Circuit) is a system used when the distance between the
microcontrollersisshort and speciaized integrated circuitsof receiver and tranamitter
areusually onthe same printed circuit

— —savE—") [ SLAVE | |
board. Connection is established via | *™ SAVE

| | (Thermometec)] |
I troller SR | ¢
two conductors- oneisused for data | o I -?-7'-—‘ T‘F“ 7

transfer whereas another isusedfor | | | | [ .
synchronization (clock signd). -

Asseeninfigure, in such connection,

onedeviceisdwaysmaster. It performsaddressing of onedave chip (subordinated)
before communi cation starts. In thisway one microcontroller can communicatewith
112 different devices. Baud rateisusualy 100 Kbps (standard mode) or 10K b/sec
(slow baud ratemode). Systemswith the baud rate of 3.4 Mb/sec arealso there.
Thedi stance between deviceswhich communicate viaan inter-integrated circuit bus
islimited to severa meters.

SPI (Three Wire Serial - Parallel Interface)

SPI (Serial Peripheral Interface Bus) isasystem for serial communication which
usesfour conductors(usualy three)- one
for datareceiving, onefor datasending,
one for synchronization and one
(alternatively)for selecting device to
communicate with. It is full duplex
connection, which meansthat dataare
sent and received simultaneously.
Maximal baud rateishigher thanin I2C connection.

Baud rate is not high and amounts up to 1 Mbit/sec.
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PERIPHERAL INTERFACING WITH PIC
1/O

Input-output interface providesamethod for trandferringinformation betweeninternd
storageand external 1/0 devices. Peripheralsconnected to acomputer need specia
communication linksfor interfacingthemwith the central processing unit. Thepurpose
of thecommunicationlink isto resolvethedifferencesthat exist between thecentra
computer and each periphera. Themajor differencesare:

1. Peipherasaredectromechanica and e ectromagnetic devicesand their man-
ner of operationisdifferent from the operation of the CPU and memory, which
areelectronic devices. Therefore, aconversion of signal valuesmay bere-
quired.

2. Thedatatransfer rate of peripherdsisusually lower than thetransfer rate of
the CPU, and consequently, asynchronization mechani sm may be needed.

3. Daacodesandformatsin peripherdsdiffer fromtheword format inthe CPU
and memory.

4. Theoperating modesof peripherals aredifferent from each other and each
must be controlled so asnot to disturb the operation of other peripheralscon-
nected to the CPU.

Toresolvethesedifferences, computer systemsinclude
special hardware components betweenthe CPU and
periphera sto supervise and synchronizeall input and S
output transfers. These componentsarecalledinterface
units becausethey interface between the processor bus @

and the peripheral device,

#IC Davuicpment Boand

E s M icrocontroller usualy has

specid hardwarefor deding
I/0 BUS and Interface Module withtheotsideworld. These
. aecdledinput/output lines,

s OF1/Olines Wenormdly use

]

carat /O |ines to interface the
Microcontroller to sensors
Interface l Interface l l Interface |
] | | or actuators.

Ke?n:ad Printer Magnetic A Common Way tO dwzn be
display disk . . .
erminal agroupingof 1/0Olinesisas

Connestion of /O bus to input-autput devices aport.
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In PIC 16F877A, we have 5 1/0 ports — Port A, Port B, Port C, Port D and Port
E

Oneof themost important feature of the mi crocontroller isanumber of input/output
pinsused for connectionwith peripherds. Inthiscase, thereareintotd of thirty-five
generd purposel/O pinsavailable, whichisquite enough for the maost applications.
For practical reasons, many I/O pinshavetwo or threefunctions. If apinisused as
any other function, it may not be used asagenera purposeinput/output pin; and
Every port hasitscorresponding TRISregister: TRISA, TRISB, TRISC etc. which
determines performance, but not the contents of the port bits.

By clearing somebit of the TRIS register (bit=0), the corresponding port pinis
configured asoutput. Similarly, by setting somebit of the TRISregister (bit=1), the
corresponding port pinisconfigured asinput. Thisruleiseasy to remember 0=
Output, 1 =Input.

Basic connecting

Asseeninthefigurebelow, in order to enablethe microcontroller to operate
properly itisnecessary to provide:

*  Power Supply;
* ResetSignd; and
* Clock Signd.
o . 8-12v
2N vee
= I1C %, = -
« < { LM7805 + T
Ot e Ll T
\ [ (=¥ | 100uF 10uF | =% 100nF
Cr - ’ ‘ 10K
GND =
+ fmccr ' —  rer [l
[ rao RB6 (]
Orat Rras [J
RESET i O raz R4 (]
[ [ ras res [l
[ras rez ]
Qras O rme1fl
L OQree © rmeoll
- E RE1 5 Vidd E— ||
REZ Vas [} |
[ oaa g rov 1
[vss o) ros | GND
——foser =~ ros [1
. {] osc2 RrD4 (1
[L RCO RCT E.
| RC1 RCE |}
g T r| [ re2 RCS F
= 2 [res Rrc4 (]
20-30pF TT 20-30pF o0 il
1 L ro2 |

GND ~—
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POWER SUPPLY
A 5V dccan easily be generated using astep down transformer and 7805
RESET SIGNAL

In order that the microcontroller can operate properly, alogic one (V CC) must be
applied onthereset pinit explainsthe connection pin-resistor 10K-V CC. The push-
button connecting the reset pin MCLR to GND is not necessary. However, itis
amost dwaysprovided becauseit enablesthemicrocontroller ssfereturnto norma
operating conditionsif something goeswrong. By pushing thisbutton, OV isbrought
tothepin, themicrocontroller isreset and program execution sartsfrom thebeginning.
The 10K resistor isthereto allow 0V to be gppliedto the MCLR pin, viathe push-
button, without shorting the 5V DC rail to ground.

CLOCK SIGNAL

Even though themicrocontroller hasabuiltin oscillator, it cannot operate without
externa componentswhich stabilizeitsoperation and determineitsfrequency
(operating speed of themicrocontroller). Depending on which elementsarein use
aswell astheir frequencies, the oscillator can berun infour different modes:

e LP-Low Power Crystal,

e XT-Crystal / Resonator;

» HS-High speed Crystal / Resonator; and
¢ RC-Resistor/ Capacitor.
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Owingtothefact that it isalmost impossible to make a stable oscillator which
operates over awidefreguency range, the microcontroller must know which crysta
isconnected in order that it can adjust the operation of itsinternal electronicstoit.
Thisiswhy all programsused for chip | oading contain an option for oscillator mode
selection. Seeabovefigure.

Quartz resonator
Whenaquartz crystd isused for frequency stabilization, thebuiltin oscillator operates

at avery precisefrequency which

is isolated from changes in o o [

I [loser = Lp | 32KHz | 33pF

temperature and voltage power |+ =— - R Trar
. . GND _"_,_ oscz = el T _.].é.._g._.

supply aswell. Thisfrequency is & TR
normally labeled on the ——— i T T
20 MHz 15-33 pF |

microcontroller package.

Apart fromthecrystal, capacitors C1 and C2 must be also connected as per the
schematic below. Their capacitanceisnot of great importance, therefore, theva ues
provided in thetable should be consi dered asarecommendation rather than astrict
rule.

Ceramic resonator

Ceramic resonator ischeaper, but very smilar to quartz by itsfunction and theway
of operating. This is why the schematics illustrating their connection to the
microcontroller areidentical. However, the capacitor vaueisabit different inthis
casedueto different electric features. Refer to thetable.

=] Qr e

M ) F 1,
" s loset I Mode requency C1,C2
H -I: 2 455 KHz | 68-100 pF
oo Wy 4 XT | 2MHz | 1568 pF
wo | | Jos€2 ; 4MHz | 15-68 pF
. 2 Hg |8MHz | 1048 pF
= 16 MHz | 10-22 pF

These oscillators are used when it is not necessary to have extremely precise
frequency.
RC oscillator

If the operating frequency isnot of importance then thereisno need for additional
expensive componentsfor stabilization. Instead, asmple RC network, asshownin
thefigurebe ow, will beenough. Sinceonly theinput of theloca oscillator input isin
use here, the clock signal with frequency Fosc/4 will appear on the OSC2 pin.




Reference Book [}

Furthermore, that frequency becomes operating frequency of the microcontroller,
i.e. the speed of instruction execution.

External oscillator
If it isrequired to synchronizetheoperation of severd %" 3K <R1 < 100K ]
microcontrollersor if for somereasonitisnot possible e
to useany of the previous schematics, aclock signal
may be generated by an external oscillator. Refer to
thefigurebelow.

ADDITIONAL COMPONENTS c1 |:

Regardless of the fact that the microcontroller isa I -
product of modern technology, itisof no usewithout

being connected to additional components. Simply, the appearance of voltage on
themicrocontroller pinsmean nothing if not used for performing certain operations
(turn something on/off, shift, display etc.).

Thissectionintentionaly coversonly themost commonly used additiona components
inpracticesuch asresistors, transistors, LED diodes, LED displays, LCD displays
and RS232 communication circuits.

SWITCHES AND PUSH-BUTTONS

This is the simplest way of
detecting the appearance of a
voltageonthemicrocontroller input
pin.

It is about contact bounce- a .,
common problemwith mechanical =+
switches. Whenthecontectsstrike ™
together, their momentum and

eladticity act together to causebounce. Theresult isarapidly pulsed eectrica current
instead of acleantrangitionfromzerotofull current. Thiscauses problemsinsome
analogue and logic circuitsthat respond fast
enough to misinterpret the on-off pulsesasa
datastream.

0.01-100mS
- .

0}
0]

-T"r+5\t‘
1OKJ
This problem may be easily solved by
connecting a simple RC circuit to suppress
quick voltage changes.

—

(=]

|

=
Microcontroller
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RELAY

A relay isan electrical switch that opensand closes under the control of another
electrical circuit. Itistherefore connected to
output pinsof themicrocontroller and used

to turn on/off high-power devicessuchas  « v \/
motors, transformers, heaters, bulbs, etc. = pres P ‘—g
When acurrent flowsthrough thecoil, the : = & |/}2F2F ‘
relay isoperated by an € ectromagnet to open | ——t—

+

In order to prevent the appearance of high | | T l‘“’) h
voltagesdlf-induction caused by asudden ~ —ew — oo

stop of current flow through the coil, an

inverted polarized diodeis connected in parall €l to the coil. The purposeof this
diodeisto"cut off" thevoltage peak.

SEVEN SEGMENT LED DISPLAY

Itiscomposed of 8 LEDs- 7 segments are arranged as a rectangle for symbol
displaying and thereisan additional segment for decimal point displaying. In order
tosmplify connection, anodesor cathodesof dl diodesare connectedto thecommon
pin so that there are common anode displays and common cathode displays,
respectively. Segmentsare marked with thelettersfrom ato g, plusdp, asshownin
figure below. On connecting, each diodeistreated separately, which meansthat
each must haveitsown current limiting res stor.

Microcontroller
PORT

or close one or many setsof contacts.

2\ —
A\ fi&‘b
\P e,d_'c.dp

Hereishow anoptica illusionbased onthe sameoperating principleasafilm camera
iIsmade. Only onedigit at atimeisactive, but they changetheir stateso quickly that
onegetsimpression that al digitsof anumber areactive s multaneously.

Inadditiontodigitsfrom0to 9, therearesomeletters-A, C,E, J, F, U, H, L, b, C,

d, o, r, t- that can be al so di splayed by means of the appropriate masking.
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1 |

| T
! il
8x 330R 4 x Low current common
H E B H o
L L L L

‘1;)“ T3
P
la) T2

-

0000

Microcontroller
[__Por

{I\;)T 1

- [oJofojol/o[1]oJ1] Number 5 binary i W |'
'I__. Jf| Ib|

A o[[AfoJ[1Jo]1] Number 5 mask L/ —g iu‘l
/ dpg f edc ba |[.\ | ]
{ % le
{ 1, \l al-:;_‘:

\‘ 8 x 330R -

Microcontroller
PORT
'% o= aloo|e

| Low current common
cathode display

In the event that the common anode displays are used, all ones contained inthe
previous table should be replaced by zeros and vice versa. Additionally, NPN
transistors should be used asdriversaswell.

OPTOCOUPLER

An optocoupler isadevice commonly used to separate microcontroller eectronics
from any potentialy dangerous current or voltageinitssurroundings. An optocoupler
usesashort opticd transmission pathtotransfer asigna betweendementsof circuit,
whilekeepingthem eectrically isolated. Thisisolation makessenseonly if diodes
and photo-sengtived ementsare separatedly powered. Inthisway, themicrocontroller
and expensive additional € ectronicsare completely protected from high voltage
and noi seswhich arethe most common cause of destroying, damaging or unstable
operation of electronic devicesin practice.
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+5V

Microcontroller

Galvanically isolated

The R/C network represented by the broken linein thefigureabove denotes optiona
connection which lessenstheeffects of noi sesby €iminating very short pul ses.

LCD DISPLAY

Itisusedfor displaying different messageson aminiatureliquid crystal display. It
candisplay messagesintwolines
with 16 characters each. It
displays all the letters of
alphabet, Greek letters,
punctuationmarks, mathematica
symbols etc. In addition, it is
possible to display symbols
made up by the user. Other
useful featuresincludeautomatic message shift (Ieft and right), cursor appearance,
LED backlight etc.

Along oneside of asmall printed board there are pins used for connecting to the
microcontroller. Thereareintota of 14 pinsmarked with numbers(16if thebacklight
isbuiltin). Their functionisdescribedinthetable bellow:

[ Function Pinnumber | Name Logic Description
State
Ground 1 Vss - ov
Power supply| 2 Vdd - +5V
Contrast 3 Vee - 0-Vdd
4 RS 0 D0 - D7
are interpreted
as commands
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r

D0 - D7 are interpreted as
data

Control of
operating

Data/
commands

&Rk kR B ©C*®X

14

R/W 0
1
E O
1
1From1to 0
DO o1
D1 o1
D2 o1
D3 o1
D4 o1
D5 o1
D6 o1
D7 o1

Write data (from controller to
LCD)

Read data
(from LCD to controller)

Accessto LCD disabled
Normal operating
Data/lcommands are
transferred to LCD

BitOLSB
Bit1l
Bit2
Bit3
Bit4
Bit5
Bit6
Bit7MSB

Can ta connactad
o Ground

Micracontroller

: In 4-bit mode is
| |L+T" left unconnected

{ }-3 +5v

. LED backlight
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Robotics

Mechanical device that performs human tasks, either
automatically or by remote control iscalled asaRobot.

Study and application of robot technology is called Robotics
Robot that is operated remotely iscalled telerobotics

Laws of Robotics

1. Arobot may not injureahuman being or throughinaction,
alow ahuman being to cometo harm

2. A robot must obey orders given to it by human beings, except where such
orderswould conflict withthefirst law

3. A robot must protect its own existence aslong as such protection does not
conflict withthefirst law.

Robot Types

1. Industrial Robots — Material hanling, welding, inspection, improving produc-
tivity, |aboratory applications

2. Mobile Robots — Robots that move around on legs, tracks and wheels.
Educational Robots — Robots that are used in education

Domestic Robots — 2 types — those designed to perform household tasks and
modern toyswhich are programmed to do thingsliketalking, walking, dancing
€tc.

5. Military robots — Bomb disposal, search and rescue
6. Medical robots — Remote surgery

Robot Components
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1. Manipulator or Rover — Main body of Robot — Links, joints, other structural
elementsof therobot
End Effecter — The part that is connected to the last joint hand of a manipulator
Actuator — Muscles of the manipulators — Servomotor, stepper motor, pneu-
maticand hydraulic cylinder

4. Sensors — To collect information about the internal state of the robot or to
communicate with the outs de environment.

5. Controller — Similar to cerebellum. It controls and coordinates the motion of
theactuators

6. Processor — The brain of the robot. It calculates the motions and the velocity of
the robot’s joints etc

7.  Software — Operating system, robotic software and collection of routines.

Sensors

Sensors provide awareness of the environment by sensing things. Sensorsarethe
coreof robots.

Sensing can be in different forms like — light, sound, heat, chemicals, force, object
proximity, position, magnetic and e ectric fieldsand resistance.

>
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Purpose of Robots

o a0~ w DR

7.

Doingdirty tasks —
Doing repetitivetasks Py
Dangeroustasks
Impossibletasks » - S -

Robots assi sting the handi capped R— | .

Can operate equipments at much
higher precisionthan humans

Cheaper onalongtermbasis

Advantages and Disadvantages of Robots

1

© o N o s~ 0D

10.

Robotsincrease productivity, safety, efficiency, quality and consistency of prod-
ucts

Robots can work in hazardous environments

Robots need no environmental comfort

Nofatigue

Repeatableprecisoninal times

Much moreaccurate than human

Robots replace human workers creating economic problems
Robotslack capacity to respond in emergencies

Havelimited capabilitiesin degree of freedom, vision system and real time
response

Robotsarecostly, duetoinitia cost of equipment, installation costs, need for
peripherals, need for training and need for programming

Activity

Collect clippingsfromnewspaper sand magazneson the newsitems, articles
and picturesrelated to Robots. Paste themin a chart and shareit with your
friends.

Assessment Activity
Labwork on

1.

Interfacing of switchesand relay.

&
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Interfacing of DC Motor H bridge
Interfacing of DC Motor with PWWM speed control
Sending data to PC throughRS232
Simple project on Robotics (Compulsary)
TE Questions

1. Whatisaninterrupt?
What arethetypesof interrupt in PIC 16F877A?
Explaindifferent timer modesin PIC.
What isPWM?
What isthefunction of Watch Dog Timer?
Writethestepsininterfacing different peripherals?
Listthe SFRsavailablewithtimers
Compare SPI and I2C modes
What isthe difference between softwareand hardwareinterrupts?
10. Why interfacing needed for I/O devices?

11. What isthe difference between Synchronous and A synchronous commu-
nicaion?

12. What isthe difference between Timer and Counter?
13. What arethelaws of robotics?

14. What arethe major componentsin aRobot?

15. List advantages and di sadvantages of arobot.

2. Configuring ADC

3. Interfacing of sensors— LDR.

4. Interfacingof temperaturesensorsLM35.
5. LCDinterfacing

6. Interfacing of Stepper Motor

1.

8.

9.

© © N gk~ 0D
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Unit 5: Basic Engineering Graphics
Introduction

Itisagraphica languagethat communicatesideasand information fromonemindto
another.

One of the best ways to communicate one’s ideas is through some form of picture or
drawing. Thisisespecidly truefor theengineer. The purposeof thisguideistogive
you thebasi cs of engineering sketching and drawing.

We will treat “sketching” and “drawing” as one. “Sketching” generally means freehand
drawing. “Drawing” usually means using drawing instruments, from compasses to
computersto bring precision to thedrawings.

Learning outcomes

Thelearner;
Recognizelettering, numbering, dimensioning.
Apply principlesof geometric construction.
Construct square, rectangle, circleand dllipse.

DRAWING INSTRUMENTS

Drawing Indrumentsareused to preparedrawingsaccurately and eesily. Theaccuracy
and quality of drawing depends onthe accuracy and qudity of drawing instruments.
Thefollowing arethe commonly used materia sand toolsin engineering drawing.

Basic Tools and materials

> Drawingboard, Drawing paper, pencil, eraser, Drawing ping/ tape, Clips,
Duger.

» T-Squareand Set Square, Mini drafter, Scales, Dividersand Protractor.
» Compass, French curvesand Templates
T-SQUARE

Drafting machine

A draftingmachine isadevicewhichismountedtothe
drawing board. It has rulers whose angles can be
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precisely adjusted with acontrolling mechanism. There aretwo main types of
apparatus. an arm-type parallelogram apparatus based on ahinged arm; and atrack-
type apparatus which moves on arail mounted to the top of the drawing board.
Small drafting machines (mini drafters) arecommonly used.

Lettering and dimensioning

Writing of titles, dimensions, notesand other important particularsonadrawingis
cdled lettering. Lettering can bedonein different ways ABCDEFGHIL)
such as hand lettering, mechanical lettering etc. KL MNOPOQORS
Mechanical lettering can bedoneusingtypewriteror ~ T UV XY Z
computer. 1234567880

Dimension is a numerical value expressed in
gppropriate unitsof measurement and marked on adrawingwithlines, symbolsand
notes. The dimension without any unit is considered in “mm’. The elements of
dimensioning areprojection lineor extensonline, dimensionline, leader lineand
arrowheads. Projectionlineisathin, dark, solid linethat extendsfrom apoint onthe
drawingtowhichadimensionrefers. A dimensionlineisathinlinethat showswhere
ameasurement beginsand whereit ends.
POINTS TO BE CONSIDERED IN DIMENSIONING

» Eachdrawing shal usethesameunit for dl dimensions.

» Longextensionlineshould beavoided.

» Do not crossadimensionlinewith another line.

» Eachfeatureof theobject shall bedimensioned only onceon adrawing.

» All dimens onswhich are necessary to definean object or component must
be clearly marked onthe drawing.

» Dimension linesareplaced outside the drawings except in specia cases
wheremarking insidethedrawing isreadable.

» Ingenera, dimensionsshould be placed outsidetheview outline.

» Donot useacentrelineor aline of thedrawing asthecentreline.
Freehand sketching
Freehand sketchisadrawing made without the hel p of drawinginstruments.
LINES

In engineering drawing, different typesof linesare used to describedifferent objects.
Thefollowing are some of thecommonly used lines.
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1. Outline

They aredrawnintheouter edgeof an object. Thisisathick linedrawn continuousdy
without any break. They are also called object lines.

2. Dottedlines

Thislineisdrawntoindicate certain inner or hidden edge surface of anobject. Itis
drawnwithabreak at regular intervals. Thedotted lineisdrawnwith 2 mmlength at
Immintervas.

3.  Centreline

Thislineindicatesthe centre point of circlesand symmetric features. Itisdrawn
using long and short linesrespectively. Thelonglineissix or eight timeslonger than
thesmaller lineswhich are present in between thelong ones.

4., Extenson& Dimensonline

~ F

Dimensonlin€indicatesthe size of an object. Thearrow headsaredrawn on either
endsof thisline. Gap at the centre can be used to indicatethedimensional vaue.

5. Sectionlineor hatchingline

Thislineisdrawn to indicatethe cut
section of an object. Theselinesare
drawn at an angle of 40°. The spacing
between thelinesisapproximately one
to 15mm. Theselinesaredrawn lighter thantheobject lines.

6. Pointerline ¥

A light bend linewith an arrow head pointingan object is
known asapointer line.

7. Shortbreskline éf ‘g l
Thislineisdrawn to indicate unequal bordersand asmall break In astructure.

8. Long breakline

Thislineisdrawntoindicatealargebregk inastructure. It isdrawnwith zigzagline

¥
<
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GEOMETRICALDRAWING

Introduction

Thedrawing of object viewsinvolves plane geometric congtructions. It isnecessary
to have agood knowledge of plane geometry. Preparation of engineering drawings
involve number of geometrical constructions. Hence it is necessary to study
geometrica drawing. Geometrical condructionsreatingto straight lines, circles, arcs
of circles, triangle, rectangle, square, regular polygons and conic sections are
illustrated inthischapter.

POINT

A point represents alocation in space or on adrawing and generally represented by
avery small circleor asmall dot.

LINE
A lineisthe shortest distance between two points.

Typesof lines:
STRAIGHT LINE PARALLEL LINES CURVEDLINES

,,.f;_ﬁ\
E/A/ \ D
E
Dividing a line into equal parts
Dividingalineinto number of equa partsby using dividersisnot very accurate. A
satisfactory method isgiven below.
» IfthelinePQistobedividedintosix equal parts.
» Draw alinePRinclined at any convenient acute
angleto PQ.
» Makesix equal divisonsaong PR at any conve- Y23 4%
nient length startingfrom P,

» JoinQand6. Draw linesparald to Q6 throughthedivisionpointsl, 2, 3, 4
and 5 cutting

> PQatl’,2’,3,4’,and 5.

» Pointsl’, 2’,3’, 4’and S'arethedivision pointsdividing PQ into equa parts.
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ANGLES

Anangleistheinclination between twointersecting lines.
TYPES OF ANGLES

Right angle: Angleequal to 90° iscalledright angle.
Acuteangle: Anglelessthan 90°iscalled acuteangle.
Obtuseangle: Anglegreater than 90° iscalled obtuseangle.
Complementary angle:

Complementary angles arethose angleswhich together form 90°.

Supplementary angles. supplementary anglesarethose when two anglestogether
make 180°.

TRIANGLES

A Triangleisaplanefigure bounded by three straight lines containing three angles.
Thesum of thethreeinterior anglesis 180°

e Thesumof dl theanglesof atriangle
isaways180°.

 Thesideonwhichitissupposedto ﬂk
dandiscdleditsbaseandtheangles /- — £
at the base are known as base
angles.

e Thepoint wheretheother two sidesmeet iscalled avertex and theangleat the
vertex iscaled averticd angle.

e Thelinedrawn from the vertex and perpendicular to the base or base pro-
duced if necessary iscaled an dtitude.

*  Thelinejoining theangular point of atriangleto themidd e point of theoppo-
steof anangular pointiscalled theMedian.

TYPES OF TRIANGLES

) Equilateral Triangle: It’s that inwhich al thethree sidesareequal and the
threeangleareequal

ii) IsoscelesTriangle: Itisthatinwhichtwo sidesaswell astheangle opposite
tothemareequa

lll) ScaleneTriangle: It hasno sidesor angleequal. Theadtitudemay either be
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within or outsdethetriangle.

iv) ightangled Triangle: Itisthatinwhich oneangleisequa to 90° and theside
oppositeto theright angleiscalled hypotenuse,

V) Acuteangled triangleltisthatinwhichaltheangl esareacutel e.Lessthan90°.

vi) Obtuseangled Triangle: Itisthatinwhich oneof itsanglesisobtuseand the
other two anglesare acute.

SQUARE
Squareisthequadrilaterd inwhichal the

sidesareequal andtheanglesareat right " v
angles. o )
Draw asguare- given thelength of one N\ _
sde i > "

4 4 B
Draw acircleinscribed in asquare: 2 : AP ;
Draw astraight lineAB.
Draw vertical linesAM and BN fromA and B.
With A and B asthe centers draw arcs with radius of
AB, thesearcscutsAM at Cand BN at D. Join el
CDDraw two diagonals AD and BC. These two
diagonalsintersecting at O. Draw avertica linefrom <
0tothemidpoint of lineAB. Draw acirclewith O as
center and radius of OP. A -

RECTANGLE

Rectangleisthequadrilateral inwhichtheoppostesdesareequd and dl theangles
areat right angles.

Activity:-Draw arectangleof length 60mmand breath30mm.as per the procedure.
POLYGON

A polygon may be defined asaplanefigure bounded by straight lines. Itisaplane
figurebounded by morethan four straight linesand contai ning morethanfour angles.

Types of polygon

If al thesidesand angles of apolygon areequa itiscaled aRegular polygon, but
if dl thesdesand anglesareonequal, thenitiscaledanlrregular polygon.
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»  Regular polygon can beinscribed in or circumscribed around acircle

»  Thepolygonsare named according to the number of their sidesand angles.
PENTAGON
Pentagon isthat which hasfiveequa sidesand angles

Activity: Draw apentagonif agiven sideisgiven(say 35mmside)

Draw alineAB egual to 35mm.Bisectitat K and
Draw KD perpendicular toit.

Cut of KM=AB .Join BM and produceittoN so
that MN=half of AB.

With D ascenter andradiusequal toAB.Drawan o~ . ™.
acEC. N N\
WithA and B ascentersand having sameradius | x '
cut the previousAC at Eand C.

JoinBC, CD, DE and EA. ThenABCDEF isthe
required Pentagon.

HEXAGON

Hexagon isthat which has six equal sidesand angles. Draw
A hexagon of given sde(say35mmside)
Draw aLineAB equal to 35mm.

With A and B ascentersand radiusof 35mm, draw arcs

intersectingat 0.

With 0 asthe center and having 35mmradius, draw the

segment of acircle.

WithAB asradius, cut thesegmentat C, D, Eand F.

JoinBC, CD, DE, EF and FA. Then ABCDEF istherequired regular hexa-
gon.

CONIC SECTIONS

Conic sectionsarethe curves obta ned by theintersection of aright circular coneby
aplaneat different angles. Ellipse, parabola, and hyperbolaare the curvesthus
obtained and hence are call ed the conic sections or conics.
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L} A @ HYFERBOLA

Draw an ellipse of major axis 80 mm and minor axis 50mm in concentric
circlesmethod

[)  DrawAB (80mm) and CD (50mm) the mgor and minor axesperpendicular to
each  other cutting at O.

2) WithOascentre, draw two concentriccirclesof diameter 80mm and 50mm as
shown

3) Drawradial lines OE’,E, OF, F etc. at con-
venient angular intervalsof say 30°.

4) From pointsE,F etc. onthemajor axiscircle,
draw lines perpendicular to the major axis
AB. From pointsEl Fl etc. ontheminor axis
circle, draw lines parallel tothemajor axis.
Theintersectisof perpendicular and pardle
linesfrom pointsonthe sameradia linewill
fix apoint ontherequired dlipse.

(5) Draw agraceful curvethrough thesepointsto definetheellipse.

Draw an ellipse of major axis 70mm and minor axis 45mm in concentric
circle method.

Draw an ellipse of major axis 70mm and minor axis45mm in concentric circle
method.

Draw an ellipse of major axis 70mm and minor axis45mm in concentriccircle
method.

EXTENDED ACTIVITIES
a Multiplication of two 8 bit numbers
b) Divisionof two8hit numbers.
c) Interfacing of DC Motor with PWM speed control
d) Sendingdata to PC through RS232
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LIST OF PRACTICALS:
Part A

1.

2.
3.
4

© 0 N o O

Installation and Familiarization of MPLab
Familiarization of PIC microcontroller
Familiarization of PIC microcontroller kit
SimpleProgramsinALP

€) Addition of two 8 bit numbers

f) Subtraction of two 8 bit numbers

Code conversion—ASCII to HEX and vice versa
Tofind thelargest/smallest of three numbers

To sort the given numbersin ascending/descending order
Programto generatetime delay

Squarewave generation

Part B

1. INSTALLATION AND FAMILIARIZATION OF SIMULATION
SOFTWARE (PROTEUS).

LED Interfacing (LED blink and rotate)
Interfacing of 10 bitADC withLM35
LCDinterfacing

Interfacing of Stepper Motor
Interfacing of DC Motor H bridge

N o a s~ WD

Simple projectson Robotics- The project isto be done by each student
individualy by simulating the circuit in Proteus and PCB made using the
samedircuit.

(Note: A minimum of Six experimentsfrom Part A and four Experimentsfrom Part
B aretodonein Lab Session).
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MODULE IV

WIRELESS COMMUNICATION AND
MOBILE TECHNOLOGY

Over view

Wirdesscommunication isthe trandfer of information between two or morepoints
that are not connected by an eectrical conductor.

Themost commonwirelesstechnologiesuse radio. With radio wavesdistancescan
be short, suchasafew metersfor televison or asfar asthousandsor even millions
of kilometersfor deep-space radio communications. It encompasses vari oustypes

of fixed, mobile, and portable applications, including two-way radios, cellular
telephones, persona digital assistants (PDAS), and wireless networking. Other
examplesof applications of radio wirelesstechnology include GPS units, garage
door openers, wireless mice, keyboards and headsets, headphones, radio
recavers, saelitetelevison, broadcasttelevision and cordlesstel ephones.

Somewhat |esscommon methods of achieving wirel esscommunicationsincludethe
useof other dectromagnetic wirelesstechnologies, suchaslight, magnetic, or eectric
fieldsor theuse of sound.

Thetermwireless hasbeen usad twicein communicationshigtory, with dightly different
meaning. It wasinitially used from about 1890 for thefirst radio transmitting and

receiving technology, asin wirelesstelegraphy, until thenew word radio replaced
it around 1920. Thetermwasrevived inthe 1980sand 1990smainly to distinguish

digital devicesthat communicate without wires, such astheexampleslistedinthe
previousparagraph, fromthosethat requirewires. Thisisitsprimary usagetoday.Over

theyears, we have seen remarkablegrowth of cellular communication over radio.

With ever increasing subscriber base and limited radio resource, providing quaity

telecom services becamedifficult. Theseissuesled mobile service providersto

researchintotechnologiesand improvethequality of serviceand beableto support
moreusarsintheir sysems. Therefore Cdlular communication hasbeen continuoudy

evolving into newer forms. Here’s a brief look into it.
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UNIT : I- Radio Communication

INTRODUCTION

Thisunit deal swith the basi ¢ radio communication syssemsasAM, FM and PM .In
radio communication, radiowaves carry information such assound, by modulating
some property of el ectromagneti c energy wavestransmitted through space, such as
amplitude frequency or phase. When radio waves strike antenna, the oscill atory
fieldsinduce an dternating current in it and theinformation in thewaves can be
extracted and transformed back intoitsinitial form. Then the unit also deaswith
AM transmitter, receiver, FM transmitter and receiver.

LEARNING OUTCOMES
Thelearner;
Explain communication system.
Explainfrequency spectrum and frequency band alocation.

Explain electromagnetic wave propagation —ground wave, sky wave and
Spacewave.

Explain modulation and itsneed.

ExplanAM, FM and PM.

ExplanAM recever and tranamitter.

Explain FM receiver and tranamitter.

ExplainAM detector.

Understand basic concepts of Antenna.
Communication

Transmission of information (audio, video or data) from asourceto receiver through
amediumisknown ascommunication. Medium can either bewireor wireless.

For wirdl esscommunication, modul ationisamust.
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Electromagnetic Waves

Wavelength (A)

Figure 1

Electromagnetic Wave
<+— Magnetic Field (B)

Eectromagnotic Wiveg
—

e T

Electric and magnetic fields perpendicul ar to each other and the direction of
propagation of thewave

Thesewavesareformed when e ectric field coupleswith magneticfield
TheVeocity of eectromagneticwaveinvacuumis3 xx 16 m/s

The existenceof mediumisnot essentia for propagation (it cantravel through
vacuum)

Invacuum, E.M wavestrave withlight velocity.

E.M waves can bepolarized.

E.M wavesaretransversein nature.

Thereisno deflection on account of magnetic or electricfield.
They can exhibit diffraction and interference.
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*  Examples: Radio waves, Light waves, thermal radiation, X ray, visiblelight,
microwave, infrared, gammaraysetc

Polarization refersto the direction of electric field of the electromagnetic wave
radiated from theantenna. In the case of horizontaly polarized wave, dectricfiedis
inthehorizonta directionandinthecaseof verticaly polarized wave, ectricfiddis
intheverticd direction.

Horizontal polarization is adopted in television and FM broad cast while AM
transmisson adoptsvertica polarization.

Electromagnetic Frequency Spectrum

The Electromagnetic spectrum consists of all the possible frequencies of
electromagneticradiations.

Thedectromagnetic (EM) spectrum istherangeof all typesof EM radiation
Thefollowing arethetypes of Electromagnetic Wavesin the spectrum:
1. RadioWaves
Micro Waves
Infrared Rays
VisbleLight
Ultraviolet
Xrays

N o a s~ WD

GammaRays

THE ELECTRO MAGNETIC SPECTRUM
Wavelength

(rrwetres)
Ha oo Pl T oord A bt rarec Vsl e Lt celet X-Ray Gamma Ray
1

10+ 1oL e i) 1noe 10 1010 10 1<

S AVAVA A

Frequency
8 Fa

I ]

100 102 mniz ' 1015 1q's 108 1020




Reference Book [}

Roio ' [I e ] \{ n) [tr oo i‘l (“.d‘-.-j;.'_‘. ':.?) -t-J 1“;1.'-] ‘l r'n,) I:i*\nw 1] H\

OOLE iy CENL e

. --"\v/"‘\/‘\/\/www Vi

J
fh {a T T L Lhndoe a e, Ad v, Aot Nhus b=

Radio: Radio capturesradiowavesemitted by radio stations, bringing your favorite
tunes. Radiowavesarealso emitted by stars and gasesin space.

Microwave: Microwaveradiationwill cook your popcornin just afew minutes,
but isalso used by astronomers to learn about the structure of nearby galaxies.

Infrared: Night visongogglespick uptheinfrared light emitted by our skinand
objectswith heat. In space, infrared light helpsusmapthedust between stars.
Visble: Oureyesdetect visble light. Fireflies, light bulbs, and starsdl emit visible
light.

Ultraviolet: Ultraviolet radiationisemitted by the Sun and isthereason skin tans
and burns. “Hot” objects in space emit UV radiation as well.

X-ray: A dentist usesX-raystoimageyour teeth, and airport security usesthemto
seethrough your bag. Hot gasesinthe Universe asoemit X-rays.

Gammaray: Doctorsusegammarray imagingto seeinsideyour body. The biggest
gammearray generator of dl istheUniverse.

Activity
Writedown thefrequency range of thefollowing waves
1. RadioWaves
2. MicroWaves
3. Infrared Rays
4. VisbleLight
5. Ultraviolet
6. Xrays
7. GammaRays
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4.1.3 Electromagnetic Wave propagation

Radio signal s are electromagnetic waves that
radiatesthrough free space with theve ocity of
light.

There are three methods by which wave
propagation takes place. They areground wave
propagation, sky wave propagation and space
wave propagation.

Ground Wave Propagation

Inthistype of propagation, theradiated el ectromagnetic waves are guided by the
conductive surfaceof the earth. All medium wave broad casts of frequenciesbelow
1500 KHz are carried out by ground wave

propagétion. Ground Wave Propagation
Sky Wave Propagation g
Most radio communicationin short wave bands
up to 30
borosprere MHz are o (i A
P qﬂ;/,.-’\,_ % "_H“H_ carried out
d T g ”’Q; by sky waves. When such waves are

transmitted high upinthe sky, they travel in
straight line until ionosphere is reached.
lonosphereistheregion which beginsabout
120 KM above the earth’s surface and
contains large concentration of ions, free
electronsand water molecules. Theseionsand water molecules bendsthewave
back to earth.

Space Wave Propagation

Propagation of radio waves above 40MHz isnot possible by ground wave or sky
wave propagation. In space wave propagation, thewaves are transmitted straight
from thetransmitting antennato the receiving antenna. Sincethemaximum rangeis
limited to theline of sight distance between thetransmitter and receiver, itisaso
known aslineof sght transmission
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Modulation: The process of mixing intelligence signal (audio/video or
data)(modulating signa) with ahigh frequency carrier waveiscaled modulation.
Theresultant waveisknown asmodul ated wave.

Recovering theorigind information from themodul ated/transmitted signd iscalled
demodulation.

AT e TeCPhT
transmitting aerial 4 7 receiving aerial
mactophone
tuned :
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Need for Modulation

1 If modlul aionisnot done, thelength of thetransmitting antennawoul d bevery
large (;wavelength)

2. If modulationisnot done, theintelligencesignal cannot betransmitted over a
largedistance.

3. Modulation alowssevera broadcasting Sationsto transmit s multaneoudly at
different carrier frequencies

Theeffect of noiseand interference can bereduced much
Wirdesscommunication possibleonly at highfrequencies.

It permits multiplexing by which several signals can betransmitted over the
samechanne without any mixing.

During themodulation process, the amplitude, frequency or phase of the CARRIER
SIGNAL ischanged in accordance with theamplitude (strength) of themodulating
sgnd.

Amplitude Modulation

If theamplitude of thecarrier sgnd ischangedin accordancewith the strength of the
modulating sgnal, themodul ationistermed asAmplitudeM odulation (A.M). Here,
thefrequency of the carrier waveremains unchanged.
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Frequency Modulation, FM

If thefrequency of the carrier signal ischanged in accordance with the strength of
themodulating signal, the modul ation istermed as Frequency Modulation (F.M).
Here, theamplitude of the carrier wave remainsunchanged

.
Carricr Wave (no modulation)
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Phase modulation

If the phase of thecarrier signal ischanged in accordance with the strength of the
modulating signal, the modul ation istermed as Phase Modulation (PM). Here, the
amplitude and frequency of thecarrier

. Carrier \NANAAANAARARARARAAARARAL
waveremainsunchanged. wave TUTTVVVRVVUVVVUVTVVVVTUVY
Bandwidth: Theprocess of amplitude Signal :

. . . wove £
modulationresultedintheproductionof . 3 ”
some additional frequencies. Thenew  ~odvlated =7 ."d!f A ATRYRVATATH ]

WOYE

frequencies arethe sum and difference
of carrier frequency and themodul ating
frequency and are called side bands. Thehigher frequency isknown asupper side
band (USB) and the lower
frequency is the Lower Side
Band (LSB)

F.M Band — 88 MHz to 108

MHz

For F.M radio stations, FM
maximum frequency deviation
possibleis75KHz.

AM FM
1 Carrieramplitudevaries Carrier amplituderemains constant

2 Carrier frequency remainsconstant | Carrier frequency varies
3 Amplitude of the signal changesthe| Amplitude of thesignal changesthe

AM

amplitude of thecarrier. frequency of thecarrier

4 Operatingrangeissmal Operating rangeislarge

5 Highnoise Noiseless reception (pre-emphasis
and de-emphasis)

6 Moreadjacent channel interference | Lessadjacent channel interference

7 Moreco-channel interference Lessco-channel interferenceasguard
band isavailablebetween channels

8 Lesstrangmitter efficiency SlEre T e e sy

9 Broad cast frequency - 540-1650K Hz | 38 - 108 MHz
Space Wave

10 Propagation - Ground Wave

11 Areaof receptionis more because of
theground wave propagation.

Areaof receptionisvery muchsmdler
asthereceptionislimited to line of

sght
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AM receiver and transmitter
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TheRFamplifier sdectsthedesired sation from themany avail ablein theatmosphere
and amplifiesthesesignads(Tuning).

The sdl ected frequency isapplied to the mixer. Usudly, mixer isatrans stor

Oscillator produces carrier waves. Frequency generated by loca oscillator isaways
455K Hz abovethe frequency of the station selected by RF stage.

The output of an oscill ator isa so applied to the mixer.
Themixer and oscillator form aFREQUENCY CHANGER circuit.

Theoutput from the mixer consistsof different frequencies(fc, fo, fo+fc and fo-fc)
Thel.F (fo-fc) isafixed frequency of about 455 kHz.

TheMixer outputisfedintothelFamplifier. Thisamplifier sdlectsIF (fo-fc) (455K Hz)
andamplify thesesignds.

The advantage of the IF amplifier isthat itsfrequency and bandwidth arefixed
Theamplified IF signal isfed to the demodul ator.

Thiscircuit recoverstheaudio signa fromthemodulated signdl.

Some of the audio isfed back to the IF amplifier asan AUTOMATIC GAIN
CONTROL voltage.

Thisensuresthat whiletuning from aweek stationto astrong one, theloudnessfrom
the loudspeaker staysthe same. A simple AGC circuit devel ops anegative bias
voltagefrom detector stage. Thisvoltageisproportiona to the strength of theaudio
signa ddlivered by the detector. AGC circuit feedsthevoltageto the I F, mixer and
RF stagesto control their amplification.

Theaudiosigna voltageisincreasedin amplitude by avoltageamplifier.

The power level isincreased sufficiently to drive the loudspeaker by the power
amplifier
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Disadvantages of AM receiver

1. Amplitude modulation of a
signal gives rise to 3 signals—
carrier, upper side band and !
lower side band. Half the  wecpoe 70
transmitted power iswasted & |
incarier.

2. Since same information is
present in both side bands,
thebandwidth of thetransmit-

tedsigna isawaste, ig, 2fsVfs.

3. Commonformsof radiointerference areamplitudein nature. Thesedistortions
can eadly affect amplitude modulated waves.

THE AM TRANSMITTER

The microphone converts sound wavesinto el ectrica signas(arangeof 20Hz to
20kHz).

Thesesigndsareamplified by theaudio frequency amplifier.
Thecarrier frequency isgenerated by theradio frequency oscillator.
Theaudio issuperimposed onto the carrier by the modul ator.

Thelow power modulated carrier isboosted in amplitude by the radio frequency
power amplifier.

Theaeria producesan € ectromagnetic wavewhich isradiated into space.

THE FM TRANSMITTER

—
aernal j__

microphone Audio frequency

B e , modulated R powa

oscillator amplfier

The microphone converts sound pressurewaveto eectrica signas.
Theseaudiovoltagesareamplified by theaudio amplifier.
Theamplified audio isused to control the deviation of the frequency controlled

oscillator.
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Theoscillator frequency isat the carrier frequency, in the 88-108 MHz FM band.
Thelow power of thefrequency modul ated carrier isboosted by the Radio Frequency
amplifier.

Theaerid isdriven by theamplifier and produces an € ectromagnetic wave.

F.M RECEIVER

The FM band covers 88-108 MHz.

The RFamplifier sdectsthe desired station from theatmosphereand amplifiesthese
sgnas(Tuning).

The selected frequency isapplied to the mixer.

The output of an oscill ator isa so applied to the mixer.

Themixer and oscillator form aFREQUENCY CHANGER circuit.

|Antenna Loud

] .N-'V . ' e Speaker
RF A A M- L) IF Amp lad FM bad ¢ a!e Lol Ower
" wer Demodulator  Amplifier = | Amplifier L

Oscillator| ‘ AFC

Some of theaudioisfed back to the oscillator asanAUTOMATIC FREQUENCY
CONTROL voltage.

Thisensuresthat the oscillator frequency is stablein spiteof temperature changes.
Theaudiosigna voltageisincreased in amplitude by avoltageamplifier.

The power level isincreased sufficiently to drive the loudspeaker by the power
amplifier

AM Detector

Thereverse process of modulation is called demodul ation or detection.

Demodulation isthe process of recovering modul ating wave from the modul ated
wave. Semiconductor diodes arethe most common device used for demodulation
forAM sgnals.

During the positive half cycles of the modul ated wave, the diode conductswhile
during negative half cycles, it doesnot. Theresult of thisrectifying action isthat
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output of thediode consists of positivehaf cyclesof modulated wave. Therectified
modul ated wave containsradio frequency and thesignd. The RF componentsare
filtered by the piefilter network. Output will bethemodulatingsignal asshown

The high frequency carrier
Input: Amplitude Modulated Rectification is the first signal is filtered out, leaving
carrler frequency signal stage of detection. the low frequency signal
W - ATk - which modulated it.
-

Ae A, PN

Audio frequency
output signal.

[ ]

FI © rhe output filter has a time
constant that s oo long
to respond to the high
frequency carrier, but short

| \ / | Resistor

x

Transformer, Capacitors for [
made up of filtering action. ="
Inductors.

IF of AM receiver is 455KHz, where as IF of FM receiver is 10.7 MHz.
Antenna

Diode

enough to follow the
o peried of the signal.

* Anantennaisadevicethat ismadeto efficiently radiate and receiveradiated
€l ectromagneticwaves.

* Anantennaisaneélectrical conductor or system of conductors.
*  Transmission - radiates el ectromagnetic energy into space
e Reception - collectselectromagneti c energy from space.

e Intwo-way communication, the same antennacan be used for transmission
and reception.
Directivity: Ability of an antennato receive signalsfrom one direction and to
reglect signa scoming from other directionsisknown asdirectivity. TV transmitting
antennasarenon directiona (Omni directional) whereasreceiving antennasare uni
directiond.
Activity

In the following pictures show some commonly used antennas. Find out its
its name and its application

W./

Antenna Types

b/‘ W
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Current

“----_.Voltage

- Feeder

ASSESSMENT ACTIVITIES

1 .Worksheet on e ectromagnetic wave sprectrum.
2.

Wave Frequency Range
Audiofrequency

Medium Frequency
Microwave
Infrared

Infrared
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3. Chart on FM radioreceiver

4. Prepareareport after afield visitto nearby FM / AM station
TE Questions

1. What aretheneedsof Modulation?
Definemodul ation.
CompareAM and FM
Draw the block diagram of FM radio receiver and explain.
Explainthe propagation of EM wave.
What isan EM wave?
Writethe nameof threetypes of antennasand write down
Whereitisused.

N o g b~ DN
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UNIT II
Satellite Communication

Introduction

One of the major applications of satellite is in the field of communication.
Communi cations satel lite provides communi cati on between to remote areas of the
earth. Inthisunit, weare going through thebasi ¢ principleof satellitecommunication,
frequency bands, Earth station transmitter and receiver and a so thetechnologies
behind DTH & GIS. In addition we are giving special emphasis on the role of
communication systemsin managing disasters .Herewetried to depict the tepsto
befollowed before during disasters based on communication gadgetslike HAM
Radio. Intheend abriefing on Indian remote sensing satellites (IRS) isalso given.

— —_; Satelite
—

Uplink Downlink

X

Learning Outcomes

Thelearner;
Explanssate litecommunication.
Explainsgeosynchronoussatdlite.
Explainstrangponder.
Explainssadlitefrequency bands.
Explainsgenerd structureof satellite communication system.
Explainscommunication during naturd disaster.
ExplansIRSsadlite.

SATELLITE COMMUNICATION

Features

* Meanstoreachisolated placeson earth.

*  Andternativeto sub oceanic cables
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*  Longdistancedomestic, telephone, i
televisonlinks Panels

Iranemitter and
Traramit Antenna

* TV andmusicbroadcasting facili- Receives and

Receive funtenna
ties

o Datafacility—interlinking computer
terminasevery where

»  Satellite receives radio signals, ﬂ&‘\\ //ﬁ‘
changes their frequency and re- _ -
transmitsthem Nt — Station

»  Signal propagation delay of about
270mS

A communicationssatellite (sometimesabbreviated to comsat) isan artificial
satellite stationed in spacefor the purposes of telecommunications.

o ‘\\ L5 GaneTamansey
e : - L CEMAALSILLTYE H
R - T BATEGATE

e

lI 1 ,'- M
| . + i N
1 [} ,-;-'I.'. - o
i ,
[

Communicationssatellitesare often in geostationary orbit. At thehighorbitd dtitude
of 36,000 kilometers, ageodtationary satellite orbitsthe Earthin the sameamount of
timeit takesthe Earth to revolveonce. From Earth, therefore, the satellite appears
to be stationary, aways above the same areaof the Earth. Theareatowhichit can
transmit is called a satellite’s footprint

Satellitecommunicationiscarried out at frequenciesin the microwave band from
3GHz to 30 GHz. At ultrahigh frequencies, the atmosphere no longer actsasa
barrier and the signals are able to travel out into space and back without any
obstruction, absorption or reflection.

Geo stationary satellites
»  Satellite almost stationary relative to earth — ﬂ/mgf I ovaems,
fixed antenna. Expengvetracking not required. / gl % \

«  Not necessary to switch fromonesatelliteto | / d\\ ]
|

another s
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*  Nobreaksintransmission.
*  Largenumber of earth stations may inter communicate.
»  Threesatellitesgivecoverage
*  NoDoppler shift
Disadvantages
» Excessivetimedday of about 120 msinoneway
* Nocoveragein polar regions
» Satdlitesneed heavy propulsion deviceson board to keep theminafixed
orbit
» Additiona power requirementsfor spacecraft andterminals

An uplink (UL or U/L) is the portion of a communications link used for the
transmission of Sgnasfroman Earthtermina toasadlite Anuplink istheinverseof
adownlink

A downlink (DL) isthelink from asatelliteto aground station.
Uplink frequenciesfor communication satdlitesareintherangeof 5.9t06.4 GHz.
Downlink frequenciesareintherange 3.7to 4.2 GHz.

Both the uplink and down link frequencies are made different in order to avoid
interference between thetwo.

Uplink frequency iskept more than downlink frequency because the atmospheric
absorptionismoreat high frequency. Downlink frequency iskept low to minimize
thetransmitting power fromthe satdllite.

Transponder

A satellitetransponder isacircuit on a satellite that receives, modulates,
amplifiesand re-transmitsan uplinked signal. The transponder includesthe
receiving antennato pick-up signalsfrom the ground station, abroad band receiver,
aninput multiplexer, and afrequency converter whichisused to reroutethereceived
sgndsthroughahigh powered amplifier for downlink

Satellite Transponders
Loav Molse | | rraquancy L Hgh Povar
amplifier | Craryvertor Amplifier
: : "
ﬂ( )
A

|

{

L]
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Satellite frequency bands

Band Applications
C Domestic, point to point ground station
X Mobile, radiorelay, Military
Ku Broadcast and fixed point service
Ka Commercid, Military
Vv Intersatellite

TheCbandisthemost frequently used. TheKaand Ku bandsarereserved exclusvely
for satellite communication but are subject to rain attenuation. Some satellitescarry
transpondersfor both C and Ku bands.

C-band

C-Band (3.7 - 4.2 GHz) - Satellites operating in thisband can be spaced asclose
astwo degreesapart in space, and normally carry 24 transpondersoperating at 10
to 17 wattseach. Typical receiver antennasare 6to 7.5 feet in diameter.

Virtualy every cable programming serviceisddivered viaC-Band.

C band Vs KU BAND

C-band wasthefirgt band to be used for satellite communication systems. However,
whentheband becameoverl oaded (dueto the samefrequency being used by terrestrid

microwavelinks) satd liteswere built for the next avail ablefrequency band, the K u-
band.

- Ku-band istypically used for broadcasting.

TheKubandisaportion of the e ectromagnetic spectrum inthemicrowaverange of
frequencies ranging from 11.7 to 12.7GHz. (downlink frequencies) and 14 to

14.5GHz (uplink frequencies).
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Ku band (14GHz uplink, 12GHz downlink)
e Smdldish
e Compact earth station
* Ranatenudion
* PopularinUS, Japan, EU.
C band (6GHz uplink, 4GHz downlink)
e Lagedish
» Bigfadlity
* Lessrainattenuation
e Popularinrainy area.
The Ku-band frequency range is alocated to be exclusively used by satellite
communication systems, thereby eliminating the problem of interference with

microwave systems. Dueto higher power levelsat new satellitesKu-band alows
for sgnificantly smaller earth station antennasand RF unitsto beinstalled.

C-Band

Advantages:
* Lessdisturbancefromheavy rainfade
»  Chegper Bandwith

Disadvantages.
* Needsalarger satellitedish (diametersof minimum 2-3m)
e Poweful (=expensve) RF unit
* Moreexpensivehardware
» Possblelnterferencefrom microwavelinks

Ku Band (Kurtz-under band)

Advantages:
* Nointerferencefrom microwavelinksand other technologies

*  Operateswith asmaller satellite dish (diametersfrom 0.9m) -> cheaper
and moreeasy instdlation

* Needslesspower -> cheaper RF unit
Disadvantages:

* Moreexpensivecapacity
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» Sendgtivetoheavy rainfade (significant attenuation of thesignal) / possibly
can be managed by appropriate dish sizeor transmitter power.

Earth Station

Anordinary television recelver cannot receive programsdirectly from down link
signa sbecausethefrequency rangeused for satellitetransmission isdifferent from
land basetransmission. So separatereceiversarerequired to receivesignascoming
from satellites. Also since signal sreaching earth from satellite are very weak and
thereforeadish antennaisrequired to collect thesesignals

General Structure of Satellite Communication System

t;att’ilile

Uplink 7/ Dow nlink

| Farth _ Y “y,_ Earth

| Station : Station

Terrestrial Terrestrial

system system
User | User ‘

The user generates the base-band signal that is processed and transmitted to the
satellite a theearth station. Thus, the satellite may be thought of asalarge repeater
in space that receives the modulated RF carriersin its up-link (earth to space)
frequency spectrum from al the earth stationsin the network, amplifiesthesecarriers
and re-transmitsthem back to the earth in the down-link (spaceto earth) frequency
spectrum whichisdifferent from the up-link frequency spectrumin order toavoid
theinterference.

Thesignd at thereceiving earth stationis processed to get back the baseband signal
whichisthen sent to the user through aterrestrial network.

Uransoutler

Baseband 1 m .
sional 1 Encoder 1 Modulator ! Up converter —1 High power
S5 | J amplifier
nput
Polarized | _/Antenna
duplexer
Recever
Baseband [ 1. 1
signal < Pecoder | “{De-modulatork

output

| Down L Low noise
converter amplifier




Reference Book [}

The baseband signal from theterrestrial network enters the earth station at the
transmitter after having processed by the baseband equi pment.

After encoding and modul ating the baseband signal, it is converted to the uplink
frequency.

Thenitisamplified and directed to the appropriate pol arization port of the antenna
feed.

Thesgnal recaived fromthe satdliteisamplifiedinalow noiseamplifier firs andis
then down converted to the downlink frequency. It isthen demodul ated and decoded
and thentheorigind baseband signd isobtained.

Theisolation of low noiserecaver fromthe high power tranamitter isof much concern
inthedesign congderation of earth sation. Theremay dso besatellite/earth termina
mutua interferenceeffects. Other sourcesof interferenceinclude ground microwaves
relay links, sun transit effects and inter-modul ation products generated in the
transponder or earthterminal.

Activity
Matchthefollowing
" Band Applications )
Vv Domestic, point to point ground station
X Mobile, radiorelay, Military
Ka Broadcast and fixed point service
Ku Commercid, Military
C Intersatellite

How to communicate during a natural disaster?
Natural disaster preparation isvery important

and it has to be done in advance especially

whenit comesto communication.

»  Trytohaveabattery operated phoneor
onethat hasaback-up systemthat works
with batteries. Also make surethat the bat-
teries are charged and keep a sparein
the house for emergency cases. Check
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them periodically to make sureeverythingisin order

»  Make sure your cellular phone is charged and an extra battery wouldn’t hurt.
In casewire ess connection still worksafter anatural disaster, youmay needto
usethephone many times.

*  Therearestuationswhenthe power goesoff but secure Wi-Fi isstill available
S0 you can get online and read news about the disaster or send e-mailsand
chat with loved ones. That’s why it is important to charge your tablet and your
laptop too. In case of need, you can recharge your phone battery from your
laptop usingan USB cable.

« A smpleradio device can savelives. Soif you have one, regardiess of its
power source (battery, solar or hand-cranked) you must keep it close. News
agencies and radio channel s broadcast during anatural disaster in order to
keep peopleinformed. Thisway you know if the danger is over or if you
should continueto stay inthe shelter. Also, you can find out news about missing
personsand other emergencies.

» Ifthereisanatural disaster and you still get network and Internet, don’t oc-
cupy thelinewith voice callsunlessyou have an emergency. Duringtimeslike
this people need to call emergency services and lines become extremely
crowded. If you have service and Internet send atext or an e-mail to your
loved onesand leavethevoicelinefree.

»  Don’ttryto call the emergency line if you don’t have an emergency. Usually, in
caseof disaster, authoritiescreate specid linesfor non-emergencieswhereyou
cancdl andfind out information.

« If youhavealandlineat homethat supportscall forwarding you should con-
Sder forwarding cdlstoyour smart phone Thisway, evenif you haveto evacuate
you can take on callsfrom your home.

* Incasethepower isdown and your smart phonejust died you can chargeit
fromyour car if you haveacar charger.

A communication system during disaster isextremely important and if you arelucky
enough to have a working phone don’t waste it’s battery on activities that are not
important like games and watching videos. The best Emergency Communication
System or ECSmust have thefollowing attributes:




Reference Book [}

i
> juarters.
y _—
Siia Flow of disaster

/ Land Station g information (image)

nnnnnn
- = o
C -3 .

Timeefficiency and speed —when a catastrophe takes place, people need

to takeimmediateaction. In order for thisto happen they must beinformedin
time about emergenciesand bad situations. Affor dability - A good communi-
cation system must be affordablefor thelargepublicin order to beuseful. Inan
emergency situation, it’s no help to know that there is a very good, high-tech

ECS on the market when you don’t own one.

Sender and receiver — Wheninan emergency situation, one needsnot only
to send out notifications but dso to receiveinstructionsviathe ECS

Using Radio Waves

Radio waves are transmitted based on Earth’s ionosphere which makes them the
perfect candidate when it comesto communi cating during the worst scenarios of
natura disasters. Theonly disadvantage might bethefact that most of them operate
on power but they al so have back-up systemsusing batteriesor solar power.

1.

Short-waveradio which can beused to transmit messagesto anyonewho
hasthe required equipment to receive.

Weather radio isthedeviceyou want to have around during tornado or hur-
ricane season. Thisdeviceturnson automatica ly when thereisan emergency
broadcast |etting everyone know thereisabad weather dert.

Two-way radio operateson asevera milesrange and consistsof two devices
capableto send and receive messages. They are quite small and very easy to
use.

Public Devices

Public devicesare meant to warn asmany people aspossbleat thesametimeusing
visua and/or audio signds. Thus, we have:
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*  Digita dectronicsignon LEDsyoufind on public advertisement panels, sub-
way notification panels, and soon;

»  Electronicsignageusing LCD TV sand monitorsin public spaceslike hospi-
tals, bars, coffee shops, stores, and so on;

e Giantvoicesysemsthat areusualy on public buildingsused to announce people
intheclosevicinity to take cover.

Satellite communication system

Communicationtowersusudly get destroyed during thesekinds of Situationsleaving
peopleinthedark without any possibility of contacting theauthoritiesand asking for
help. Thisiswhere satellite communi cation entered the scene. They present aseries
of advantagestowardsterrestrial communication but themost important advantage
isthefact that they work whilefloating around our planet whereno wind, water or
firecan reechthem. Therearetwo maintypesof satellitecommunication that someone
could usein case of emergency: Geostationary Satellite Systems (GEO) and Low
Earth Orbit Satellites (LEO).

GEO support afull range of communication serviceslikevoice, broadband data
and video and they arelocated at 36.000 km aboveour planet. They sitinafixed
position and usualy are owned by acountry or an organi zation responding to specia
(fixed or mobile) equipmentslocated on Earth (antennasand mobileterminals).
LEOs are(asthenamespecifies) situated on thelow orbits between 780 and 1500
km and they are used to deliver low speed data and voice. They are easier to
contact usngamobileunit, thesizeof acdlular phone. Thefact that terrestria units
are so easy to carry allowsrescueteam to use these satdllitesin any situation.

1. Handhedd - phone satellites that work using a mobile satellite provider. This
typeof deviceisaffordableand very intuitiveto use.

2.  Terminalsfor communicationson themove —aslightly bigger equipment
that is usually operated from inside a car (you’ll need one to transport it).

3. Fixed satellite communications — big equipments that are best to be in-
stalled before the disaster strikes, inan areanear the endangered zone.

4. Communication Networksof Govt. of India

Thetwo maor networksrunby Govt of IndiaareNIC (Nationa InformaticsCentre)
and BSNL

NIC functionsthroughanationwideinformati on and communi cation technol ogy known
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aSNICNET. Secretariatsof dl Statesand Union Territoriesand District Collectorates
are connected through thisnetwork

Different modes of emergency communicetionare,
Radio Communication
1. Wirdessradio communication network
2. Amateur radioor HAM
Satellite based Communication System
1. Geo- Stationary Satellites
2. Sun- Synchronous Satellites
3. SatPhones
Amateur Radio (HAM)

User of HAM should follow certain frequencies as defined by International
Telecommunication Union. In India, HAM radio is
controlled by the Wireless Planning and Co ordination
Wing of theMinistry of Telecommunication.

* Rulestobefollowed by HAM Radio Operator

*  Frequenciescan beused only for research, edu-
cation and persona use

* Frequencies cannot be used for Commercia Purposes
* HAM radiorunsin batteriesand can be easily used in disaster manage-

HAM radio operatorsareusually caledasHAMS
Hams are expected to help the Govt during
emergencies

Hamsuse Satellitesfor communication

ISRO hasdeveloped HAMSAT, amicro satelliteto
provide satellite based servicesto HAM operators
inindiaand al over theworld
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IRS (Indian Remote Sensing Satellites)

Indian Remote Sensing satdllites(IRS) areaseriesof
built, launched and maintai ned by Indian Space Rese:
series provides many remote sensing servicesto India

IRSistheintegrated L EO (L ow Earth Orbit) dement
Natura Resources Management System) with theobje
space borneoperational capability to Indiafor the obs
the country’s natural resources (applications in agriculture
and flood monitoring, marinestudies, snow studies, and land use). Theintend of the
programisto create an environment of new perspectivesfor the Indian research
community as awhole, to stimulate the development of new technologies and
applications, andto utilizethe Earth resourcesin more meaningful ways.

Note: The INSAT system is India’s GEO (Geosynchronous Earth Orbit)
eement, providingfor s multaneousdomestic communi cationsand earth observation
functions.

Assesment Activities

1. TheSatelitebased communication system aremorereliablein caseof large
scale natural or manmade emergencies. Makeareport onthisand explain
how thedternative communication systems help such situations.

2. Preparealist of thegeostationary satelliteslaunched by Indiawith the year of
launching.

TE Questions
1. What isageostationary satellite ?
2. What isatransponder ?
What arethe advantagesof GIS.
Explainthe modesof emergency communication.
What are the advantages of satellite communication.
The coverage area of asatellite is called
Down link frequencies are in the range from to GHz.
DTH stands for
GEOis orbit.
10. How isamateur radio different from the common radio communication?

© o N o g b~ W
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Unit : 3 - DATA Communication

Introduction

Modern eraenvisagesthe application of digital technology in all fieldsincluding
communication. Thisunit will guideyoutothroughthe
basicsof digita communication anditstypes. Different
transmission medialiketwisted pair, co-axia cable, wave
guidesand optical fibersand datatransmission through
thesemedium areclearly illustrated here.

LEARNING OUTCOMES
Thelearner;
Understandsabasi cideaabout the conceptsof digital communication
Differentiatesbetween amplex, haf duplex and full duplex communication
Understandsthe advantages of digital communication.
Understandsand explain ASK, PSK,FSK and PSK

Explains different transmission mediums — Twisted pair, Coaxial Cable,
Waveguide, Optica fiber anditsphysica description.

Introduction to digital communication

Thereare 2 types of source and they aredigital sourceand analog source.

Indigital communication, thetransmission of informationisdoneindigital form. If
thedatasourceisnot digital, it needsto be convertedto adigita form. Thesignal is
sent from transmitter through achannd tothereceiver. Receiver de-crypt thedigital
signal and producesuseful output that isorigina informationsignd.

Digital Communication System

-‘-'--*.-‘-q

&
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1. SourceandInput Transducer:

Sourceof information can beanaogor digita. Indigital communication, thesignal
produced by source should be converted into digital signal consisting of 1’sand 0’s.
For this, we need a source encoder.

2. SourceEncoder

Source Encoding or DataCompression:  the process of efficiently converting the
output of wither analog or digital sourceinto asequenceof binary digitsisknown as
sourceencoding.

3. Channd Encoder:

Theinformation sequenceis passed through the channel encoder. The purpose of
the channel encoder istointroduce, in controlled manner, someredundancy inthe
binary information sequencethat can be used at thereceiver to overcomethe effects
of noiseand interference encountered in thetransmission onthesigna through the
channd.

4. Digital Modulator:

Thebinary sequenceispassed to digital modulator whichinturn convertsthe sequence
into electric signal sso that we can transmit them on channd.

5. Channd:

Thecommunication channd isthephysicd mediumthat isusedfor tranamittingsgnds
fromtransmitter to receiver. In wire esssystem, thischannd consistsof amosphere

6. Digital Demodulator:

Thedigital demodulator processesthe channel corrupted transmitted waveform and
reducesthe waveform to the sequence of numbersthat representsthetransmitted
datasymbols.

7. Channd Decoder:

Thissequenceof numbersthen passed through the channel decoder which attempts
to reconstruct the original informati on sequence from the knowledge of the code
used by the channel encoder and the redundancy contained inthereceived data

8. SourceDecoder

Attheend, if an analog signa isdesired then source decoder triesto decodethe
sequencefromthe knowledge of theencoding algorithm. And which resultsinthe

approximatereplicaof theinput at thetransmitter end
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9. Output Transducer:

Finalyweget thedesired signd in desired format anaog or digital.
Types of Digital Communication

1. Simplex Communication: Oneway Communication

Simplex

i One direction i
only

2. Half Duplex Communication: Communicationwill beinbothdirections, but
only oneat atime.
Half-Duplex

=
—

Both directions but
only one at a time

3. Duplex Communication

Full-Duplex

E.‘

'

| Y -
L
N

e

Both directions at
the same time

Advantages of Digital Communication

1. Theeffect of distortion, noise andinterferenceislessinadigita communica-
tion system.

2. Regenerative repeaters canbeused at fixed distanceaong thelink, toidentify
and regenerateapulsebeforeitisdegradedtoan ambiguous state.

3. Digita circuitsaremorereliable and chegper compared to anaog circuits.

The Hardwareimplementationis moreflexiblethan anal og hardware because
of theuse of microprocessors, VLS| chipsetc.
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5.  Error detecting and Error correcting codesimprovethe system performance
by reducing the probability of error.

Shift keying methods

Digital-to-analog
conversion

Amplitude shift keying Frequency shift keying Phase shift keying
(ASK) (FSK) (PSK)
I I
| I
! Quadrature amplitude modulation !
_______ - - — — — ———
(QAM)
i i i & Analog Transmission k:
Different Shift keyingmethodsthat g, g .
are used in digital modulation Typeso_’?fsa:(' ;‘; ;(Agg':(’ g Camesimion
techniquesare R T w ok
Amplitudeshiftkeying[ASK] @ _ .
. . ASK 1 U 7
Frequency shift keying [FSK]
Phase shift keying [PSK] R JU%%%W%_
ASK 9t
. . SK” - LUWUH UUE'UU%UU% UU% ’
Theshort formof Amplitude Shift ~ \govewr ),

Keyingisreferredas ASK. Inthis

technique, amplitude of the RF carrier isvaried in accordancewith digital input
signal. Asshowninthefigure, binary 1 will be represented by carrier signal with
someamplitudewhilebinary O will berepresented by carrier of zero amplitude(i.e.
no carrier).

Digital h (i
Modulation —

FSK

The short form of Frequency Shift Keyingisreferred as FSK. Inthistechnique,
frequency of the RF carrier isvaried in accordancewith digital input signal. As
shown, binary 1 and O isrepresented by two different carrier frequencies. Figure
depicts that binary 1 is represented by high frequency “f1” and binary O is represented

by low frequency ‘f2’.
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Digil‘:ll |
Modulation = '|JM l l \ , k
1 V |

o 1L e 0 1 01 0o o

A

Theshort form of Phase Shift Keyingisreferred asPSK. Itisdigital modulation
techniquewherein phaseof the RF

carrier ischanged based on digital . 0 0 . 0 .
input. Figure depicts Binary Phase zﬁj;r;l_ !
Shift Keying modulation type of ~ de
PSK.Asshowninthefigure, Binary wse LA AN ANV
1 isrepresented by 180 degree phase p I A ’/]

of the carrier and binary O is

represented by O degree phase of the 2. In binary phase shift keying, note how a binary 0 is 0° while a

) binary 1is 180° The phase changes when the binary state
RF carrie. switches so the signal is coherent.

Phase changes

Transmission Media

Thetransmission mediathat are used to convey information can be classified as
guided or unguided.

Guided media provideaphysica path alongwhich the signasare propagated;
theseincludetwisted pair, coaxia cable, and optical fiber.

Unguided mediaemploy an antennafor transmitting through air, vacuum, or weter.
For unguided media, wirelesstransmission occursthrough the atmosphere, outer
space, or water.

Twisted Pair

Theleast expensive and most widely used guided transmission medium istwisted
pair.

Physical Description

A twisted pair consstsof twoinsulated copper
wiresarrangedinaregular spird pattern. Awire
pair acts as a single communication link.
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Typically, anumber of these pairs are bundled together into acabl e by wrapping
theminatough protectivesheath. Over longer distances, cablesmay contain hundreds
of pairs. Thetwisting tendsto decreasethe crosstalk i nterference between adjacent
pairsinacable.

Applications
Inthetelephonesystem
Twisted pair isa sothe most common medium used for digital signaing

Twisted pair is aso commonly used within a building for local area networks
supporting persona computers.

Twisted pairismuch lessexpens vethan the other commonly used guided
Unshielded and Shielded Twisted Pair
Outer Conductor

Cable Dielectric Cores
Jacket

Inner Conductors

Barrier Tape
Twisted pair comesintwo varieties: unshielded and shielded.

Unshielded twisted pair (UTP) isordinary telephone wire. Office buildings, by
universal practice, are prewired with excessunshiel ded twisted pair, morethanis
needed for smpletd ephone support. Thisistheleast expensveof dl thetransmisson
mediacommonly used for local areanetworksand iseasy to work with and easy to
ingdl.

Unshielded twisted pair issubject to externd e ectromagneticinterference, including
interferencefrom nearby twisted pair and from noise generated in the environment.

Coaxial Cable COAXIAL CABLE

braided shiold o shisid
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Physical Description

Coaxial cable, like twisted pair, consists of two conductors, but is constructed
differently to permit it to operate over awider range of frequencies. It consistsof a
hollow outer cylindrica conductor that surroundsasingleinner wireconductor. The
inner conductor isheldin placeby ether regularly spaced insulating ringsor asolid
dielectric materid. Theouter conductor iscovered with ajacket or shield. Asingle
coaxial cable hasadiameter of from 1to 2.5 cm. Coaxial cable can be used over
longer distancesand support more stationson ashared linethan twisted pair.

Applications
Co axid cablesare commonly used for
» Tdevisondigribution
» Long-distancetelephonetransmission
» Short-run computer systemlinks
» Loca areanetworks
Optical Fiber

Cladding

4 75%
T—
 ——

Optical fiber transmitsasignal-encoded beam of light by means of total inter nal
reflection.

Total interna reflection can occur inany trangparent medium that hasahigher index
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of refraction than the surrounding medium.Light from asourceentersthe cylindrica
glassor plastic core. Raysat shalow anglesarereflected and propagated a ong the
fiber; other raysareabsorbed by the surrounding materia. Thisform of propagation
iscalled step-index multimode, referring to the variety of anglesthat will reflect.

With multimodetransmiss on, multiple propagation pathsexist, eachwith adifferent
path length and hencetimeto traversethefiber. Thistype of fiber isbest suited for
transmission over very short distances. When thefiber coreradiusisreduced, fewer
angleswill reflect

Physical Description

Anoptica fiber isathinflexible medium capable Core

of guiding an optical ray. Various glasses and p
plastics can be used to make optical fibers. An
optical fiber cable has a cylindrical shape and
consi stsof three concentric sections: thecore, the
cladding, and thejacket.

Thecor eistheinnermost section and consists of
oneor morevery thin strands, or fibers, made of
glassor pladtic; thecorehasadiameter intherange ————
of 8 to Each fiber is surrounded by its own

cladding, aglassor plastic coating that hasoptica propertiesdifferent from those
of thecore.

Theinterface betweenthe core and cladding acts as areflector to confinelight that
would otherwise escapethe core.

Cladding

Coating

The outermost layer, surrounding one or abundle of cladded fibers, isthejacket.
Thejacket is composed of plastic and other material |ayered to protect against
moisture, abrasion, crushing, and other environmental dangers.

Optical Fibers are characterized by,

1. Greater capacity:
Smaller sizeand lighter weight:
L ower attenuation:
Electromagneticisolation:

a k W N

Gregter repester spacing:
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Activity
Collect the samples of different types of cables and display it in the class
room

TE Questions

Explaintheadvantagesof digital communication.
Write 3 advantages of PCM

Compare ASK and PSK

What arewaveguides?

Givethestructureof anoptical fibre.
Explainthemethod of light transmissonthrough fibre
Block diagram of adigital communication system
Simplex isadigital communicetion ,giveother 2types

© 0o N O g s~ WD P

List any 2 disadvantagesof digita communication system
ASK stands for—

Briefly explain FSK

Explain about coaxia cableandits 2 advantages

List the4 advantagesof optical fiber

Briefly explain about phaseshift keying

e~ i <
a ~ v b PP O

Givethemethod of duplex communication system
Explainthefeaturesof ASK
is the range of microwave waveguide

[
o

e
oo N

Givetheprincipleof optical fiber communication

=
©

——is principle of optical fiber communication
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Unit : 4 - Mobile Communication

Mgt

The unit introduces the concept of mobile communication including various
technologieslike hand off and frequency reuse. Cellular and wirelessbased systems
related to different generations of mobile communicationsincluding 3G 4G GPS,
CDMA and GPRS aredescribed in thisunit. Much attention in thischapter isa so
given to expressthe wirel ess based networks such Wi-Fi and Wimax.

Introduction

L earning outcomes
Thelearner;
Understands the concept of cdll , frequency reuse and Hand of f
ExplainsGSM and different terminologiesusedinit
Understandsabout SIM
ExplansCDMA
ExplansGPRS
Explainsabout 3G and 4G and their features
Understands Bluetooth, Wi-Fi and WIMAX
Identifiesthe different parts of amobile phone
Mobile Communication

Wird essCommunication: Transmitting/receiving voiceand datausing € ectromagnetic
wavesin open space

Theinformation fromthe sender to thereceiver isusualy carried down over awell-
defined frequency band (Channel).

Inbromtion to
e transmitted

(Baschand signal)
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Different channd scan beformed aswird esscommunication today isnot just between
one person and the base station, but it isamultiuser system

Typesof wirelesscommunication

e Mobile - GSM,CDMA
« Portable - IEEE-802.11B (Wi-Fi, Blue Tooth)
« Fxed - IEEE-802.16(WirdessMAN)
Why WirdessCommunication?

1. Freedomfromwires

2. Globa coverage

3. Stay connected dways

4. Hexibility

Current wirelesssystems
1. Cdlular Phones
2. WirdessLAN
3. Sadlitesystem
4. Paging Systems
5. PAN’s (Blue tooth)
Introduction to Mobile Communication

In cellular system, the covering area of an operator isdivided into cells. A cell
correspondsto the coving areaof one transmitter. Size of cell isdetermined by
transmitter’s power.

Céellsare grouped into clusters. Typical clusterscontain 4,7,12 or 21 cells. The
smdler thenumber of cellsper cluster is, thebigger the number of channelsper cell
will be.

Type of Cells
1. Macrocdls: Largecelsfor sparsely populated areas
2. Microcdls: Usedfor densely populated areas

3. Sdectivecdls Insomecases, cdlswith aparticular shapeand coverage (other
than 360 degrees) are needed. Thesecellsare called selective cdlls. Example:
cellslocated at the entrance of tunnels..

&
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4. UmbrellaCedls. Inorder to solvethe problem of handover anong small neigh-
boring cells, concept of umbrelacellsisintroduced. Anumbrellacell covers
severa micro cells. When the speed of the mobileistoo high, themobileis
handed off totheumbrellacell.

Basic concepts of Cellular Communication
++ High capacity isachieved by limiting the coverage areaof each base station
toasmall geographica area(by usng low power transmitters)

*+ Thesamefrequencies/codes/timedotsarereused by spatially separating
the base stations.

s ‘Hand Off’ enables a code to proceed uninterrupted whan a user move
fromonecdl to another

% Resolvesthe problem of limited radio spectrum
“ Neighboring base stations are assigned different group of channelsto
minimiseinterference
s+ By systematically spacing base stations, channel groupsmay bereused as
many number of times asnecessary
% Asdemand increases, number of base stationsa so increases
Anatomy of a Cellular call

¢ A cell phone, when switched ON (not yet engaged in acall) scansthe
group of bus stations available to determine the one with the strongest
signal. Even if we are not making the call, we use battery power and that’s
why when we buy amobile phone, we have two kinds of time available,
tak timeand standby time

++ Mobilephonemonitorsthe channel and kegps on monitoring becauseif the
strength dropsbel ow acertainthreshold, it scansfor the second strongest

++ Control channelsuse up 5% of thetotal number of channels
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Terminologies used in Mobile Communication

* Portable- Cellular phones are personally portable devices as they can be
used in motor vehiclesor by pedestrians.

e Subscriber — Mobile or portable user.

*  Simplex—Communication is possible only in one direction, (e.g., paging
systems).

« Half Duplex - Two way communication, but uses the same radio channel
for both transmission and reception.

User can only transmit or receive information.

* Full Duplex - Simultaneous two-way radio transmission and reception
between subscriber and base station.

+ Base Sation, BU

Fixed antenna stations with which subscribers communicate. Base stations are
connected to a Power source and abackbone network

A network element that interconnects the mobile station (or Mobileunit (MU)) to
the network viatheair interface. Each cell inthenetwork hasaBS associated with
it. Theprimary function of aBSistomaintaintheair interface, or medium, for
communicationtoany mobileunitwithin

itscell. Other functionsof BSarecall * ,
processing, signding, maintenance, and f i
diagnostics. o ’-a 4o
» Ceélls— Area of coverage is W ﬁ \
dividedintocdls Eachcdl has N
a base station located at its i sad
centreor edge.
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*  Control Channel —Radio channels used for transmission of call set—up, call
request and call initiation.

e Forward Control Channel — Used for initiating a call from BS to MU
* ReverseControl Channel - Usedfor initiatingacall fromMU toBS

e Forward Channel (Downlink) - Radio channel used for transmission of in-
formation from base station to mobile

Reversechanne (Uplink) - Radio channel used for transmission of informa-
tion from mobileto base station

*  Hand - off—Process of transferring the mobile station from one base stationto
another. Usually, amobile unit proceedsfrom one cell to another during the
courseof acal. A centrd controller, MTSO (Mobile Telephone Swithing Of -
fice) automatically reroutesthe call fromtheold cell tothenew cell without a
noticebal einterruptioninthesigna reception. Thisprocessiscalled hand off.

»  Page—Abrief message that is broadcast over the entire service area by many
base stations at the sametime.

*  MaobileSwitching Centre— Switching centre which coordinates the routing
of cdlsinalargeservicearea.

e Tranceiver —Adevice capable of transmitting/ receiving radio signals
e Frequency reuse —

» Eachcdlular BSisalocated agroup of radio channelsto beusedwithina
small geographicareacalled cell

» BSinadjacent cellsareassigned channd groupswhich contain completely
different channe sthan neighbouring cells

» Bylimitingthe coverage areato withinthe boundariesof acell, thesame
groups of channelsmay be used to cover different cellsthat are separated
from oneanother by distances|arge enough to keep theinterferencelevels
withintolerablelimits.

» Thedesignprocessof selectingand alocating channel groupsfor al of the
cellular BSsiscalled frequency reuse or frequency planning

Cdlswiththesameletter usethe same set of frequencies. A cell clusterisoutlinedin
bold. Inthisexample, thecluster sizeisN equa to 7 and frequency reusefactorisl/
N=1/7

&
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A call to a mobile user

Themoment wedia anumber, the M obile Switching Station, MSC which
is connected to the PSTN (Public Switched Telephone Network) dis-
patches the message to all the base stations. BS and MSC are usually
connected by meansof an optical link. The BSthen sendsapaging mes-
sage

The paging message contai nsthe mobileidentification number with thechar-
acteristic of that mobile station which isbeing broad cast. It isuniqueto
that mobile. Thisnumber may not be same asthe phone number. Mobile
station recelvesthe messagefrom the BSitismonitoring

It respondsby identifying itself over RCC (Reverse Control Channel). BS
conveysahandshaketo MSC. MSC instructs BSto moveto an unused
voicechannd.

The BS signasthe M Sto change over to an unused Forward Voice Chan-
nel, FVCand RVC

A datamessage (Alert) istransmitted over FV Ctoinstruct themobileto
ring

Whilethecal isinprogress, theM SC adjuststhetransmitted power inorder
tomaintainthecdl quality.

GSM: Global System for Mobile Communications

Global System for Mobile (GSM) isasecond generation cellular standard
devel oped to cater voice servicesand datadelivery using digital modulation

GSM usesnarrowband TimeDivision MultipleAccess(TDMA) for providing
voiceand text based services over mobile phone networks.

GSM isacircuit-switched system that divides each 200 kHz channel into eight
25 kHz time-dlots. GSM operates on the mobile communication bands 900
MHz and 1800 MHz in most partsof theworld. IntheUS, GSM operatesin
the bands 850 MHz and 1900 M Hz.

GSM Services —

Tele services — Mobile phones, Emergency calls etc
Data services — SMS, Fax etc

Supplementary services — Conferencing, Call barring, Call waiting, Call
forward, cal hold etc
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SIM

SIM or Subscriber Identification Moduleisasmart
cadthatisincludedinevery cell phoneof the GSM
family of networks

6 or 8-pinflat connector embedded on thetop of | il i &
the Cal'd Standard

By inserting SIM card into theterminal, user can have accessto all the sub-
scribed services.

SIM protected by afour digit Personal Identification Number.
UICC standsfor Universal Integrated Circuit Card isanew generation SIM

SIM cardshold subscriber information and memory, for examplefor persona
directory of numbers

SIM identifiesasubscriber viaunique International Mobile Subscriber |dentity
(M Sl)

- Thefirst 3digitsrepresent the Mobile Country Code (MCC)

- Thenext 2 digitsrepresent the Mobile Network Code (MNC)

- Thenext 10 digitsrepresent the mobile station identification number
SIM istheapplication that runsonaSIM Card

Today most SIM cards are based on JavaCard

A fully fledgemicrocomputer withan OS

Number ldentification :

Therearefollowing supplementary servicesrel aed to number identification:

» CallingLineldentification Presentation : Thisservicedisplaysthetele-
phone number of the calling party onyour screen.

» CallingLineldentification Restriction : A personnot wishingtheir num-
ber to be presented to others subscribesto thisservice.

» Connected Lineldentification Presentation : Thisserviceisprovided
to givethecalling party the telephone number of the personto whomthey
are connected. This service is useful in situations such as forwarding’s where
thenumber connected isnot the number dialled.

* Connected Lineldentification Restriction : Therearetimeswhenthe
person called does not wish to have their number presented and so they

&
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would subscribeto thisperson. Normally, thisoverridesthe presentation
sarvice.

* MaliciousCall Identification : Themaliciouscall identification service
was provided to combat the spread of obscene or annoying calls. The
victim should subscribeto this service, and then they could cause known
maliciouscallsto beidentified inthe GSM network, usingasimple com-
mand.

Advantages of GSM

1.

© © N o

Communication - mobile, wird esscommuni cation, support for voiceand data
sarvices

Total mobility — international access, chip-card enables use of access points of
different providers.

Worldwide connectivity (International roaming) — one number, the network
handlesevery location.

High capacity — better frequency efficiency, smaller cells, more customers per
cdl.

Hightransmission quaity—high audio quality and reliability for wireless, unin-
terrupted phone callsat higher speeds(e.g., from cars, trains).

Security functions —Access control, authentication via chip —cardand PIN
Low-cost mobile setsand base stations (BSs)
High-qudity speech

Compatibility with Integrated Services Digita Network (ISDN) and other tele-
phone company services

The GSM network can be broadly divided into:

* TheMohileStation(MS)

e TheBase Station Subsystem (BSS)

e TheNetwork Switching Subsystem (NSS)
* TheOperation Support Subsystem (OSS)
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Multiple Access

Introduction

Multiple accessisthe method in which one channel between the network and the

user isshared by anumber of users. The
S o

a_rl ng may beqn frequen.cy basisortime Jp—
basisor codebass. Accordingly, theaccess ‘f \e

methodsareknownasFDMA, TDMA or @f wi ch2

CDMA
CDMA (Code Division Multiple Access) k-

hl

CDMA
Dngital
Transmitter

Y

Design 4

Target,

ch2

ool

|CDMA Users are Separated by Codes H

3 ST #2
g £ VYWV %%/

Green
Codeo

A digital multipleaccesstechni que specified by the TelecommunicationsIn-
dustry Association (TIA) as “1S-95.”

INnCDMA, theentirebandwidth isdlotted to asingle subscriber and the users
aredifferentiated from oneanother using unique codes

CDMA isaso called Wideband MultipleA ccess Technol ogy astheentire band-
widthismadeavailableto each user.

Oneof theunique aspect of CDMA isthat whilethereare certainly limitstothe
number of phone callsthat can be handled by a carrier, thisis not afixed
number .

Multiple usersoccupying the same band by having different codesisknown as
CDMA - CodeDivisonMultipleAccesssystem

Advantages of CDMA

*  Increased Cellular Communications security.

* Increased efficiency— Carrier can serve more subscribers
e Smadler phones

* Low power requirements
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» Littlecell to cdl co-ordination needed by operators
» Extended reach —beneficial to rural users situated far from cells
» Frequency Diversity — All terminals can use the same frequency, no plan-
ning needed
e Hugecode space
* Lessinterferencetonoise
* Costof calsischeap
DISADVANTAGES OF CDMA
1. Cannot offer internationd roaminglike GSM

2. Higher Complexity of areceiver (receiver cannot just listen into the medium
and sart recaivingif thereisasigna)

3. Near — far Problem — Signals closer to the receiver are received with less
attenuation than signal farther away. All signa sshould have thesame strength
at areceiver

GPRS
Generd Packet Radio Service (GPRS) isaMobile Data Serviceaccessibleto GSM

and |S-136 mobile phonesusers. Thisserviceispacket-switched and severa number
of userscan dividethe sametransmission channd for transmitting the data.

GPRSisaso known as GSM-IPthat isaGloba -Syster Mobile Communications
Internet Protocol asit keepsthe usersof thissystem online, allowsto makevoice
cdls, and accessinternet on-the-go. Even Time-Divison MultipleAccess(TDMA)
usersbenefit from thissystem asit provides packet radio access.

Featuresof GPRS
< "User's mobile phone
| GSM Network g

G5SM mobile phone

PC with application <> Users moblle phone
that uses GSMComm
|
GSMComm runs within a PC application and [\l
communicates with a locally connected GSM ﬁi
mabile phone (or altematively a GSM modem)

to perform its tasks. User's obiie phon
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Following threekey features describe wirel ess packet data:

» Thealwaysonlinefeature- Removesthedia-up process, making applica
tionsonly oneclick away.

* Anupgradeto existing systems- Operators do not have to replace their
equipment; rather, GPRSisadded on top of theexistinginfrastructure.

* Anintegral part of future3G systems- GPRS is the packet data core ¢
network for 3G systems EDGE and WCDMA.

Goals of GPRS

GPRSisthefirst step toward an end-to-end wirelessinfrastructure and hasthe
followinggods

e Openarchitecture

* Consgent IPservices

» Sameinfrastructurefor different air interfaces

* Integrated telephony and Internet infrastructure

* Leverageindustry investmentinIP

»  Serviceinnovationindependent of infrastructure

Benefits of GPRS
1. Higher Data Rate — 9.6Kbps

2. EasyBilling-Billing based on transmitted data. The advantage for the user is
that he or she can be “online” over a long period of time but will be billed based
on thetransmitted datavolume.

Application of GPRS

*  Mohility- Theabilitytomaintain constant voiceand datacommunicationswhile
onthemove.

* Immediacy- Allowssubscribersto obtain connectivity when needed, regardless
of location and without alengthy login session.

* Locdization- Allowssubscribersto obtaininformationrelevant totheir current
location.

e Communications- E-mall, fax, unified messaging andintranet/internet access,
€tc.

*  Value-added services- Information servicesand games, €tc.

*  E-commerce- Retail, ticket purchasing, banking and financial trading, etc.

*  Location-based gpplications- Navigation, trafficconditions, arling'rall schedules

and location finder, etc.



Reference Book [}

Vertical applications- Freight delivery, fleet management and sales-force
automation.

SMS, MM Sandvoice callsarea so possiblewith GPRS
I.  MobileSystem Generations

4G
® @ LTE 1 Gbps
36 115 Mbps
.Z.SG 14.4 Mbps

384 Kbps

‘26
14.8 Kbps

Mobile communications: from 1G to 4G

First Generation (1G) mobile systemsweredesigned to offer asingle service,
I.e., speech

Second Generation (2G) mobile systemswere a so designed primarily to offer
speech with alimited capability to offer dataat low rates.

Third Generation (3G) mobilesystemsoffer high-quaity multi-mediaservices
and operatein different environments.

Fourth Generation (4G) mobile systems offer higher capacity, completely IP
oriented, multimedia, datato hundreds of megabits

Key Technologies of 3G

* Bluetooth
*  Wireless LAN (IEEE 802.x standards) — Wi-Fi
»  Short rangewire esscommunications

» Highly utilized and very popular: offices, airports, coffee shops, universities
and schools

» Two basic modesof operations:
. Ad-hoc networking: computers send datato one another
. Access point: sending datato the base station

&
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*  MultimediaMessaging Services(MMYS)

» Text, sounds, images, and video

e Trangtionfrom Short Message Service (SMS)

*  OpenInternet standardsfor messaging

*  WebApplications

* Informationportas

*  WirdessMarkup Language (WML) withsignds

» usngWirelessApplication Protocol (WAP)
Limitations of 3G

Difficulty of CDMA to providehigher datarates

Need for continuoudly increasing datarate and bandwidth to meet the muilti-
mediarequirements

Limitation of spectrumanditsalocation

Inability to roam between different services

To provide aseamlesstransport end-to-end Mechanism
Tointroduce a better system with reduces cost

Limitationto meet expectationsof gpplicationslikemultimedia, full motionvideo,
wirelesstel econferencing.

4G Technology
¢ 4G =4th Generation mobilecommunication

* A 4G system provides anend-to-end I P solution wherevoice, dataand
streamed multimedia can be served to users on an “Anytime, Anywhere”
basisat higher dataratesthan previous generations

» Datarates(withwideareacoverage and significant mobility) =50to 100
Mbps.

*  Wider bandwidth

* End-to-end Quadity of service

* Highsecurity

» Offeringany kind of servicesanytime, anywhere
* SmatAntennas
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4G Features

Support interactivemultimedia, voice, video, wirel essinternet and other broad-
band services.

Wider bandwidthsand higher bit rates
Highinternet speed, high capacity and low cost per bit.
Globa mobility, serviceportability, sca able mobile networks.

Seamless switching, variety of servicesbased on Quality of Service (QoS)
requirements.

Entirely packet switched network
Tight network security
Better response time — 10 times better than 3G

Less time to build 4G because it uses the same tower and fiber cable as 3G -
they only haveto upgrade thetower with 4G

Applications of 4G

Virtual Presence — 4G provides user services at all times, even if the user is
off dte

Virtual navigation — User can access a database of the streets, buildings
etc

Tele-geo processing applications — This is the combination of GIS (Global
Information System) and GPS (Globa Positioning System) inwhich auser
can get thelocation by querying

Tele-Medicine and Education — 4G will support remote health monitoring
of patients.

Crisis management — Natural disasters can cause breakdown in commu-

nication systems (about 7 weeks). But in 4G, it isexpected to restore such
crisisissuesinafew hours.

Multimedia— Video Services

Activity

Make a report on the features and advantages of 5G
Wi-Fi (WirelessFiddlity)
Wi-Fi isagenericterm that refersto the [EEE 802.11 communi cations stan-




dard for Wireless Local Area Net-
works (WLANS). Introduced by

Wi-FH Alliance.

WI-Fi Network connect computers
to each other, totheinternet and to

thewired network

Wi-Fi works on Physical and data

B ELECTRONICS AND COMMUNICATION TECHNOLOGY

link layer.
Network M;’:::‘dm Range |Frequency| ~Power cont
standard | SP%°% | (feet) | (GHz) | drain |
802.11b | 11 | 100150 | 24 |Moderate| Low
802.11a | 54 | 60-100 5 High | High
802.11g 54 150-250 24 Moderate | Moderate
802.11n | 200 Up'?etaoo 2485 | Moderate | Moderate

Elements of a Wi-Fi Network

1

Access Point (AP)—AP is awireless LAN transceiver or base station that can

connect one or many devicesin
the sametimeto theinternet

Safeguards — Firewalls and
antivirus software software pro-
tect networks from other users
and keep information secure

Wi-Fi cards (Adapters) — They
accept thewirelesssignal andre-
lay information. They can bein-
ternal and externa (PCMCIA

card for Laptop and PCI card for Desktop PC)
Wi- Fi Security

Wirdesssecurity istheprevention of unauthorized access or damageto computers
using wireless networks. Themost common typesof wireless security are Wired

Equivaent Privacy (WEP) and Wi-Fi Protected Access (WPA)
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Hotspot:

A hotspot isany |ocation whereWi-Fi network accessismade publicly avail-
able.

Hotspots are equipped with abroadband i nternet connection, and oneor more
AccessPointsthat allow usersto accesstheinternet wirelessly

Hotspots can be setup in any publiclocation that can support aninternal con-
nection.

Advantages of Wi-Fi

* Nowires

*  Mohility

» Easeof Ingdlation

* Hexibility

e Cost

» Rdidbility

e Security

» Uselicensed part of radio spectrum

* Roaming

» Fastdatatransfer rates
Limitations
* Interference

Degradationin performance

High power consumption

Limitedrange

Datasecurity risks

Interferencefrom other devices such astelephones, microwave ovensetc

WIMAX

A wirelesstechnol ogy optimized for thedelivery of IP centric servicesover a
widearea.

A scalablewirdessplatform for constructing aternative and complementary
broadband networks.
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A certificationthat denotesinteroperability of equipment built tothe| EEE 802.16
or compatible standard. The IEEE 802.16 Working Group devel ops stan-
dardsthat addresstwo types of usage models

» Afixed usagemodd (IEEE 802.16-2004).

» A portableusagemodel (IEEE 802.16€).

Based onWirdessMAN technology

| P based wirel essbroad band technology utilizing |IEEE 802.16
WIMAX formedinApril 2001

About 40M bps capacity per wirelesschannel

Supportsvoice, video andinternet data

Provideswirel ess broadband accessto buildingswhich arelocated in thinly
popul ated areas

ConnectsWLAN hotspotsto Internet

Range of WIMAX - 15Kms for Rural Area, 4 Km for Urban area

User can expect to have broad band access speeds ranging from 256K bpsto
2Mbps (accordingto BSNL)

Expects 15M bps capacity ina3Km cell coverage area

WIMAX deployed in a variety of spectrum bands—2.3 GHz, 2.5 GHz, 3.5GHz
and 5.8 GHz.

WIMAX will provide broadband connectivity anywhere, anytime, for any de-
viceand on any network

% WIMAX isthe next generation of wireless broadband instead of Wi-Fi. It
can connect you to theinternet in faster speed and wide coverage com-
pared toWi-Fi that can only be connected on hotspotslike hotel's, restau-

rants, airportsetc
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Benefits of WIMAX

» Convenience: You can move around the CPE deviceand get the Internet
accesseverywherein your home, andintheoffice.

* You can subscribe only one connection for both officeand home use.

*  NoWireRequired: NoWire, No Telephone connection required.

e Quick setup & activation: WIMAX setup and activation arequick and fast.
*  Qudity connection: UsngWiMAX you can browseat avery good speed.

*  WIMAX technology incorporates much better and moreflexible security
support than Wi-F standard. All user trafficisencrypted beforebeing routed
through the network

Parts of mobile phone

Mobile Phone PCB Diagram

www.mobilecellphonerepairing.com

Antenna Point

-
FEQITA On | OFF Switch
Bsl 3 Antenna Switch NOTES:
Network { RX Filter & i
Section Logic IC
vco B + Charging IC
+ Audio IC
+ Power IC
> Audio IC 2. PFO=
(" Poverte I Antenna
RTC Swatch
+PFO
Charging IC Flash IC
Syt ePy 3. FlashIC =
Sectlon-< RAM oy Y
R22 Ul Module | Logic IC IC
MIC Incerface Buzzer Interface
—

1. AntennaSwitch: Itisfoundinthe Network Section of amobile phone

and ismade up of metal and non-meta. In GSM setsitisfound inwhite color
andin CDMA setsitisfoundingolden metd.

Work: It searches network and passesforward after tuning.

Faults: If theAntenna Switch isfaulty then therewill be no network inthe mobile
phone.

2. PF.O:Itisfound near the AntennaSwitchinthe Network Section of the

PCB of MobilePhone. Itisalso caled PA (Power Amplifier) and Band Pass
Hiter.
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Work: It filtersand amplifies network frequency and sel ectsthe home network.

Faults: If the PFO isfaulty then therewill be no network inthe mobilephone. If it
gets short then the mobile phonewill get dead.

3. RFIC/Hagar / Network IC: This electronic component found near the
PFO inthe Network Section of aMobile Phone. Itisaso called RF signal
processor.

Work: It worksastransmitter and receiver of audio and radio waves accord-
ingtotheinstruction from the CPU.

Faults: If the RF ICisfaulty then there will be problem with network inthe
mobile phone. Sometimesthe mobile phone can even get dead.

4. 26 MHzCrystal Oscillator: Itisfound near the PFO inthe Network

Section of aMobile Phone. Itisalso called Network Crystal. It ismade up of
metd.

Work: It createsfrequency during outgoing calls.

Faults: If thiscrystd isfaulty thentherewill beno outgoing call and no network
inthemobile phone.

5. VCO: ltisfound near the Network IC in the Network Section of aMobile
Phone.

Work: It sendstime, date and voltageto the RF IC/ Hager and the CPU.
It al so createsfrequency after taking command from the CPU.

Faults: If itisfaulty thentherewill be no network inthe mobilephoneand it
will display “Call End” or “Call Failed”.

6. RXFilter: ItisfoundintheNetwork Section of aMobile Phone.
Work: It filtersfrequency duringincomingcals.
Faults: If itisfaulty thentherewill network problem duringincoming calls.
7.  TXFilter: Itisfound inthe Network Section of aMobile Phone.
Work: It filtersfrequency during outgoing cals.
Faults: If itisfaulty thentherewill network problem during outgoing calls.
8. ROM: Itisfoundinthe Power Section of aMobile Phone.
Work: It loads current operating programinaMobile Phone.
Faults: If ROM isfaulty thentherewill software probleminthemobile phone
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10.

1n.

12.

13.

14.

and the set will get dead.
RAM:: Itisfound in the Power Section of aM ohile Phone.

Work: It sends and recelves commands of the operating programinamobile
phone.

Faults: If RAM isfaulty thentherewill be software problemin themobile
phoneand it will get frequently get hanged and the set can even get dead.

Flash I C: It isfoundin the Power Section of aMobile Phone. Itisasocalled
EEPROM IC, Memory IC, RAM IC and ROM IC.

Wor k: Software of themobilephoneisinstaledinthe Flash IC.

Faults: If Flash ICisfaulty then the mobile phonewill not work properly and
it can even get dead.

Power | C: Itisfound inthe Power Section of aMobile Phone. Thereare many
small componentsmainly capacitor around thislC. RTCisnear the Power IC.

Work: It takes power from the battery and suppliesto all other parts of a
mobilephone.

Faults: If Power ICisfaulty then the set will get dead.
Charging | C: Itisfound in the Power Section near R22.
Work: It takes current from the charger and chargesthe battery.

Faults: If Charging IC isfaulty thenthe set will not get charged. If the Charging
IC isshort then the set will get dead.

RTC (Simple Silicon Crystal): It isRea Time Clock and isfound in the
Power Section near Power IC. Itismade up of either metal or non-metal. Itis
of long shape.

Work: It helpsto run thedate and timein amobile phone.

Faults: If RTCisfaulty thentherewill be no date or timeinthe mobile phone
and the set can even get dead.

CPU: Itisfound inthe Power Section. Itisalsocalled MAD IC, RAPIC and
UPP. Itisthelargest IC onthe PCB of aMobile Phoneand it looksdifferent
fromall other ICs.

Work: It controlsal sectionsof amobilephone.
Faults: If CPU isfaulty thenthe mobile phonewill get dead.
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15. LogiclC/UI IC: Itisfoundinany section of amobilephone. It has20pinsor
legs. Itisalsocalled Ul IC and Interfacel C.

Work: It controls Ringer, Vibrator and LED of amobile phone.

Faults: If LogicIC/ Ul ICisfaulty then Ringer, Vibrator and LED of mobile
phonewill nor work properly.

16. Audiol C: ItisfoundinPower Sectionof amobilephone. Itisaso caledCobba
ICand Melody IC.

Work: It controls Speaker and Microphone of amobile phone.

Faults: If AudioICisfaulty then Speaker and Microphone of amobile phone
will not work and the set can even get dead

TE Questions
1. Whatismobilecdlular communication?
What isthe principle of twoway communication ?
What ishand off ?
List 4 advantagesof CDMA
Explain WiF and WIMAX
What aretheimportant features of GPRS
List the advantages and disadvantages of CDMA
Giveabrief noteson CDMA
Macro cell isonetypeof cell list any other 3typesof cells

© 0o N o s~ WD

10. Givetheconcept of cellular communication
11. A device capable of transmitting/receivingradio signals is

12. List the stepsbriefly how acall towardsamobile user

13. List thegoalsof GPRS

14. Givethelimitationsof 3G

15. List any 4 features of 4G technology

16. Givethedisadvantages and limitationsof ( any 3) of Wi-Fi
17. Narratethe featuresof WIMAX

18. CDMA stands for
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UNIT V : Engineering Graphics

Learning outcomes
Thelearner;
Explansthe principlesof orthographic projectionwith smple sketches.
Sketchesthe orthographic viewsof smpleobjectsgivenitspictoria draw
ing.
Sketchestheisometric projection of smple objects.
Introduction
ORTHOGRAPHIC PROJECTION
Orthographic projectionisonemethod of projection used inengineering drawingin
which the objects are projected on imaginary planes.
This means we make the object become 2D. The
difference between Orthographic Projection and any
other drawing method isthat we use several 2D views
of theobject instead of asingleview.
In orthographic projection the object isplaced a infinite
distance from the observer. Theimageformedonthe °

picture plane is orthographic projection. The word
orthographic meansto draw at right angles.

P- PLAN, E- ELEVATION, EE- END ELEVATION
Sideview (EE) Frontview(E)

)

Basics of Orthographic Projection

Topview (P)

Orthographic Projection involves us seeing an object in 2D. To do thiswe need to
look at 90 degreesto aface of the object. The planes of projection are extended
beyond thelineof intersectionto form four quadrants. Theposition of objectsinany
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onethesefour quadrantsareasfollows
1. Firsthorizontal plane(HP) infront of vertica plane(VP)
2. Second quadrant-Above HP and behind VP
3. Third quadrant-Below HPand behind VP
4. Fourth quadrant; Below HPand infront of VP
ORTHOGRAPHIC VIEWS

Orthographic views are obtai ned from orthographic proj ection. Thefront, top and
sideviewsare called as orthographic views. In orthographic projection, the picture
planesare called as planes of projection and the perpendicular lineare called as
project linesor projectors. When we draw an Orthographic view of thefront of an
objectitiscalled ELEVATION. When wedraw an Orthographic view of thetop of
anobjectitiscaled PLAN. Whenwedraw an Orthographic view of onesideof an
objectitiscalledan END ELEVATION.

TYPES OF ORTHOGRAPHIC PROJECTION
Usually thereare 4 types of orthographic projections

1) Firstangleprojection

2) Secondangleprojection

3) Thirdangleprojection

4) Fourthangleprojection
Inengineering drawing we prefer only thefirst angle projection.
DIFFERENCE BETWEEN FIRST ANGLE AND THIRD ANGLE PROJECTION
Example1

:::::::

ISOMETRIC PROJECTION

Theisometric projection of an object isaone planeview drawn with the object so
placed with respect to the plane of projection that al thethreeprincipal axes appear

to beinclined to each other at an equal angleof 120°
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Isometric scal eisused to measurethe foreshortened length of dimensionsof any
object to draw theisometric projection. The steps of construction of isometric scale
aregiven below

(i) Draw ahorizontal line PQ. (ii) Draw thetruelengthsonaline PM inclined at 45°
tothehorizontal line (say upto 70mm) (iii) Draw
another line PA at 30° to the horizontal line.

(iv)Draw thevertical projection of al the points i e

of truelengthfrom PM to PA. (v) Completethe -«{*;"]j;-l{j,;g: = g
scalewiththedetailsas showninthefigure. The AL nE i
lengths shown at the line PA aretheisometric " o omerrmc scare
lengths to be used to draw the isometric

projection.

Draw the Elevation looking from the direction of arrow FV, plan and Right side
view, left sdeview for thepictorid view show infigure.

ISOMETRIC DRAWING
Exercise: Draw theisometric drawing of arectangular prism of base 30 mm x 15
mm and theheight 50 mm

Draw the isometric projection of a
cube of side 50mm

Draw the three isometric axes through point ‘A’.

*  MakAB=15mm,AD=30mmandAH =50 mm representing thethreesides
of prism.

* Drawtwoverticd linespardld tothelineAH through points B and D.
*  Smilarly draw two morelinesparalle toAB and AD through point H.
*  Mark Gand Etheintersecting points.

*  Drawlinespardld to GH and HE through points G and E intersecting point is
F.

* Drawlinesparale toAB & AD through points D and B respectively intersect-
ingat C.
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* JoinCB & CD withdashlines.

* JoinFand Casowithdashlines.

*  Ruboff theconstruction linesand completethe prism.
AUXILIARY VIEW

If asurfaceof an object isinclined to any of the planes of projection, theview of the
surface of that planewill not show itstrue shapeand size. To overcomethisdifficulty
aview of theinclined surfaceis projected on animaginary plane parallel to this
inclined surface. Thisimaginary planeiscaled Auxiliary planeandtheview obtained
onitiscaledAuxiliary view.

SECTIONAL VIEWS

Interior detail sof an object cannot be shown on principal exterior views. Insuch
casesanimaginary cutting (sectioning) plane may be used to cut through the object
so that the portion in front of the plane can be imagined to be removed so asto
exposeinner details.

The sectiona view showsand e aboratestheinternal construction of amachine, so
that the drawing showsthe components and partsthat amachine consistsof. The
view can bethe section of either Top view, Front view or Sideview. Actually the
sectional view is an “anatomy” study of a machine. Designers use these view to
analysethe constructional detailsand to modify the design of amachine. They are
theprojected views (either Auxiliary or Orthographic) which show across section
of the sourceobject a ong thespecified cut plane. Therearedifferent typesof sectiond
viewssuch as(1) Full Sectiona view. (2) Half Sectiona view , (3) Partial/ Broken
Sectional view, (4) Revolved Sectional view, (5) Offset sectional view and (6)
Removed sectional view.

honzontal section
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DEVELPOMENT OF CYLINDER

Cylinder iswrapped around a paper. When the f—ocurtera noe—s

paper isopened, itisrectangleinsize.
Length = circumferenceof cylinder
Breadth = Height of cylinder

Generally, parallel line method is used for

F

!

|

|

|

L " .
development of cubes, prisms, f’/T‘\\ [t

i |

0

DEVELOPMENT OF HEXAGONAL PYRAMID 3{ r &
Pyramidisdeveloped asfollows: o LA

Draw an arc of radius OA — 0’a’. Divide the arc into 6 equal sectors so that each
sector isequa to distancex

Every line on the devel opment must be
/ﬁ\‘;:\'f_‘_\m H_Ji' the true length of the corresponding

AT ] .\ \ S edge on the surface

T.E Questions

1. Draw abisectinglinefor given straight lineAB oflength120mm.
2. Draw abisectionlinefor given straight line PQ oflength60mm
3. Draw aperpendicular linetoagivenstraight lineAB of length 10mm from

agiven point 0A0=40mm.

4. Dividethegivendtraight lineAB length of 120mminto sevenequal parts.
5. Dividethegivensraight linePQ of length 70mmintofiveequa parts.
6. Draw an arc of40mm radius touching the two given straight lines

[AB=80mm,AC=70mm] at right anglesto each other.

7. Draw anequilatera triangleABCfor given side. SideAB =40mm.
8. Draw anlsoscdesTriangleABCfor givendaa B=70mm,AC=BC=55mm.
9. Draw asquarefor given length of oneside[SideAB=60mm)].
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List of practicals

Amplitude modul ation and detection.

FM modulation using 565 and detection

Setup and familiarizethe FM receiver.

Familiarizethe componentsof fiber optic communication.
PULSE CODE Modulation (PCM).

Amplitude Shift Keying (ASK).

Frequency Shift Keying (FSK).

Phase Shift Keying (PSK).

Tools& instrumentsused in mobile phonerepairing.

© © N o O ~ 0D PP

10. Variouscomponentsused in mobilephones.
11. Basic partsof mobile phones(mic, speaker, buzzer, LCD, antenna, etc).
12. Useof Battery Booster.
13. Basic Circuit Board/ Motherboard Introduction.
14. Assembling & disassembling of different mobile phones.
15. Soldering & Desoldering Components Using Different Soldering Tools.
17. Workingon SMD/ BGA ICsand the PCB.
18. Faultfinding & Troubleshooting.
19. Jumpering Techniques.
20. Troubleshooting through circuit diagrams.
21. Repairing procedurefor repairing different hardwarefaults.
22. Familarisation of error codesin mobilerepairing
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References
1. Datasheetof PIC
2. http://microcontrollerdab.com
3. http://www.electrosomc.com
4. Designing Embedded System with PIC Microcontrollers, Principlesand

applicationsby TimWilmshurst



Reference Book [}

5. Interfacing PIC Microcontrollersembedded design by Interactive Simula-
tion by Martin Bates

6. PICmicroMCU C® Anintroductionto programming TheMicrochipPIC
in CCSCBYy Nigel Gardner

7. PIC Microcontroller for Absolute Beginnersby M. Amer Igbal Qreshi
8. PICmicrocontrollers, for beginnerstoo on-line, author: NebojsaMatic

9. PIC ProgramminginAssembly (http://www.mstracey.btinternet.co.uk/
index.htm

10. EMBEDDED SY STEMS PROGRAMMING WITH THE PIC16F877
Second Edition By Timothy D. Green

11. Programming aPIC Microcontroller A Short Tutoria by YesuThommandru
lowa State University— ECpE By Timothy D. Green

12. PIC Microcontroller and Embedded Systems Using Assembly and C By
MuhammadAli Mazidi, Rolind D. Mckinlay, DannyCausey , Pearson Edu-
caion

13. SantiramKal, Basic Electronics — Devices, Circuits and IT fundamentals,
PHI

14. Louis.E.Frenzd, Principlesof Electronic Communication Systems, TMH

15. William Stalings, Wireless Communi cationsand Networks, Pearson Edu-
cation.

16. M.MorisMano, Computer Architecture, PHI perspective, Pearson Edu-
cation [Module 1(f)]

17.1TL Education Solution Ltd., Introduction to Information Technol ogy,
Pearson Education, 5th edition

18. R.R. Gulati, Monochrome and Colour Television, New Age International
[Module2 (c)]

19. K Gopakumar, Introduction to Electronics & Communication, 3rd edition,
2008,Phasor Publisher‘s,Kollam.

20. KavehPahlavan&Alen H. Levesque, “Wireles Information Networks”, by
JohnWiley & Sons

21. WiliamStalings, “Wireles Communication & Networking”, Pearson Edu-
caionAsa




B ELECTRONICS AND COMMUNICATION TECHNOLOGY

22. Gordan L. Stuber, “Principles of Mobile Communication”, Springer, 2011..
23. Mobileand persona communication systemsand service ,Rg Pandya
24. Satellitecommunication, Timothy Prett

25. Electronic communication systems, George K ennedy, Robert J Schoen
beck.

26. Electronic communication- 2¥Edition , Thomson and Demar.
27. Sadlitecommunication, Roddy and coolen.

28. Principlesof dectronics communi cation,pradeepkumar Ghosh
29. Introduction to €l ectroni csand communi cation,kGopakumar.
30. http://homenic.in

31. www.isro.org

32. wwwiituint

33. www.howstuffworks.com

34. Engineering Graphics, VI Varghese, VIPPublishers




