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Wireless communication between two PC’s using RF
Abstract:

Personal computers arc usually connected to cach other through network
cables in a LAN based office network. Connecting two computers using USB cable or
RS — 232 cable for data communication is feasible option when the two systems are
placed nearby. Also, a single network cable connects a PC to only another single PC.
If computer systems in an office are made to communicate data wirclessly, the cost to
install elaborate network cable wiring can be saved and the entire setup Jooks more
neat and clean. This way any computer can be connected to any other computer
without any fuss. A single computer can also be easily connected with any number of

other computers at a time.

This project has illustrated wireless data communication between PCs using
the 434 MHz RF module. The RF module has a range of 50-60 meter and can be
extended to 300-350 meter using an antenna and increasing the transmission power of
module. Therefore, the RF-based wireless data communication network can be
installed to any small office or workplace. In the project, since PCs cannot directly
interface with the RF module, they are interfaced through Arduino boards. The PC
that has to work as data server is connected to an RF transmitter through the Arduino
board while the PCs that have to work as data client in the wireless local network are

connected to RF receivers through Arduino. The data communication has been

illustrated using the serial monitor on both PCs
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EMBEDDED SYSTEMS:

Introduction:

An embedded system is a system which is going to do a predefined specified

~task is the embedded system and is even defined as combination of both software and

B hardware. A general-purpose definition of embedded systems is that they are devices
used to control, monitor or assist the operation of equipment, machinery or plant.
"Embedded” reflects the fact that they are an integral part of the system. At the other
extreme a general-purpose computer may be used to control the operation of a large

complex processing plant, and its presence will be obvious.

All embedded systems are including computers or microprocessors. Some of
these computers are however very simple systems as compared with a personal

compuler.

The very simplest embedded systems are capable of performing only a single
function or set of functions to meet a single predetermined purpose. In more complex
systems an application program that enables the embedded system to be used for a
particular purpose in a specific application determines the functioning of the
embedded system. The ability to have programs means that the same embedded
system can be used for a variety of different purposes. In some cases a microprocessor
may be designed in such a way that application software for a particular purpose can
be added to the basic software in a second process, after which it is not possible to

make further changes. The applications software on such processors ts sometimes

referred to as firmware.

The simplest devices consist of a single microprocessor (often called a "chip”),
which may itself be packaged with other chips in a hybrid system or Application
Specific Integrated Circuit (ASIC). Its input comes from a detector or sensor and its

output goes to a switch or activator which (for example) may start or stop the

operation of a machine or, by operating a valve, may control the flow of fuel to an

engine.



As the embedded system is the combination of both sofiware and hardware
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Figure: Block diagram of Embedded System

Software deals with the languages like ALP, C, and VB etc., and Hardware deals with
Processors, Peripherals, and Memory.

Memory: It is used to store data or address.

Peripherals: These are the external devices connected

Processor: It is an IC which is used to perform some task

Applications of embedded systems

Manufacturing and process control
Construction industry

Transport

Buildings and premises

Domestic service

Communications

Office systems and mobile equipment

Banking, finance and commercial

Medical diagnostics, monitoring and life support

Testing, monitoring and diagnostic systems




Processors are classified into four types like:
> Micro Processor (up)
> Micro controller (jic)
> Digital Signal Processor (DSP)
» Application Specific Integrated Circuits (ASIC)

Micro Processor (pup):

A silicon chip that contains a CPU. In the world of personal computers, the
terms microprocessor and CPU are used interchangeably. At the heart of all personal
computers and most workstations sits a microprocessor. Microprocessors also control

the logic of almost all digital devices, from clock radios to fuel-injection systems for

automobiles.

Three basic characteristics differentiate microprocessors:

> Instruction set: The set of instructions that the microprocessor can execute.

> Bandwidth : The number of bits processed in a single instruction.

> Clock speed : Given in megahertz (MHz), the clock speed determines how

many instructions per second the processor can execute.

In both cases, the higher the value, the more powerful the CPU. For example,
a 32-bit microprocessor that runs at SOMHz is more powerful than a 16-bit
microprocessor that runs at 25MHz. In addition to bandwidth and clock speed,

microprocessors are classified as being either RISC (reduced instruction set computer)

or CISC (complex instruction set computer).

A microprocessor has three basic elements, as shown above. The ALU
performs all arithmetic computations, such as addition, subtraction and logic
operations (AND, OR, etc). It is controlled by the Control Unit and receives its data
from the Register Array. The Register Array is a set of registers used for storing
data. These registers can be accessed by the ALU very quickly. Some registers have
specific functions - we will deal with these later. The Control Unit controls the entire
process. It provides the timing and a control signal for getting data into and out of the

registers and the ALU and it synchronizes the execution of instructions (we will deal

with instruction execution at a later date).
6



: Aritlj\metic # Register
Logic Unit E Array
(ALU) ;

) pgnt_fol Unit

Three Basic Elements of a Microprocessor

Micro Controller (uc):

A microcontroller is a small computer on a single integrated circuit
containing a processor core, memory, and programmable input/output peripherals.
Program memory in the form of NOR flash or OTP ROM is also often included on
chip, as well as a typically small amount of RAM. Microcontrollers are designed for
embedded applications, in contrast to the microprocessors used in personal

computers or other general purpose applications.

ALU

Cu

Memory

Timer, Counter, serial

communication ROM,

ADC, DAC, Timers,

USART, Oscillators
Etc.,

Figure: Block Diagram of Micro Controller (uc)

Digital Signal Processors{DSPs):
Digital Signal Processors is one which performs scientific and mathematical

operation. Digital Signal Processor chips - specialized microprocessors with
architectures designed specifically for the types of operations required in digital signal
processing. Like a general-purpose microprocessor, a DSP is a programmable device,

7



EMBEDDED SYSTEMS:
Introduction:

An embedded system is a system which is going to do a predefined specified
task is the embedded system and is even defined ascombination of both software and
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"Embedded" reflects the fact that they are an integral part of the system. At the other
extreme a general-purpose computer may be used to control the operation of a large

complex processing plant, and its presence will be obvious.

All embedded systems are including computers or microprocessors. Some of

these computers are however very simple systems as compared with a personal

computer.

The very simplest embedded systems are capable of performing only a single
function or set of functions to meet a single predetermined purpose. In more complex
systems an application program that enables the embedded system to be used for a
particular purpose in a specific application determines the functioning of the
embedded system. The ability to have programs means that the same embedded
system can be used for a variety of different purposes. In some cases a microprocessor
may be designed in such a way that application software for a particular purpose can
be added to the basic software in a second process, after which it is not possible to

make further changes. The applications sofiware on such processors is sometimes
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Software deals with the languages like ALP, C, and VB etc., and Hardware deals with
Processors, Peripherals, and Memory.

Memory: It is used 1o store data or address.

Peripherals: These are the external devices connected

Processor: It is an IC which is used to perform some task
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Processors are classified into four types like:
» Micro Processor (up)
» Micro controller (jic)
> Digital Signal Processor (DSP)
» Application Specific Integrated Circuits (ASIC)

Micro Processor (up):

A silicon chip that contains a CPU. In the world of personal computers, the
terms microprocessor and CPU are used interchangeably. At the heart of all personal
computers and most workstations sits a microprocessor. Microprocessors also control

the logic of almost all digital devices, from clock radios to fuel-injection systems for

automobiles.

Three basic characteristics differentiate microprocessors:

» Instruction set: The set of instructions that the microprocessor can execute.

> Bandwidth : The number of bits processed in a single instruction.

> Clock speed : Given in megahertz (MHz), the clock speed determines how

many instructions per second the processor can execute.

In both cases, the higher the value, the more powerful the CPU. For example,
a 32-bit microprocessor that runs at 50MHz is more powerful than a 16-bit
microprocessor that runs at 25MHz. In addition to bandwidth and clock speed,

microprocessors are classified as being either RISC (reduced instruction set computer)

or CISC (complex instruction set computer).

A microprocessor has three basic elements, as shown above. The ALU
performs all arithmetic computations, such as addition, subtraction and logic
operations (AND, OR, etc). It is controlled by the Control Unit and receives its data

from the Register Array. The Register Array is a set of registers used for storing

data. These registers can be accessed by the ALU very quickly. Some registers have

specific functions - we will deal with these later. The Control Unit controls the entire

process. It provides the timing and a control signal for getting data into and out of the

registers and the ALU and it synchronizes the execution of instructions (we will deal

with instruction execution at a later date).
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Micro Controller (uc):

A microcontroller is a small computer on a single integrated circuit
containing a processor core, memory, and programmable input/output peripherals.
Program memory in the form of NOR flash or OTP ROM is also often included on
chip, as well as a typically small amount of RAM. Microcontrollers are designed for
embedded applications, in contrast to the microprocessors used in personal

computers or other general purpose applications.
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Figure: Block Diagram of Micro Controller (pc)

Digital Signal Processors {DSPs):

Digital Signal Processors is one which performs sci
specialized microprocessors with

entific and mathematical

operation. Digital Signal Processor chips -
pes of operations required in digital signal

architectures designed specifically for the ty
sor,a DSPis a programmable device,

processing. Like a general-purpose microproces
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with its own native instruction code, HSp chips are capable of carrying out millions of

floating point operations per second, and like their better-known genceral-purpose

cousins, faster and more powerful versions are continually being introduced. DSPs

can also be embedded within complex "system-on-chip" devices, oficn containing

both analog and digital circuitry.

Application Specific Integrated Circuit (ASIC)

ASIC is a combination of digital and analog circuits packed into an IC to

achieve the desired control/computation function

ASIC typically contains
> CPU cores for computation and control
> Peripherals to control timing critical functions
» Memories to store data and program
» Analog circuits to provide clocks and interface to the real world which is
analog in nature

» 1/Os to connect to external components like LEDs, memories, monitors etc.

Computer Instruction Set

There are two different types of computer instruction set there are:
1. RISC (Reduced Instruction Set Computer) and

2. CISC (Complex Instruction Set computer)

Reduced Instruction Set Computer (RISC)
A RISC (reduced instruction set computer) is a microprocessor that is

maller number of types of computer instruction so that it can

designed to perform a s

operate at a higher speed (perform m

instructions per second). Since each instruction type that
a larger list or set of computer

ore million instructions per second, or millions of

a computer must perform

requires additional transistors and circuitry,

instructions tends to make the microprocessor more complicated and slower in

operation.
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sides performance i —
Besides pe ¢ Improvement, some advantages of RISC and related design
improvements are:
» A NEW MICroprocessor s deve
P can be developed and tested more quickly if one of its aims
is to be less complicated.

Operating system an icati
PEIBRDE Y d application programmers who use the microprocessor's

instructions will find it easier to develop code with a smaller instruction set.

» The simplicity of RISC allows more freedom to choose how to use the space on a

MiCroprocessor.,
Higher-level language compilers produce more efficient code than formerly

because they have always tended to use the smaller set of instructions to be found in a
RISC computer.

RISC characteristics
» Simpleinstructionset:

In a RISC machine, the instruction set contains simple, basic instructions, from
which more complex instructions can be composed.
» Samelengthinstructions.
Each instruction is the same length, so that it may be fetched in a single operation.
» 1machine-cycleinstructions.
Most instructions complete in one machine cycle, which allows the processor to
handle several instructions at the same time. This pipelining is a key technique

used to speed up RISC machines.

Complex Instruction Set Computer (CISC)
CISC, which stands for Complex Instruction Set Computer, is a philosophy

for designing chips that are easy to program and which make efficient use of memory.

Each instruction in a CISC instruction set might perform a series of operations inside

the processor. This reduces the number of instructions required to implement a given

program, and allows the programmer to learn a small but flexible set of instructions.



The advantages of CISC

At the time ir initj
of their initjal developmem, CISC machines used available

technologies to optimize €omputer performance

>

Microprogramming i
]:i gramming is as easy as assembly language to implement, and much less
expensive than hardwiring a control unit

The -ease of micro-coding new instructions allowed designers to make CISC

machines upwardly compatible: a new Computer could run the same programs as
earlier computers because the new computer would contain a superset of the
instructions of the earlier computers.

As each instruction became more capable, fewer instructions could be used to
implement a given task. This made more efficient use of the relatively slow main
memory.

Because micro program instruction sets can be written to match the constructs of

high-level languages, the compiler does not have to be as complicated.

The disadvantages of CISC

Still, designers soon realized that the CISC philosophy had its own problems,

including:

>

Earlier generations of a processor family generally were contained as a subset in
every new version --- so instruction set & chip hardware become more complex
with each generation of computers.

So that as many instructions as possible could be stored in memory with the least
possible wasted space, individual instructions could be of almost any length---
this means that different instructions will take different amounts of clock time to
execute, slowing down the overall performance of the machine.

Many specialized instructions aren't used frequently enough to justify their
existence --- approximately 20% of the available instructions are used in a typical
program.

CISC instructions typically set the condition codes as a side effect of the

instruction. Not only does setting the condition codes take TRy DL P GRmTIGTS

have to remember to examine the condition code bits before a subsequent

instruction changes them.

10



Memory Architecture

There two different type’s memory architectures there are:
s  Harvard Architecture

e Von-Neumann Architecture

Harvard Architecture

.. Computers have Separate memory areas for program instructions and data.

There are two or more internal data buses, which allow simultaneous access to both

instructions and data. The CPU fetches program instructions on the program memory
bus.

The Harvard architecture is a computer architecture with physically separate

storage and signal pathways for instructions and data. The term originated from the

Harvard Mark I relay-based computer, which stored instructions on punched tape (24

bits wide) and data in electro-mechanical counters. These early machines had limited
data storage, entirely contained within the central processing unit, and provided no

access to the instruction storage as data. Programs needed to be loaded by an operator,
the processor could not boot itself,

| mstructions |46
[ - memory

Figure: Harvard Architecture

11




Modern uses of the Harvarg architecture:

The principal advantage of the pure

access to more than one me

Harvard architecture - simultaneous
. MOTy system - has been reduced by modified Harvard
processors using modern CPU cache Systems. Relatively pure Harvard architecture
maf:hines AR uscd. mostly in applications where tradeoffs, such as the cost and power
bt e e e o
> Digital signal processors (DSPs) generally execute small, highly-optimized audio
or video processing algorithms, They avoid caches because their behavior must
be extremely reproducible. The difficulties of coping with multiple address
spaces are of secondary concern to speed of execution. As a result, some DSPs
have multiple data memories in distinct address spaces to facilitate SIMD and
VLIW processing. Texas Instruments TMS320 C55x processors, as one example,
have multiple paralle] data busses (two write, three read) and one instruction bus.
> Microcontrollers are characterized by having small amounts of program (flash
memory) and data (SRAM) memory, with no cache, and take advantage of the
Harvard architecture to speed processing by concurrent instruction and data
access. The separate storage means the program and data memories can have
different bit depths, for example using 16-bit wide instructions and 8-bit wide
data. They also mean that instruction pre-fetch can be performed in parallel with
other activities. Examples include, the AVR by Atmel Corp, the PIC by
Microchip Technology, Inc. and the ARM Cortex-M3 processor (not all ARM

chips have Harvard architecture).

Even in these cases, it is common to have special instructions to access

program memory as data for read-only tables, or for reprogramming.

Von-Neumann Architecture
A computer has a single, common memory space in which both program

instructions and data are stored. There is a single internal data bus that fetches both

instructions and data. They cannot be performed at the same time

12



¢ von : .
Th Neumann architecture js a design model for a stored-program
digital computer that uses a central processing unit (CPU) and a single separate

& storage structure ("memory”) to hold both instructions and data. It is named afier the

t-.malhemancmn and early computer scientist John von Neumann. Such computers

_lmP lement a universal Turing machine and have a sequential architecture.

A stored-program digital computer is one that keeps its programmed
: _;_'instructions, as well as its data, in read-write, random-access memory (RAM). Stored-
program computers were advancement over the program-controlled computers of the
1940s, such as the Colossus and the ENIAC, which were programmed by setting
~ switches and inserting patch leads to route data and to control si gnals between various
s functional units. In the vast majority of modern computers, the same memory is used
 for both data and program instructions. The mechanisms for transferring the data and
' instructions between the CPU and memory are, however, considerably more complex

than the original von Neumann architecture.

The terms "von Neumann architecture" and "stored-program computer” are

generally used interchangeably, and that usage is followed in this article.

AT -vﬂ 42::&1:&7:1,! 7
. Memo DA e

Figure: Schematic of the Von-Neumann Architecture.

Basic Difference between Harvard and Von-Neumann Architecture

> The primary difference between Harvard architecture and the Von Neumann
architecture is in the Von Neumann architecture data and programs are stored in

ry and managed by the same information handling system.

architecture stores data and programs in separate memory

the same memo
»  Whereas the Harvard

devices and they are handled by different subsystems.

13
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In a computer using the Harvard architecture the CPU can both read an
instructi

e on and access data memory at the same time without cache. This means
that a computer with Harvard architecture can potentially be faster for a given

circuit complexity because data access and instruction fetches do not contend for
use of a single memory pathway.

Today, the vast majority of computers are designed and built using the Von

Neumann architecture template primarily because of the dynamic capabilities and
efficiencies gained in designing, implementing, operating one memory system as
opposed to two. Von Neumann architecture may be somewhat slower than the
contrasting Harvard Architecture for certain specific tasks, but it is much more
flexible and allows for many concepts unavailable to Harvard architecture such
as self programming, word processing and so on.

Harvard architectures are typically only used in<ither specialized systems or for
very specific uses. It is used in specialized digital signal processing (DSP),
typically for video and audio processing products. It is also used in many small
microcontrollers used in electronics applications such as Advanced RISK

Machine (ARM) based products for many vendors.

14




pescription

and the ATMega 1652 Processor.

This board will give you a great first eXperience within the world of A dui
0 rauino.

Target areas:

Maker, introduction, industries

Features

ATMega328P Processor

Memory

AVR CPU at up to 16 MHz 32KB Flash
2KB SRAM

1KB EEPROM

Security

Power On Reset (POR)
Brown Out Detection (BOD)

Peripherals

2x 8-bit Timer/Counter with a dedicated period register and compare channels

- 1x 16-bit Timer/Counter with a dedicated period register, input capture and

compare channels 1x USART with fractional baud rate generator and start-of-

frame detection
Ix controller/peripheral Serial Peripheral Interface (SPI) 1x Dual mode

controller/peripheral 12C

1x Analog Comparator (AC) with 2 scalable reference input Watchdog Timer

with separate on-chip oscillator
Six PWM channels

Interrupt and wake-up on pin change

15



ATMegal6U2 Processor
. 8-bit AVR® RISC-based microcontroller

Memory
. 16 KB ISP Flash
. 512B EEPROM
» 512B SRAM
o debugWIRE interface for on-chip debugging and programming

Power
o 2.7-5.5volts

1. The Board
Application Examples
The UNO board is the flagship product of Arduino. Regardless if you are new

to the world of electronics or will use the UNO as a tool for education purposes or

industry-related tasks.

First entry to electronics: If this is your first project within coding and electronics,
get started with our most used and documented board; Arduino UNO. It is equipped
with the well-known ATmega328P processor, 14 digital input/output pins, 6 analog
inputs, USB connections, ICSP header and reset button. This board includes

everything you will need for a great first experience with Arduino.

Industry-standard development board: Using the Arduino UNO board in

industries, there are a range of companies using the UNO board as the brain for their

PLC’s,

Education purposes: Although the UNO board has been with us for about ten years,

it is still widely used for various education purposes and scientific projects. The

board's high standard and top quality pe

real time from sensors and to trigger complex ]

formance makes it a great resource to capture

aboratory equipment to mention a few

€Xamples.

16



Related Products

Starter Kit
Tinkerkit Braccio

Robot Example

2. Ratings
mmended Operatmo Conditions

Reco
Sj“?'fihﬁl

v. t,pc'né"?:' S

< Descnpngr"_““‘-——

" Min T Max

Conser\ ative thermal limits for the | 40 °C (-40°F) | 83
| 85 °C ((185°F

whole board: |
{
NOTE: In extreme temperatures, EEPROM. v l l

oltage regulator. and
th
oscillator, might not work as expected due to the extreme lemperature mndu:onm o

power Consumption
% _ Description TN | Typ | Max | Unit
Maximum input voltage tmm\n\ Pﬂd o S 2'0 e

[ VUSBMax | Maximum input voltage from USB R 3.3 Y, \
connector i

PMax Maximum Power Consumption - - XX mA 1l

3. Functional Overview

Board Topology

Top view
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@ E]IC:$P3 o B
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Board topology
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4, Board Operation

Getting Started - IDE

. uino
ﬂeed a M]CI‘O-B USB Cable. ThiS alSO prOVidn UNO 1o }’Our Computer, yo-ua“

CS power t indi
- o the board, as Indicated by the

Getting Started - Arduino Web Editor
All Arduino boards, including this one work out-of:
’ -01-

web Editor [2], by just installing a simple plugin

the-box on the Arduino

The Arduino Web Editor is hosted online, therefore it will always be up-to-

date with the latest features and support for all boards. Follow [3] to start coding on

the browser and upload your sketches onto your board.

Getting Started - Arduino IoT Cloud
All Arduino IoT enabled products are supported on Arduino IoT Cloud which

o ;
allows you to Log, graph and analyze sensor data, trigger-events, and automate your

home or business.

Sample Sketches
Sample sketches for the Arduino XXX can be found either in the “Examples”

menu in the Arduino IDE or in the “Documentation” section of the Arduino Pro

website [4]

Online Resources

Now that you have gone through the basics 0
s by checking exciting projects on

f what you can do with the board

you can explore the endless possibilities it provide
ProjectHub (5], the Arduino Library Reference [6] and the online store [7] where you

will be able to complement your board with sensors, actuators and more

10



ﬁ

Recovery

B“”rd 11 Arduino boards have
A

¢ a buit- -in lmnllu

ader Which allows )
ase a sketch locks up the proce
In ¢
USB-
vid

SSOr ang the board IS not reachab)e

ble

ashing (he board

USB it is possible to enger bootloader
l-c \’l!l

anyn

' mode hy Ouble- lapping the r "5
ht after power up.
g
ton & d
put

inouts
tor Pin
nnec
Bk

1 nnn-- K

‘1
r;,:_—-_}

m

o -
:'mmmmmnuuﬂﬂ
L _

Pinout

20



=T { %Qshon A L i:ﬁ_f)cqenptmn
[NC Ot connecteq
JOREF | IOREF Reference for g gital logic
- V - connected to 5V
—3 | Reset Reset Reset
_..-4—-—‘;—:5;3 Power mcr Rail
..-—-5—-"'_;5_\1 Power +5V Power Rail
—6 | GND Power Ground
—= | GND Power Ground
T_\_’IN Power Voltage Input
—9 | AO Analog/GPIO Analog input 0 /GP10
10 |Al Analog/GPI10 Analog input 1 /GPIO
11 | A2 Analog/GPIO Analog input 2 /GPIO
12 | A3 Analog/GPIO Analog input 3 /GPIO
13 | A4/SDA | Analog input/I2C | Analog input 4/12C Data line
14 | A5/SCL | Analog input/I2C | Analog input 5/12C Clock line

| Dlgltal/GPIO Digital pin OIGPIOMM —

2 |DlI Digital/GP1O| Digital pin 1/GPIO

3 |D2 Digital/GPIO | Digital pin 2/GPIO

4 |D3 Digital/GPIO | Digital pin 3/GP10

5 |D4 Digital/GPIO | Digital pin 4/GPIO

6 |D5 Digital/GPIO | Digital pin 5/GPIO

7 | D6 Digital/GPIO | Digital pin 6/GP10

8 |D7 Digital/GPIO | Digital pin 7/GP1O

9 |D8 Digital/GPIO | Digital pin 8/GPI1O

10 | D9 Digital/GPIO | Digital pin 9/GPIO

11 |SS Digital SPI Chip Select

12 |MOSI | Digital SPI1 Main Out Secondary In
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6. Certifications

EU) above are in
Petination °! Conformity sole responsibility that th 'p EU Directives and
lare under our following .
e de.c ’ ential requirements of the rising the European Union
o ovement within markets comp
therefore qualify for free m
; EEA).
(EU) ang European Economic Area ( .



//{f)m-‘_':?z“ﬁl"ﬁss/w T
onfol’mSt '

— 2 .
o — 01aBS/EU. (LVD) P

A S

e EN 6095 ————
Confor™s e

1:2006/A11. :2009/A1- 22010/A12:201 1/
AC:2011

< 2004/40/EC & 2008/46/EC | |
t v

V EN 62311:2008
Conforms 10
/

e |

tion of Conformity to EU RoHS & REACH 211 01/19/2021

ratl

pecl? Arduino boards are in compliance with RoHS 2 Directive 2011/65/EU of the
parliament and RoHS 3 Directive 2015/863/EU of the Council of 4 June

European

the restriction of the use of certain hazardous substances in electrical and
2015 on
elecunmc eqmpment

/| Maximum limit (ppm)

Cadmium (Cd) 100

Mercury (Hg) 1000
Hexavalent Chromium (Cr6+) 1000

Poly Brominated Biphenyls (PBB) 1000

Poly Brominated Diphenyl ethers (PBDE) 1000
Bis(2-Ethylhexyl} phthalate (DEHP) 1000

Benzyl butyl phthalate (BBP) 132?}

Dibutyl phthalate (DBP) e
Diisobutyl phthalate (DIBP)

Exemptions: No exemptions are claimed.

Arduino Boards are fully compliant with the related requ.il‘emfmts oéil;:;f;t
Union Regulation (EC) 1907 /2006 concerning the Reglstra:mn, e
Authorization and Restriction of Chemicals (REACH). We iec::l;zdidate List of
SVHCs (https://echa.europa.eu/web/guest/candidate-list-table), 1 leeased S
Substances of Very High Concern for authorization currently re
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sresent inall products (and alg ;

l‘ ool T -]‘"(” ‘\' also Il‘nckm:c) in quantitics totaling in a concentration
- | . .‘ i¢ best ol our knowledge, we also declare that our products
do not contain any of the substances listed on the "Authorization List" (Annex XIV of
the REACH regulations) and Substances of Very Tligh (“nnco:nl; (SVHC) in zn;y
significant amounts as specified by the Annex X VI nlf(!u;ulidnlc list published by

ECHA (LEuropean Chemical Agency) 1907 /2006/1C

Conflict Mincrals Declaration

A.‘-‘.I gl.ohzll Sl'lp]')]lcr of clectronic and clectrical components, Arduino is awarc

1g : o .

of our obligations with regards to laws and regulations regarding Conflict Minerals,
spcciﬁcully the Dodd-Frank Wall Street Reform and Consumer Protection Act,
Section 1502. Arduino does not direetly source or process conflict minerals such as
Tin, Tantalum, Tungsten, or Gold. Conflict minerals arc contained in our products in
the form of solder, or as a component in metal alloys. As part of our reasonable due
diligence Arduino has contacted component supplicrs within our supply chain to
verify their continued compliance with the regulations. Based on the information

received thus far we declare that our products contain Conflict Minerals sourced from

conflict-free areas.

7. FCC Caution

Any Changes or modifications not expressly approved by the party responsible

for compliance could void the user’s authority to operate the equipment.
This device complies with part 15 of the FCC Rules. Operation is subject to
the following two conditions:

(1) This device may not cause harmful interference

(2) this device must acce

pt any interference received, including interference that may

cause undesired operation.
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FCC RF Radiation Exposure Statcment:

: . ) ; : other
|. This Transmitter must not be co-located or operating in conjunction with any

qntenna or transmitter.

- - - - - an
» This equipment complies with RF radiation exposure limits set forth for

uncontrolled environment.
: ) _ . . "
s This equipment should be installed and operated with minimum distance 20c

between the radiator & your body.

English: User manuals for license-exempt radio apparatus shall contain the
he user manual or

ry Canada

following or equivalent notice in a conspicuous location in t
alternatively on the device or both. This device complies with Indust
license-exempt RSS standard(s). Operation is subject to the following two conditions:
(1) This device may not cause interference

) This device must accept any interference, including interference that may cause

undesired operation of the device.

French: Le présent appareil est conforme aux CNR d’Industrie Canada applicables
aux appareils radio exempts de licence. L’exploitation est autorisée aux deux
conditions suivantes :

(1) I’ appareil nedoit pas produire de brouiliage

20 Dutilisateur de I’appareil doit accepter tout brouillage radioélectrique subi, méme

si le brouillage est susceptible d’en compromettre le fonctionnement.

IC SAR Warning:
English This equipment should be installed and operated with minimum

distance 20 cm between the radiator and your body.

French: Lors de I’ installation et de 1’ exploitation de ce dispositif, la distance

entre le radiateur et le corps est d *au moins 20 cm.

Important: The operating temperature of the EUT can’t exceed 85°C and shouldn’t

be lower than -40°C,

Hereby, Arduino S.r.l. declares that this product is in compliance with
essential requirements and other relevant provisions of Directive 2014/53/EU. This
Product is allowed to be used in all EU member states.
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8. cgmpany Information

5 ""A;dumo S’r.l

Vla Andrea Appiani 25 20900 MONZA I laly

Arciumo IDE

https //www ardumo cc/en/Ma‘m/Soﬁware

Getting Started

(Desktop)
Arduino IDE https://create.arduino.cc/editor 1
(Cloud)
Cloud IDE htlps://crcate.arduino.cc/projecthub/Arduino__Genuinolgelting-—

started-with-arduino- web-editor-4b3ed4a

[~ Arduino Pro
Website

https://www.arduino.cc/pro

[ Project Hub

https://create.arduino.cc/projecthub?by=part&part_id=11 332&sort

=trending

Library Reference

https:/www.arduino.cc/reference/en/

" Online Store

https://store.arduino.cc/

10. Revision History
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ARDUINO IDE
You decided 1o go and buy yourself an Arduino, but once it arrived, you

realized you have no idea what to do with it. Do ot panic, for help is at hand! In this

how-t0, We will look at how to get started with Arduino microcontroller boards. We’ll

cover software installation, as well as connecting and configuring the Arduino IDE.

you Will Need

Arduino Uno

USB B Cable

Windows 10, Windows 8, Windows 7, Mac, or Linux OS

Arduino IDE

. About 15 minutes
Step 1: Download and Install the IDE

You can download the IDE from the official Arduino website. Since the
Arduino uses a USB to serial converter (which allow it to communicate with the host
computer), the Arduino board is compatible with most computers that have a USB
port. Of course, you will need the IDE first. Luckily, the Arduino designers have
released multiple versions of the IDE for different operating systems, including
Windows, Mac, and Linux. In this tutorial, we will use Window 10, so ensure that you

download the correct version of the IDE if you do not have Windows 10.

Download the Arduino IDE

“Windows P B

ARDUINO 1.8.5

Tre spamessusedrone fre (D e THIL DD

WRTE Lok BT US0RS TI0 TN SIS TreniLn
S

Weadsss MasCor ansLunyr T eI
WTtTen B BT TELES CN FITLAL AT END DINeT I0en

terce sefoart
2 e

1ofr e LA TE LIES M TN ATy AEUTS D0C

T2 1 Cemung Started page formieanin

R
Lglvde b adiag ]

Once downloaded, install the IDE and ensure that you enable most (if not all)

of the options, INCLUDING the drivers.
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Step 2: Get the Arduino COM Port Number

.«t, you'll need to conne .
Next, Y onnect the Arduino Uno board to the computer. This is

don¢ via a USB B connection. Thanks to the wonderful world of USB, we do not need

o prov
Arduin®
cOM port (
to USB converter). Once it’s recognized, we will need to find out what port number it

has been assi
rch and select Device Manager when it shows

ide power to the Arduino, as the USB provides 5V up to 2A. When th
; 1en the

. \C \d, l H  J

is connecte he operating system should recognize the board as a generic

for example, my Arduino Uno uses a-CIHH340G, which is an RS-232 serial

o ies ..
gned. The casiest way to do this is to type “device manager” into

Windows Sea

In the Device Manager window, look for a device under “Ports (COM &

» and chances are the Arduino will be the only device on the list. In my Device

LPT)",
Manager, the Arduino shows up as COM7 (I know this because CH340 is in the

device name).

won’t always be recognized automatically. If your

Be warned, the Arduino
reinsert the

Arduino 1s not recognized. then uninstall the driver, remove the Arduino,

Arduino, find the unrecognized device, right click “Update driver”, and then click

«Search automatically”. This should fix 99 out of 100 problems.

If the Arduino is not recognized, update the driver.

In the window that appears, click “Search automatically”.

28



borts (COM & LPT)

. ;=1 Print queues

o=y Printers Disable device

| D Processors Uninstall device

SD host adapters
| g Security dev?ces Scan for hardware changes
. [3 Sensors Properties

B Software devices
~ [ Update Drivers - USB-SERIAL CH340 (COM?)

How do you want to search for drivers?

— Search automatically for updated driver software

Windows will search your computer and the Internet for the latest driver software
for your device, unless you've disabled this feature in your device installation
settings.

— Browse my computer for driver software
Locate and install driver seftware manuaily.

Windows can be a real pain sometimes with COM ports, as it can magically
change their numbers between connections. In other words, one day, your Arduino
may be on port 7 (as shown here), but then on other days, Windows may shift it to a
different port number. As I understand it, this happens when you connect other COM

ports to your system (which I do frequently).
So, if you can’t find your Arduino on the port that you usually use, just go to

your Device Manager and check what port it’s actually on and, if necessary, update

your driver.

29



Step 3: Configure the IDE

Now that .
ow .We have determined the COM port that the Arduino is on, it’s time
to load the Arduino IDE ang configure it 1o yse the same device and port. Start by

€2 sketch_jen05a | Arduing 1.8.5
File Edit Sketch Tools Help

Auto Format
Archive Sketch
Fix Encoding & Reload
void setup() Serial Monitor CtrleShifto b |
/7 put youn g |
Serial Plotter CteoShiftel | BoardsManager.
} VOiE; . i Arduino AVR Boards
IFi101 Firmviare Updater -
_ { Atduino Yin
weid dospl) B AedinaicensngUnet T SR im0
A ','curi Port T ' Arduino Duemilanove ot Diecimila
} ; GetBoard Info Arduino Nano
| f Arduino/Genuino Mega or Mega 2560
| Programmer: “AVRISP mkil* : .
' St Ir Arduino Mega ADK
' S W R p S o S L UES Arduino Leonatdo
Arduino Leonardo ETH
Arduino/Genuino Micro
Arduino Esplora
Arduino Mini
Arduino Ethernet
Arduino Fio
Arduino BT
LityPad Arduino US8
LityPad Arduino
Arduino Pro of Pro Mini
Arduino NG cr older
Arduino Robot Control i

Nex.t, you must tell the IDE which COM port the Arduino is on. To do this,
navigate to Tools > Port > COM7. Obviously, if your Arduino is on a different port,

select that port instead.



Ste

For the sake of simplicity, we will Joad

IDE €

Load the blink example.

pd: Loading a Basic Example

omes with. This example will make

an example project that the Arduino

the onboard LED blink for a second

ComimlOllSl)’- I'o load this example, click File > Examples > 01.Basics > Blink.

New

Open...
Open Recent
Sketchbook

Close
Save
Save As...

Page Setup
Print

Preferences

Quit

file Edit Sketch Tools

[ Eemples

[0, sketch_jan033 | Arduino 1.8.5

Help
CtdeN
Ctrl+0

Ctrle W
Ctrd+S
Ctel+Shift+S

Cterl+Shift+P
Ctrl+P

Ctrl+«Comma

Ctrl+Q

s ¥ R

|
i

W S—

A"
et

Built-in Examples

 OlBasics

02.Digital

03.Analeg
04.Communication
05.Control
05.5ensors
07.Display

03.Strings

03.USB
10.StarterKit_BasicKit
11.ArduinolSP

Examples for any board

Adafruit Circuit Playground

Bridge
Esplora
Ethernet
Firmata

GSM
LiquidCrystal
Robot Control
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/ith the example loaded, it's 1 ‘
W P ed, it's time 1o verify and upload the code. The verify

. cheeks the code for ¢ S AL .
stage c€hee errors, then compiles the ready-for-uploading code to the

ol The upload stage ac . = "
Arduino. The upload stage actually takes the binary data, which was ereated from the

code. and uploads it to the Arduino via the serial port

To verify and compile the code, press the cheek mark button in the upper left

window.

The “Verify™ button will compile the Arduino code.
If the compilation stage was successful, you should sce the following message
in the output window at the bottom of the IDE. You might also sec a similar

message—just it’s one that does not have words like “ERROR™ and “WARNING™.

This is a successful compilation.

With the code compiled, you must now upload it the Arduino Uno. To do this,

click the arrow next to the check mark.

The “Upload™ button will program the Arduino with your code.
RF COMMUNICATION:
Radio frequency:

Radio frequency (RF) is a rate of oscillation in the range of about 3 kHz to
300 GHz, which corresponds to the frequency of radio waves, and the alternating
currents which carry radio signals. RF usually refers to electrical rather than

mechanical oscillations, although mechanical RF systems do exist.

General physics of radio signals:

RF communication works by creating electromagnetic waves at a source and
being able to pick up those electromagnetic waves at a particular destination. These
electromagnetic waves travel through the air at near the speed of light. The
wavelength of an electromagnetic signal is inversely proportional to the frequency:

the higher the frequency, the shorter the wavelength.
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Frequency is measured in Hentz (cycles per second) and radio frequencies are
mcasur"d in kilohertz (KHz or thousands of cycles per second), megahertz (MHz or
millions of cycles per second) and gigahertz (GHz or billions of cycles per second).
Higher frequencies result in shorter wavelengths. The wavelength for a 900 MHz
device is longer than that of a 2.4 GHz device.

In general, signals with longer wavelengths travel a greater distance and

penetrate through, and around objects better than signals with shorter wavelengths.

RF COMM UNICATION:

RF communication stands for Radio Frequency communication in which
communication is purely based on radio frequency (3khz to 300ghz).we can send and
receive data using Radio frequency.

RF section consists of two units i.e.,

o« TRANSMITTER UNIT

e RECEIVER UNIT

& TRANSMITTER UNIT: In this unit we have RF transmitter with antenna
connected to encoder inorder to encode the digital data which is to be transmitted
in the form of radio waves.

& RECEIVER UNIT : In this unit we have RF receiver with antenna connected to

decoder inorder to decode the digital data which is transmitted by the transmitter

unit is received by this unit using radio waves

How does an RF communication system work?

Imagine an RF transmitter wiggling an electron in one location. This wiggling

ffect, somewhat akin to dropping a pebble in a pond. The

(EM) wave that travels out from the initial location

clectron causes a ripple e

effect is an electromagnetic

resulting in electrons wiggling in remote locations. An RF receiver can detect this

remote electron wiggling.

The RF communication system then utilizes this phenomenon by wiggling

electrons in a specific pattern to represent information. The receiver can make this

same information available at a remote location; communicating with no wires.
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ate over a certain distance (range i " . .
oper (range) and transfer a certain amount of information

thi ime frame .
within a time frame (data rate). Then the economics of the system must work out

= - C - - .
(price) along with acquiring government agency approvals (regulations and licensing).

How is range determined?

In order to accurately compute range — it is cssential to understand a few

terms:

dB - Decibels

Decibels are logarithmic units that are ofien used to represent RF power. To
convert from watts to dB: Power in dB = 10* (log x) where x is the power in watts.
Another unit of measure that is encountered often is dBm (dB milliwatts). The
conversion formula for it is Power in dBm = 10* (log x) where x is the power in

milliwatts.

Line-of-site (LOS)

Line-of-site when speaking of RF means more than just being able to see the
receiving antenna from the transmitting antenna. In, order to have true line-of-site no
objects {including trees, houses or the ground) can be in the Fresnel zone. The Fresnel
sone is the area around the visual line-of-sight that radio waves spread out into after
they leave the antenna. This area must be clear or else signal strength will weaken.

There are essentially two parameters to look at when trying to determine range.

Transmit Power
Transmit power refers to the amount of RF power that comes out of the

antenna port of the radio. Transmit power is usually measured in Watts, milliwatts or

dBm. (For conversion between watts and dB see below.)

Receiver sensitivity

Receiver sensitivity refers to the minimum level signal the radio can

demodulate, It is convenient to use an example with sound waves; Transmit power is

how loud someone is yelling and receive sensitivity would be how soft a voice

someone can hear. Transmit power and receive sensitivity together constitute what is
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PRT A7 Ve 13001,
know as link budget”. The link budpet iy the (o1n) (
- mount ol signal attepuation yo
' NNALION You

CEIVer and

can have between the transmitter ang ye .
il have communiention oceur,

pxample:
Maxstream OXStream TX Power: 20dB3im
Maxstream OXStream RX Scnh‘ilivhy; ~110dBm
Total Link budget: 130dBm.

For line-of-site situations, a mathe

matical formula can be used 1o fipure out

the approximate range for a given link budget. For non line-of-site applications range

calculations are more complex because of the various ways the signal can be
. L il alpile €

attenuated.

Frequency: 2.4 GHz :

2.4 GHz systems present the best option for wireless networks for supply
chain managers. This band has significantly greater bandwidth and hence supports
higher data rates well above 11 Mbps. The power output varies between 35-100 mW
depending on the manufacturer, and the range is 50 to 200 meters (165 to 660 feet)
depending on the technology used. The advantages of using the higher bandwidth
available at 2.4 GHz is that response times are reduced and a host of new applications
are possible. These include speech input (e.g. the use of headsets by operators), the

integration of telephone systems, the use of buzzers and beepers with single-line

displays, and the incorporation of devices such as laptops, desktops and printers.

RF communications and data rate

Data rates are usually dictated by the system - how much data must be
transferred and how often does the transfer need to take place. Lower data rates, allow
the radio module to have better receive sensitivity and thus more range. In the
XStream modules the 9600 baud module has 3dB more sensitivity than the 19200
baud module. This means about 30% more distance in line-of-sight conditions. Higher

data rates allow the communication to take place in less time, potentially using less

power to transmit.
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Description:
Transformer:

A transformer is a device that transfers €electrical energy from one circuit to
another through inductively coupled conductors—the transformer's coils. A varying
current in the first or primary winding creates a varying magnetic flux in the
transformer's core, and thus a varying magnetic field through the secondary winding.
This varying magnetic field induces a varying electromotive force (EMF) or "voltage"

in the secondary winding. This effect is called mutual induction.

+5V



I L
Figure: Transformer Symbol

(or)

Transformer is a device that converts the one form energy to another form of

energy Jike a transducer.

Flectricity ~ Primary Secondary Electricity
in —> Coil Coil —> out
(inpul) (outpul)

Figure: Transformer

Basic Principle :

A transformer makes use of Faraday's law and the ferromagnetic properties of

an iron core to efficiently raise or lower AC voltages. It of course cannot increase

power so that if the voltage is raised, the current is proportionally lowered and vice

versa.

Fro
Fomays  For ideal transformer
Law From consarvation
V. Tha voltage ratio s equal to of enargy
i_ﬂ& mlﬂmsfaﬂo,ammmriﬂ P _V l - V l = P
P—N equals powior oul p=Vp'lp~T ¥s'sT 'S
P
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Figure: Basic Principle

Transformer Working:
A transformer consists of two coils (often called ‘windings’) linked by an iron
core, as shown in figure below. There is no electrical connection between the coils,

instead they are linked by a magnetic field created in the core.
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Figure: Basic Transformer

Transformers are used to convert electricity from one voltage to another with
minimal loss of power. They only work with AC (alternating current) because they

require a changing magnetic field to be created in their core. Transformers can

ncrease voltage (step-up) as well as reduce voltage (step-down).
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Alternating current flowing j :
. . net; field i ] Ng In the primary (input) coil creates a continually
changing m g in the iron core. This field also passes through th d
coil and the changi MER TG SEconnily
(outP?) £Ing strength of the magnetic field induces an alternating

.- condary coi
voltage in the s€ ndary coil. If the secondary coil is connected to a load the induced
induce

ill make an i
yoltage will induced current flow. The correct term for the induced voltage is

nduced electromotive force' which is usually abbreviated to induced e.m.f{

The iron core is laminated to prevent 'eddy currents' flowing in the core. These
are currents produced by the alternating magnetic field inducing a small voltage in the
core, just like that induced in the secondary coil. Eddy currents waste power by
peedlessly heating up the core but they are reduced to a negligible amount by

Jaminating the iron because this increases the electrical resistance of the core without
affecting its magnetic properties.

Transformers have two great advantages over other methods of changing voltage:

1. They provide total electrical isolation between the input and output, so they can be
safely used to reduce the high voltage of the mains supply.

2. Almost no power is wasted in a transformer. They have a high efficiency (power

out / power in) of 95% or more.

Classification of Transformer:
» Step-Up Transformer

» Step-Down Transformer

Step-Down Transformer:

Step down transformers are designed to reduce electrical voltage. Their
primary voltage is greater than their secondary voltage. This kind of transformer

"steps down" the voltage applied to it. For instance, a step down transformer is needed

to use a 110v product in a country with a 220v supply.

Step down transformers convert electrical voltage from one level or phase

configuration usually down to a lower level. They can include features for electrical

isolation, power distribution, and control and instrumentation applications. Step down

transformers typically rely on the principle of magnetic induction between coils t0

convert voltage and/or current levels.



step down transformers are made from two or more coils of insulated wire
wound around a corc made of iron. When voltage is applied to one coil (frequently
ca“Cd the primary or input) it magnetizes the iron core, which induces a voltage in the

other coil, (frequently called the secondary or output). The turn’s ratio of the two sets

of windings determines the amount of voltage transformation

Pedinary _ Becondary

e A AN et :
1000V Home L 200y
2 A L TR EN 10 turns =2 T10A
=

2000w 2000 W

Figure: Step-Down Transformer
An example of this would be: 100 turns on the primary and 50 turns on the

secondary, a ratioof 2 to 1.

Step down transformers can be considered nothing more than a voltage ratio
device.

With step down transformers the voltage ratio between primary and secondary
will mirror the "turn’s ratio” (except for single phase smaller than 1 kva which have
compensated secondary). A practical application of this 2 to 1 turn’s ratio would be a
480 to 240 voltage step down. Note that if the input were 440 volts then the output
would be 220 volts. The ratio between input and output voltage will stay constant.
Transformers should not be operated at voltages higher than the nameplate rating, but
may be operated at lower voltages than rated. Because of this it is possible to do some

non-standard applications using standard transformers.

Single phase step down transformers 1 kva and larger may also be reverse
connected to step-down or step-up voltages. (Note: single phase step up or step down
transformers sized less than 1 KVA should not be reverse connected because the
secondary windings have additional turns to overcome a voltage drop when the load is

applied. If reverse connected, the output voltage will be less than desired.)
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stcp-Up Transformer:

A step up transformer has more turns of wire on the secondary coil, which

kes a larger induced voltage in the secondary coil. It is called a step up transformer

se the voltage output is larger than the voltage input.

ma

pecau

Step-up transformer 110v 220v design is one whose secondary voltage is
greater {han its primary voltage. This kind of transformer "steps up" the voltage
applied 10 it. For instance, a step up transformer is needed to use a 220v product in a

country with a 110v supply.

A step up transformer 110v 220v converts alternating current (AC) from one
voltage to another voltage. It has no moving parts and works on a magnetic induction
principle; it can be designed to "step-up" or "step-down" voltage. So a step up
transformer increases the voltage and a step down transformer decreases the voltage.
The primary components for voltage transformation are the step up transformer core
and coil. The insulation is placed between the turns of wire to prevent shorting to one
another or to ground. This is typically comprised of Mylar, nomex, Kraft paper,
varnish, or other materials. As a transformer has no moving parts, it will typically

have a life expectancy between 20 and 25 years.

Figure: Step-Up Transformer

Applications
Generally these Step-Up Transformers are used in industries applications

only.
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Turs$ Ratio and Voltage
u
ratio of the number of tumsg :
The . on the primary and secondary coils
mines the ratio of the voltages...

dete
Vs N
V. N
P p

__where Vp is the primary (input) voltage, Vs is the second

ary {output) voltage,
. is the number of turns on the primary
INp

coil, and Ns is the number of turns on the
' coil.

Diodes:
Diodes allow electricity to flow in only one direction. The arrow of the circuit
symb01 shows the direction in which the current can flow. Diodes are the electrical

version of a valve and early diodes were actually called valves.
Zhe

A diode is a device which only allows current to flow through it in one

Figure: Diode Symbol

direction. In this direction, the diode is said to be 'forward-biased' and the only effect
on the signal is that there will be a voltage loss of around 0.7V. In the opposite

direction, the diode is said to be 'reverse-biased' and no current will flow through it.

Rectifier

The purpose of a rectifier is to convert an AC waveform into a DC waveform
(OR) Rectifier converts AC current or voltages into DC current or voltage. There are
two different rectification circuits, known as 'half-wave' and 'full-wave' rectifiers.

Both use components called diodes to convert AC into DC.
The Half-wave Rectifier

The half-wave rectifier is the simplest type of rectifier since it only uses one

diode, as shown in figure .
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Figure: Half Wave Rectifier

Figure 2 shows the AC input waveform to this circuit and the resulting output.
As you can see, when the AC input is positive, the diode is forward-biased and lets
the current through. When the AC input is negative, the diode is reverse-biased and
the diode does not let any current through, meaning the output is 0V. Because there is
a 0.7V voltage loss across the diode, the peak output voltage will be 0.7V less than
Vs.

AC Input

NANVANEN
(IAVARY,

Rectifier Output

A
/

ov

Here the voltage is OV because
-V the diode is reverse-biased

Figure: Half-Wave Rectification
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While the output of the half-wave rectifier is DC (it is all positive), it would
not be suitable as a power supply for a circuit. Firstly, the output voltage continually
varies between OV and Vs-0.7V, and secondly, for half the time there is no output at
all.

The Full-wave Rectifier
The circuit in figure 3 addresses the second of these problems since at no time

is the output voltage OV. This time four diodes are arranged so that both the positive

and negative parts of the AC waveform are converted to DC. The resulting waveform

is shown in figure 4.

o
VS AC INPUT cC A
FROM @
TRANSFORMER B D
Vs-14V
0
4 DIODES
DC
OUTFUT
o ov

Figure: Full-Wave Rectifier

AC Input

N ANVANES
_v \

Rectifier Output
+V

Time

-V

Figure: Full-Wave Rectification
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When the AC input is positive, diodes A and B are forward-biaseds whi

diodes C and D are reverse-biased. When the AC input is negative, the oppo

true - diodes C and D are forward-biased, while diodes A and B are reverse-biased:

site is

i i its
While the full-wave rectifier is an improvement on the half-wave rectifier,

iy ) . ae
output still isn't suitable as a power supply for most circuits sInce the output voltag

still varies between OV and Vs-1.4V. So, if you put 12V AC in, you will 10.6V DC
out.
Capacitor Filter

The capacitor-input filter, also called "Pi" filter due to its shape that looks

. .. ; N v
like the Greek letter pi, is a type of electronic filter. Filter circuits are used to remove

unwanted or undesired frequencies from a signal.

C1 R - RL

Figure: Capacitor Filter

A typical capacitor input filter consists of a filter capacitor ClI, connected
across the rectifier output, an inductor L, in series and another filter capacitor
connected across the load.

1. The capacitor C1 offers low reactance to the AC component of the rectifier output
while it offers infinite reactance to the DC component. As a result the capacitor
shunts an appreciable amount of the AC component while the DC component

continues its journey to the inductor L
The inductor L offers high reactance to the AC component but it offers almost

2.
zero reactance to the DC component. As a result the DC component flows through
the inductor while the AC component is blocked.

3. The -capacitor C2 bypasses the AC component which the inductor had failed to

block. As a result only the DC component appears across the load RL.



3 )

Figure: Centered Tapped Full-Wave Rectifier with a Capacitor Filter

Voltage Regulator:

A voltage regulator js an clectrical regulator designed to automatically
maintain a constant voltage level. It may use an electromechanical mechanism, or
passive or active electronic components. Depending on the design, it may be used to
regulate one or more AC or DC voltages. There are two types of regulator are they.

>  Positive Voltage Series (78xx) and
»  Negative Voltage Series (79xx)
78xx:’78’ indicate the positive series and "xx’indicates the voltage rating. Suppose

7805 produces the maximum 5V.’05’indicates the regulator output is 5V.

79xx:’78’ indicate the negative series and ‘xx’indicates the voltage rating. Suppose
7905 produces the maximum -5V.’05’indicates the regulator output is -5V,

These regulators consists the three pins there are

Pinl: It is used for input pin.

Pin2: This is ground pin for regulator
Pin3: It is used for output pin. Through this pin we get the output.

Figure: Regulator
46



Code:
/1!
Software serial multple serial test

Receives from the hardware serial, sends to software serial.

Receives from software serial, sends to hardware serial.

The circuit:
* RX is digital pin 10 (connect to TX of other device)

* TX is digital pin 11 (connect to RX of other device)

Note:
Not all pins on the Mega and Mega 2560 support change interrupts,

so only the following can be used for RX:
10, 11, 12, 13, 50, 51, 52, 53, 62, 63, 64, 65, 66, 67, 68, 69

Not all pins on the Leonardo and Micro support change interrupts,

so only the following can be used for RX:
8,9, 10, 11, 14 (MISO), 15 (SCK), 16 (MOSI).

created back in the mists of time
modified 25 May 2012

by Tom Igoe
based on Mikal Hart's example

This example code is in the public domain.

*/
#include <SoftwareSerial.h>

SoftwareSerial mySerial(10, 11); // RX, TX

void setup() {
// Open serial communications and wait for port to open:
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Serial.begin(57600);
while ('Serial) {

; // wait for serial port to connect. Needed for native USB port only
}

Sexial.println("Goodxﬁght moon!");
// set the data rate for the SoftwareSerial port
mySerial.begin(4800);

my Serial.println("Hello, world?")

.
3

[

void loop() { // run over and over
if (mySerial.avaiIableO) {
Serial.write(mySerial.readO);
}
if (Serial.available()) {
mySerial.wrile(Seﬁal.readO);
}
}
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