
WIRELESS COMMUNICATIONS

Topic Objective:

By the end of the topic the students will be able to:

 Explain Use of Wireless Technology

 Understand Wireless World

 Highlight Bluetooth

 Know Ultra Wide Band

 Define Satellite Networks

 Describe Cellular Networks

 Evaluate Wireless Local Area Networks

 Elaborate Fixed Broadband Wireless

 Identify Wireless Wide Area Network

 Examine Wireless Landscape

 Analyze Digital Convergence

Definition/Overview:

This topic provides an introduction to wireless communications. Students will learn how the

major wireless technologies are used today. Next, students will study various applications of

wireless communications technology. This topic also explains the advantages and

disadvantages of wireless communications technology. Finally, this topic lists several

different wireless technologies.

Key Points:

1. Use of Wireless Technology

Wireless communication is the transfer of information over a distance without the use of

electrical conductors or "wires". The distances involved may be short (a few meters as in

television remote control) or long (thousands or millions of kilometers for radio

communications).
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When the context is clear, the term is often shortened to "wireless". Wireless

communication is generally considered to be a branch of telecommunications. It

encompasses various types of fixed, mobile, and portable two way radios, cellular

telephones, personal digital assistants (PDAs), and wireless networking. Other examples

of wireless technology include GPS units, garage door openers and or garage doors,

wireless computer mice, keyboards and headsets, satellite television and cordless

telephones. The term "wireless" has become a generic and all-encompassing word used to

describe communications in which electromagnetic waves or RF (rather than some form

of wire) carry a signal over part or the entire communication path. Common examples of

wireless equipment in use today include:

 Professional LMR (Land Mobile Radio) and SMR (Specialized Mobile Radio) typically used

by business, industrial and Public Safety entities

 Consumer Two Way Radio including FRS (Family Radio Service), GMRS (General Mobile

Radio Service) and Citizens band ("CB") radios

 The Amateur Radio Service (Ham radio)

 Consumer and professional Marine VHF radios

 Cellular telephones and pagers: provide connectivity for portable and mobile applications,

both personal and business.

 Global Positioning System (GPS): allows drivers of cars and trucks, captains of boats and

ships, and pilots of aircraft to ascertain their location anywhere on earth.

 Cordless computer peripherals: the cordless mouse is a common example; keyboards and

printers can also be linked to a computer via wireless.

 Cordless telephone sets: these are limited-range devices, not to be confused with cell phones.

 Satellite television: allows viewers in almost any location to select from hundreds of

channels.

 Wireless gaming: new gaming consoles allow players to interact and play in the same game

regardless of whether they are playing on different consoles. Players can chat, send text

messages as well as record sound and send it to their friends. Controllers also use wireless

technology. They do not have any cords but they can send the information from what is being

pressed on the controller to the main console which then processes this information and

makes it happen in the game. All of these steps are completed in milliseconds.

 Wireless Implantable Medical Devices: Figure below illustrates the advancements in the field

of medical engineering. Thus, helping millions of people world wide.
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Wireless networking (i.e. the various types of unlicensed 2.4 GHz WiFi devices) is used

to meet many needs. Perhaps the most common use is to connect laptop users who travel

from location to location. Another common use is for mobile networks that connect via

satellite. A wireless transmission method is a logical choice to network a LAN segment

that must frequently change locations. The following situations justify the use of wireless

technology:

 To span a distance beyond the capabilities of typical cabling,

 To avoid obstacles such as physical structures, EMI, or RFI,

 To provide a backup communications link in case of normal network failure,

 To link portable or temporary workstations,

 To overcome situations where normal cabling is difficult or financially impractical, or

 To remotely connect mobile users or networks.

Applications may involve point-to-point communication, point-to-multipoint

communication, broadcasting, cellular networks and other wireless networks. The term

"wireless" should not be confused with the term "cordless", which is generally used to

refer to powered electrical or electronic devices that are able to operate from a portable

power source (e.g. a battery pack) without any cable or cord to limit the mobility of the

cordless device through a connection to the mains power supply. Some cordless devices,

such as cordless telephones, are also wireless in the sense that information is transferred

from the cordless telephone to the telephone's base unit via some type of wireless

communications link. This has caused some disparity in the usage of the term "cordless",

for example in Digital Enhanced Cordless Telecommunications. In the last fifty years,

wireless communications industry experienced drastic changes driven by many

technology innovations.

1. Wireless World

The term "Wireless" came into public use to refer to a radio receiver or transceiver (a dual

purpose receiver and transmitter device), establishing its usage in the field of wireless

telegraphy early on; now the term is used to describe modern wireless connections such

as in cellular networks and wireless broadband Internet. It is also used in a general sense
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to refer to any type of operation that is implemented without the use of wires, such as

"wireless remote control" or "wireless energy transfer", regardless of the specific

technology (e.g. radio, infrared, ultrasonic) that is used to accomplish the operation.

David E. Hughes, eight years before Hertz's experiments, induced electromagnetic waves

in a signaling system. Hughes transmitted Morse code by an induction apparatus. In 1878,

Hughes's induction transmission method utilized a "clockwork transmitter" to transmit

signals. In 1885, T. A. Edison used a vibrator magnet for induction transmission. In 1888,

Edisondeploys a system of signaling on the Lehigh Valley Railroad. In 1891, Edison

attains the wireless patent for this method using inductance.

In the history of wireless technology, the demonstration of the theory of electromagnetic

waves by Heinrich Rudolf Hertz in 1888 was important. The theory of electromagnetic

waves were predicted from the research of James Clerk Maxwell and Michael Faraday.

Hertz demonstrated that electromagnetic waves could be transmitted and caused to travel

through space at straight lines and that they were able to be received by an experimental

apparatus. The experiments were not followed up by Hertz. The practical applications of

the wireless communication and remote control technology were implemented by Nikola

Tesla.

2. Bluetooth

Bluetooth is a wireless protocol for

exchanging data over short distances from fixed and mobile devices, creating personal

area networks (PANs). It was originally conceived as a wireless alternative to RS232 data

cables. It can connect several devices, overcoming problems of synchronization.

Bluetooth uses a radio technology called frequency-hopping spread spectrum, which

chops up the data being sent and transmits chunks of it on up to 79 frequencies. In its

basic mode, the modulation is Gaussian frequency-shift keying (GFSK). It can achieve a

gross data rate of 1 Mb/s. Bluetooth provides a way to connect and exchange information

between devices such as mobile phones, telephones, laptops, personal computers,

printers, Global Positioning System (GPS) receivers, digital cameras, and video game
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consoles through a secure, globally unlicensed Industrial, Scientific, and Medical (ISM)

2.4 GHz short-range radio frequency bandwidth. The Bluetooth specifications are

developed and licensed by the Bluetooth Special Interest Group (SIG). The Bluetooth

SIG consists of companies in the areas of telecommunication, computing, networking,

and consumer electronics. A personal computer must have a Bluetooth adapter in order to

communicate with other Bluetooth devices (such as mobile phones, mice and keyboards).

While some desktop computers and most recent laptops come with a built-in Bluetooth

adapter, others will require an external one in the form of a dongle. Unlike its

predecessor, IrDA, which requires a separate adapter for each device, Bluetooth allows

multiple devices to communicate with a computer over a single adapter.

3. Ultra Wide Band

Ultra-wideband (aka UWB, ultra-wide band, ultraband, etc.) is a radio technology that

can be used at very low energy levels for short-range high-bandwidth communications by

using a large portion of the radio spectrum. This method is using pulse coded information

with sharp carrier pulses at a bunch of center frequencies in logical connex. UWB has

traditional applications in non cooperative radar imaging. Most recent applications target

sensor data collection, precision locating and tracking applications. UWB

communications transmit in a way that doesn't interfere largely with other more

traditional 'narrow band' and continuous carrier wave uses in the same frequency band.

However first studies show that the rise of noise level by a number of UWB transmitters

puts a burden on existing communications services. This may be hard to bear for

traditional systems designs and may affect the stability of such existing systems. Ultra-

Wideband (UWB) is a technology for transmitting information spread over a large

bandwidth (>500 MHz) that should, in theory and under the right circumstances, be able

to share spectrum with other users. Regulatory settings of FCC are intended to provide an

efficient use of scarce radio bandwidth while enabling both high data rate personal-area

network (PAN) wireless connectivity and longer-range, low data rate applications as well

as radar and imaging systems.

Ultra Wideband was traditionally accepted as pulse radio, but the FCC and ITU-R now

define UWB in terms of a transmission from an antenna for which the emitted signal

bandwidth exceeds the lesser of 500 MHz or 20% of the center frequency. Thus, pulse-

based systemswherein each transmitted pulse instantaneously occupies the UWB
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bandwidth, or an aggregation of at least 500 MHz worth of narrow band carriers, for

example in orthogonal frequency-division multiplexing (OFDM) fashioncan gain access

to the UWB spectrum under the rules. Pulse repetition rates may be either low or very

high. Pulse-based radars and imaging systems tend to use low repetition rates, typically in

the range of 1 to 100 megapulses per second. On the other hand, communications systems

favor high repetition rates, typically in the range of 1 to 2 giga-pulses per second, thus

enabling short-range gigabit-per-second communications systems. Each pulse in a pulse-

based UWB system occupies the entire UWB bandwidth, thus reaping the benefits of

relative immunity to multipath fading (but not to intersymbol interference), unlike carrier-

based systems that are subject to both deep fades and intersymbol interference.

A significant difference between traditional radio transmissions and UWB radio

transmissions is that traditional systems transmit information by varying the power level,

frequency, and/or phase of a sinusoidal wave. UWB transmissions transmit information

by generating radio energy at specific time instants and occupying large bandwidth thus

enabling a pulse-position or time-modulation. The information can also be imparted

(modulated) on UWB signals (pulses) by encoding the polarity of the pulse, the amplitude

of the pulse, and/or by using orthogonal pulses. UWB pulses can be sent sporadically at

relatively low pulse rates to support time/position modulation, but can also be sent at rates

up to the inverse of the UWB pulse bandwidth. Pulse-UWB systems have been

demonstrated at channel pulse rates in excess of 1.3 giga-pulses per second using a

continuous stream of UWB pulses (Continuous Pulse UWB or "C-UWB"), supporting

forward error correction encoded data rates in excess of 675 Mbit/s Ref. Such a pulse-

based UWB method using bursts of pulses is the basis of the IEEE 802.15.4a draft

standard and working group, which has proposed UWB as an alternative PHY layer.

One of the valuable aspects of UWB radio technology is the ability for a UWB radio

system to determine "time of flight" of the direct path of the radio transmission between

the transmitter and receiver at various frequencies. This helps to overcome multi path

propagation, as at least some of the frequencies pass on radio line of sight. With a

cooperative symmetric two-way metering technique distances can be measured to high

resolution as well as to high accuracy by compensating for local clock drifts and

stochastic inaccuracies. Another valuable aspect of pulse-based UWB is that the pulses

are very short in space (less than 60 cm for a 500 MHz wide pulse, less than 23 cm for a
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1.3 GHz bandwidth pulse), so most signal reflections do not overlap the original pulse,

and thus the traditional multipath fading of narrow band signals does not exist. However,

there still is multipath propagation and inter-pulse interference for fast pulse systems

which have to be mitigated by coding techniques.

4. Satellite Networks

The satellites each contain seven Motorola/Freescale PowerPC 603E processors running

at roughly 200 MHz. Processors are connected by a custom backplane network. One

processor is dedicated to each cross-link antenna ("HVARC"), and two processors

("SVARC"s) are dedicated to satellite control, one being a spare. Late in the project an

extra processor ("SAC") was added to perform resource management and phone call

processing. The cellular look down antenna has 48 spot beams arranged as 16 beams in

three sectors. The four inter-satellite cross links on each satellite operate at 10 Mbit/s. The

inventors of the system had previously worked on a government study in the late 1980s

that showed that microwave cross links were simpler and had fewer risks than optical

cross links. Although optical links could have supported a much greater bandwidth and a

more aggressive growth path, microwave cross links were favored because the bandwidth

was more than sufficient for the desired system. Nevertheless, a parallel optical cross link

option was carried through a critical design review, and ended when the microwave cross

links were shown to support the size, weight and power requirements allocated within the

individual satellite's budget. In recent press releases, Iridium Satellite LLC has stated that

their second generation satellites would also use microwave, not optical, inter-satellite

communications links. Such cross-links are unique in the satellite telephone industry, as

other providers do not relay data between satellites.

The original design envisioned a completely static 1960s "dumb satellite" with a set of

control messages and time-triggers for an entire orbit that would be uploaded as the

satellite passed over the poles. It was found that this design did not have enough

bandwidth in the space-based backhaul to upload each satellite quickly and reliably over

the poles. Therefore, the design was scrapped in favor of a design that performed dynamic

control of routing and channel selection late in the project, resulting in a one year delay in
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system delivery. Each satellite can support up to 1100 concurrent phone calls and weighs

about 1,500 pounds (700 kg).

5. Cellular Networks

A cellular network is a radio network made up of a number of radio cells (or just cells)

each served by a fixed transmitter, known as a cell site or base station. These cells are

used to cover different areas in order to provide radio coverage over a wider area than the

area of one cell. Cellular networks are inherently asymmetric with a set of fixed main

transceivers each serving a cell and a set of distributed (generally, but not always, mobile)

transceivers which provide services to the network's users.

Cellular networks offer a number of advantages over alternative solutions:

 increased capacity

 reduced power usage

 better coverage

A good (and simple) example of a cellular system is an old taxi driver's radio system

where the taxi company will have several transmitters based around a city each operated

by an individual operator.

In the figure:

MS = Mobile station - Device used to communicate over the cellular network.

BST = Base station transceiver - Device used to communicate over the cellular

network.

BSC = Base station controller - Device used to communicate over the cellular

network.

MSC = Mobile switching centre - The heart of the network, sets up and maintains

calls made over the network.
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PSTN = Public switched telephone network - The land based section of the network.

The primary requirement for a network to succeed as a cellular network is for it to have

developed a standardised method for each distributed station to distinguish the signal

emanating from its own transmitter from the signals received from other transmitters.

Presently, there are two standardised solutions to this issue, frequency division multiple

access (FDMA) and code division multiple access (CDMA). FDMA works by using varying

frequencies for each neighbouring cell. By tuning to the frequency of a chosen cell the

distributed stations can avoid the signal from other cells. The principle of CDMA is more

complex, but achieves the same result; the distributed transceivers can select one cell and

listen to it. Other available methods of multiplexing such as polarization division multiple

access (PDMA) and time division multiple access (TDMA) cannot be used to separate signals

from one cell to the next since the effects of both vary with position and this would make

signal separation practically impossible. Time division multiple access, however, is used in

combination with either FDMA or CDMA in a number of systems to give multiple channels

within the coverage area of a single cell. In the case of the aforementioned taxi company,

each radio has a knob. The knob acts as a channel selector and allows the radio to tune to

different frequencies. As the drivers move around, they change from channel to channel. The

drivers know which frequency covers approximately what area. When they don't get a signal

from the transmitter, they also try other channels until they find one which works. The taxi

drivers only speak one at a time, as invited by the operator (in a sense TDMA).

Practically every cellular system has some kind of broadcast mechanism. This can be

used directly for distributing information to multiple mobiles, commonly, for example in

mobile telephony systems, the most important use of broadcast information is to set up

channels for one to one communication between the mobile transreceiver and the base

station. This is called paging. The details of the process of paging vary somewhat from

network to network, but normally we know a limited number of cells where the phone is

located (this group of cells is called a Location Area in the GSM or UMTS system, or

Routing Area if a data packet session is involved). Paging takes place by sending the

broadcast message to all of those cells. Paging messages can be used for information

transfer. This happens in pagers, in CDMA systems for sending SMS messages, and in

the UMTS system where it allows for low downlink latency in packet-based connections.
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6. Wireless Local Area Networks

A wireless LAN (shortly WLAN) is a wireless local area network that links two or more

computers or devices using spread-spectrum or OFDM modulation technology based to

enable communication between devices in a limited area. This gives users the mobility to

move around within a broad coverage area and still be connected to the network. For the

home user, wireless has become popular due to ease of installation, and location freedom

with the gaining popularity of laptops. Public businesses such as coffee shops or malls

have begun to offer wireless access to their customers; some are even provided as a free

service. Large wireless network projects are being put up in many major cities. Google is

even providing a free service to Mountain View, California and has entered a bid to do

the same for San Francisco. New York City has also begun a pilot program to cover all

five boroughs of the city with wireless Internet access.

7. Fixed Broadband Wireless

Fixed Wireless Terminal units differ from conventional mobile terminal units operating

within cellular networks - such as GSM - in that a fixed wireless terminal or desk phone

will be limited to an almost permanent location with almost no roaming abilities. WLL

and FWTs are generic terms for radio based telecommunications technologies and the

respective devices which can be implemented using a number of different wireless and

radio technologies. Wireless Local Loop service is segmented into a number of broad

market and deployment groups. Services are split between Licensed - commonly used by

Carriers and Telcos - and Unlicensed services more commonly deployed by home users

and Wireless ISPs (WISPs).

8. Wireless Wide Area Network

A WWAN differs from a WLAN (wireless LAN) in that it uses Mobile

telecommunication cellular network technologies such as WIMAX (though it's better

applicated into WMAN Networks), UMTS, GPRS, CDMA2000, GSM, CDPD, Mobitex,

HSDPA or 3G to transfer data. It can use also LMDS and Wi-Fi to connect to the

Internet. These cellular technologies are offered regionally, nationwide, or even globally

and are provided by a wireless service provider, typically on paid basis. WWAN

connectivity allows a user with a laptop and a WWAN card to surf the web, check email,
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or connect to a Virtual Private Network (VPN) from anywhere within the regional

boundaries of cellular service. Various computers now have integrated WWAN

capabilities (Such as HSDPA in Centrino). This means that the system has a cellular radio

(GSM/CDMA) built in, which allows the user to send and receive data. There are two

basic means that a mobile network may use to transfer data:

 Packet-switched Data Networks (GPRS/CDPD)

 Circuit-switched dial-up connections

Since radio communications systems do not provide a physically secure connection path,

WWANs typically incorporate encryption and authentication methods to make them more

secure. Unfortunately some of the early GSM encryption techniques were flawed, and

security experts have issued warnings that cellular communication, including WWANs, is

no longer secure. UMTS(3G) encryption was developed later and has yet to be broken.

Examples of providers for WWAN include Sprint Nextel, Verizon, and AT&T.

9. Wireless Landscape

The Technology and Infrastructure for Emerging Regions (TIER) project at University of

Californiaat Berkeley, in collaboration with Intel, utilizes a modified Wi-Fi setup to

create long-distance point-to-point links for several of its development projects in the

developing world. This technique, dubbed Wi-Fi over Long Distance (WiLD), is used to

connect the Aravind Eye Hospitalwith several outlying clinics in Tamil Nadu state, India.

Distances range from five to over fifteen kilometers (310 mi) with stations placed in line

of sight of each other. These links allow specialists at the hospital to communicate with

nurses and patients at the clinics through video conferencing. If the patient needs further

examination or care, a hospital appointment can then be scheduled. Another network in

Ghanalinks the University of Ghana, Legon campus to its remote campuses at the Korle

bu Medical School and the City campus; a further extension will feature links up to 80 km

(50 mi) apart.
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10. Digital Convergence

Digital convergence is mainly driven by the TIME industries (Telecommunication,

IT/Internet, Media and Entertainment) and provides new, innovative solutions to

consumers and business users. Based on digital technologies and digitized content it

encompasses converged devices (such as smartphones, laptops, internet enabled

entertainment devices and set top boxes), converged applications (e.g. music download on

PC and handheld) and converged networks (IP networks). According to Harry Strasser,

former CTO of Siemens "digital convergence will substantially impact people's lifestyle

and work style". The next hot trend in digital convergence is converged content, mixing

personal (user generated) content with professional (copyright protected) content. An

example are personal music videos that combine own photos with chart music and

sharing them in social communities on PCs, mobile phones and digital settop boxes.

Digital convergence also refers to the digitalization of traditional media. For example,

during the advent of personal computers, text-only documents were the first to be

digitized. Increasingly, graphics would be digitized, at first simple illustrations, then

eventually photographs. Digital sound evolved from series of single-tone "beeps" to very

detailed audio encodings.

The term doesn't necessarily refer only to the existence of technology, but also the

mainstream integration of such technology. For example, as of the beginning of the 21st

century, animated holograms exist, but are far from being commonplace, whereas one

might imagine that such technology will be available for home use in the same way as

laptops are available to the general public today. Other terms may be used for this

phenomena. Siliwood, for example, is a portmanteau of Silicon Valley and Hollywood,

referring to all aspects of cinema digitalization, from digital cameras replacing film stock,

to computer-generated effects replacing physical special effects.
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Topic : How Wireless Works

Topic Objective:

By the end of the topic the students will be able to:

 Understand Wireless router

 Explain Decimal Number System

 Define The Binary Number System

 Describe Wireless Signals

 Know Infrared Light

 Highlight Radio Waves

 Evaluate Digital radio

 Elaborate Analog Radio

 Identify Frequency

 Highlight Transmission Speed

 Examine Analog Modulation

Definition/Overview:

The topic explains various wireless data transmission techniques. Students will learn how

network data is represented using binary notation. This topic also lists and explains the two

types of wireless transmission. Finally, students will study the basic concepts and techniques

through which data can be transmitted by radio waves.

Key Points:

1. Wireless router

A wireless router is a network device that performs the functions of a router but also

includes the functions of a wireless access point. It is commonly used to allow access to

the Internet or a computer network without the need for a cabled connection. It can

function in a wired LAN (local area network), a wireless only LAN, or a mixed

wired/wireless network. Most current wireless routers have the following characteristics:
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 LAN ports, which function in the same manner as the ports of a network switch

 A WAN port, to connect to a wider area network. The routing functions are filtered using

this port. If it is not used, many functions of the router will be bypassed.

 Wireless antennae. These allow connections from other wireless devices (NICs (network

interface cards), wireless repeaters, wireless access points, and wireless bridges, for

example).

The wireless functions operate as a separate nested "mini-LAN" within the router. The

devices that connect wirelessly use the wireless router as their hub, and the wireless

router presents that "mini-LAN" as a single device to the rest of the LAN. This mini-LAN

has the same features as discrete WAPs have. Wireless routers, access points, and bridges

are available that utilize each of the commonly used wireless frequencies (used in the

Wireless-B, Wireless-A (and -G), and Wireless-N standards). The frequency bands for

these wireless standards can be used license-free in most countries. Wireless routers can

work with devices in a point-to-point mode, but more commonly functions in a point to

multipoint mode. Wireless devices used that communicate with the wireless router must

be set to the same service set identifier (SSID) and radio channel.

2. Decimal Number System

In mathematics and computer science, hexadecimal (also base-16, hexa, or hex) is a

numeral system with a radix, or base, of 16. It uses sixteen distinct symbols, most often

the symbols 09 to represent values zero to nine, and A, B, C, D, E, F (or a through f) to

represent values ten to fifteen. Its primary use is as a human friendly representation of

binary coded values, so it is often used in digital electronics and computer engineering.

Since each hexadecimal digit represents four binary digits (bits)also called a nibbleit is a

compact and easily translated shorthand to express values in base two. In digital

computing, hexadecimal is primarily used to represent bytes. Attempts to represent the

256 possible byte values by other means have led to problems. Directly representing each

possible byte value with a single character representation runs into unprintable control

characters in the ASCII character set. Even if a standard set of printable characters were

devised for every byte value, neither users nor input hardware are equipped to handle 256

unique characters. Most hex editing software displays each byte as a single character, but

unprintable characters are usually substituted with period or blank.
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In URLs, all characters can be coded using hexadecimal. Each 2-digit (1 byte)

hexadecimal sequence is preceded by a percent sign. For example, the URL

http://en.wikipedia.org/wiki/Main%20Page substitutes a space (which is not allowed in

URLs) with the hex code for a space (%20). In situations where there is no context, a

hexadecimal number might be ambiguous and confused with numbers expressed in other

bases. There are several conventions for unambiguously expressing values. In

mathematics, a subscript is often used on each number explicitly giving the base: 15910 is

decimal 159; 15916 is hexadecimal 159 which is equal to 34510. Some authors prefer a

text subscript, such as 159decimal and 159hex. In linear text systems, such as those used

in most computer programming environments, a variety of methods have arisen:

 In URLs, character codes are written as hexadecimal pairs prefixed with %:

http://www.example.com/name%20with%20spaces where %20 is the space (blank) character,

code 20 hex, or 32 decimal.

 In XML and XHTML, characters can be expressed as hexadecimal using the notation

&#xF87A;. Color references are expressed in hex prefixed with #: #FFFFFF which gives

white.

 The C programming language (and its syntactical descendants) use the prefix 0x: 0x5A3.

Character and string constants may express character codes in hexadecimal with the prefix \x

followed by two hex digits: '\x1B' (specifies the Esc control character),

"\x1B[0m\x1B[25;1H" is a string containing 11 characters (not including an implied trailing

NUL). To output a value as hexadecimal with the printf function family, the format

conversion code %X or %x is used.

 In the Unicode standard, a character value is represented with U+ followed by the hex value:

U+20AC is the Euro sign ().

 MIME (e-mail extensions) quoted-printable characters by code inside a text/plain MIME-part

body prefix non-printable ASCII characters with an equal to sign =, as in Espa=D1a to send

"Espaa" (Spain).

 In Intel-derived assembly languages, hexadecimal is indicated with a suffixed H or h: FFh or

0A3CH. Some implementations require a leading zero when the first character is not a digit:

0FFh

 Other assembly languages (6502, AT&T, Motorola), Pascal, and some versions of BASIC

(Commodore) and Forth use $ as a prefix: $5A3.

 Some assembly languages (Microchip) use the notation H'ABCD' (for ABCD16).
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 *nix (UNIX and related) shells use an escape character form \x0FF in expressions and 0xFF

for constants.

 Ada and VHDL enclose hexadecimal numerals in based "numeric quotes": 16#5A3#

 Verilog represents hexadecimal constants in the form 8'hFF, where 8 is the number of bits in

the value and FF is the hexadecimal constant.

 Modula 2 and some other languages use # as a prefix: #01AF

 The Smalltalk programming language uses the prefix 16r: 16r6EF7

 Postscript indicates hex with prefix 16#: 16#ABCD. Binary data (such as image pixels) can

be expressed as unprefixed consecutive hexadecimal pairs: AA213FD51B3801043FBC...

 Common Lisp use the prefixes #x and #16r.

 QBasic and Visual Basic, prefix hexadecimal numerals with &H: &H5A3

 BBC BASIC and Locomotive_BASIC use & for hex.

 TI-89 and 92 series uses 0h: 0hA3

 Notations such as X'5A3' are sometimes seen, such as in PL/I. This is the most common

format for hexadecimal on IBM mainframes (zSeries) and midrange computers (iSeries)

running traditional OS's (zOS, zVSE, zVM, TPF, OS/400), and is used in Assembler, PL/1,

Cobol, JCL, scripts, commands and other places. This format was common on other (and now

obsolete) IBM systems as well.

 Donald Knuth introduced the use of particular typeface to represent a particular radix in his

book The TeXbook. There, hexadecimal representations are written in a typewriter typeface:

5A3

There is no universal convention to use lowercase or uppercase for the letter digits, and

each is prevalent or preferred by particular environments by community standards or

convention. The choice of the letters A through F to represent the digits above nine was

not universal in the early history of computers. During the 1950s, some installations

favored using the digits 0 through 5 with a macron character ("") to indicate the values

10-15. Users of Bendix G-15 computers used the letters U through Z. Bruce A. Martin of

Brookhaven National Laboratory considered the choice of A-F "ridiculous" and in 1968

proposed in a letter to the editor of the ACM an entirely new set of symbols based on the

bit locations, which did not gain much acceptance.
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2.1 Verbal and digital representations

Not only are there no digits to represent the quantities from ten to fifteenso letters are

used as a substitutebut most Western European languages also lack a nomenclature to

name hexadecimal numbers. "Thirteen" and "fourteen" are decimal-based, and even

though English has names for several non-decimal powers: pair for the first binary

power; score for the first vigesimal power; dozen, gross, and great gross for the first

three duodecimal powers. However, no English name describes the hexadecimal

powers (corresponding to the decimal values 16, 256, 4096, 65536, ...). Some people

read hexadecimal numbers digit by digit like a phone number: 4DA is "four-dee-aye".

However, the letter 'A' sounds similar to eight, 'C' sounds similar to three, and 'D' can

easily be mistaken for the 'ty' suffix: Is it 4D or forty? Other people avoid confusion

by using the NATO phonetic alphabet: 4DA is "four-delta-alpha". Similarly, some use

the Joint Army/Navy Phonetic Alphabet ("four-dog-able"), or a similar ad hoc system.

2.2 Hexadecimal finger-counting scheme

Systems of counting on (digits) have been devised for both binary and hexadecimal.

Arthur C. Clarke suggested using each finger as an on/off bit, allowing finger

counting from zero to 1023 on ten fingers. Another system for counting up to FF

(256) is illustrated on the right; it seems to be an extension of an existing system for

counting in twelves (dozens and grosses), that is common in South Asia and

elsewhere.

2.3 Signs

The hexadecimal system can express negative numbers the same way as in decimal:

2A to represent 42 and so on. However, some prefer instead to express the exact bit

patterns used in the processor and consider hexadecimal values best handled as

unsigned values. This way, the negative number 42 can be written as FFFF FFD6 in a

32-bit CPU register, as C228 0000 in a 32-bit FPU register or C045 0000 0000 0000

in a 64-bit FPU register.
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3. The Binary Number System

The ancient Indian writer Pingala developed advanced mathematical concepts for

describing prosody, and in doing so presented the first known description of a binary

numeral system. A full set of 8 trigrams and 64 hexagrams, analogous to the 3-bit and 6-

bit binary numerals, were known to the ancient Chinese in the classic text I Ching. An

arrangement of the hexagrams of the I Ching, ordered according to the values of the

corresponding binary numbers (from 0 to 63), and a method for generating the same, was

developed by the Chinese scholar and philosopher Shao Yong in the 11th century.

However, there is no evidence that Shao understood binary computation; the ordering is

also the lexicographical order on sextuples of elements chosen from a two-element set.

Similar sets of binary combinations have also been used in traditional African divination

systems such as If as well as in medieval Western geomancy. The base 2 system utilized

in geomancy had long been widely applied in sub-Saharan Africa.

In 1605 Francis Bacon discussed a system by which letters of the alphabet could be

reduced to sequences of binary digits, which could then be encoded as scarcely visible

variations in the font in any random text. Importantly for the general theory of binary

encoding, he added that this method could be used with any objects at all: "provided those

objects be capable of a twofold difference only; as by Bells, by Trumpets, by Lights and

Torches, by the report of Muskets, and any instruments of like nature". The modern

binary number system was fully documented by Gottfried Leibniz in the 17th century in

his article Explication de l'Arithmtique Binaire. Leibniz's system used 0 and 1, like the

modern binary numeral system. As a Sinophile, Leibniz was aware of the I Ching and

noted with fascination how its hexagrams correspond to the binary numbers from 0 to

111111, and concluded that this mapping was evidence of major Chinese

accomplishments in the sort of philosophical mathematics he admired. In 1854, British

mathematician George Boole published a landmark paper detailing an algebraic system of

logic that would become known as Boolean algebra. His logical calculus was to become

instrumental in the design of digital electronic circuitry.

In 1937, Claude Shannon produced his master's thesis at MIT that implemented Boolean

algebra and binary arithmetic using electronic relays and switches for the first time in

history. Entitled A Symbolic Analysis of Relay and Switching Circuits, Shannon's thesis

essentially founded practical digital circuit design. In November 1937, George Stibitz,
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then working at Bell Labs, completed a relay-based computer he dubbed the "Model K"

(for "Kitchen", where he had assembled it), which calculated using binary addition. Bell

Labs thus authorized a full research program in late 1938 with Stibitz at the helm. Their

Complex Number Computer, completed January 8, 1940, was able to calculate complex

numbers. In a demonstration to the American Mathematical Society conference at

Dartmouth College on September 11, 1940, Stibitz was able to send the Complex Number

Calculator remote commands over telephone lines by a teletype. It was the first

computing machine ever used remotely over a phone line. Some participants of the

conference who witnessed the demonstration were John Von Neumann, John Mauchly,

and Norbert Wiener, who wrote about it in his memoirs.

4. Wireless Signals

David E. Hughes, eight years before Hertz's experiments, induced electromagnetic waves

in a signaling system. Hughes transmitted Morse code by an induction apparatus. In 1878,

Hughes's induction transmission method utilized a "clockwork transmitter" to transmit

signals. In 1885, T. A. Edison used a vibrator magnet for induction transmission. In 1888,

Edison deploys a system of signaling on the Lehigh Valley Railroad. In 1891, Edison

attains the wireless patent for this method using inductance. In the history of wireless

technology, the demonstration of the theory of electromagnetic waves by Heinrich Rudolf

Hertz in 1888 was important. The theory of electromagnetic waves were predicted from

the research of James Clerk Maxwell and Michael Faraday. Hertz demonstrated that

electromagnetic waves could be transmitted and caused to travel through space at straight

lines and that they were able to be received by an experimental apparatus. The

experiments were not followed up by Hertz. The practical applications of the wireless

communication and remote control technology were implemented by Nikola Tesla.

A Wi-Fi enabled device such as a PC, game console, mobile phone, MP3 player or PDA

can connect to the Internet when within range of a wireless network connected to the

Internet. The coverage of one or more interconnected access points called a hotspot can

comprise an area as small as a single room with wireless-opaque walls or as large as

many square miles covered by overlapping access points. Wi-Fi technology has served to

set up mesh networks, for example, in London. Both architectures can operate in

community networks. In addition to restricted use in homes and offices, Wi-Fi can make

access publicly available at Wi-Fi hotspots provided either free of charge or to
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subscribers to various providers. Organizations and businesses such as airports, hotels and

restaurants often provide free hotspots to attract or assist clients. Enthusiasts or authorities

who wish to provide services or even to promote business in a given area sometimes

provide free Wi-Fi access. Metropolitan-wide Wi-Fi (Muni-Fi) already[update] has more

than 300 projects in process. There were 879 Wi-Fi based Wireless Internet service

providers in the Czech Republicas of May 2008.

Wi-Fi also allows connectivity in peer-to-peer (wireless ad-hoc network) mode, which

enables devices to connect directly with each other. This connectivity mode can prove

useful in consumer electronics and gaming applications. When wireless networking

technology first entered the market many problems ensued for consumers who could not

rely on products from different vendors working together. The Wi-Fi Alliance began as a

community to solve this issue aiming to address the needs of the end-user and to allow the

technology to mature. TheAlliancecreated the branding Wi-Fi CERTIFIED to reassure

consumers that products will interoperate with other products displaying the same

branding. Many consumer devices use Wi-Fi. Amongst others, personal computers can

network to each other and connect to the Internet, mobile computers can connect to the

Internet from any Wi-Fi hotspot, and digital cameras can transfer images wirelessly.

Routers which incorporate a DSL-modem or a cable-modem and a Wi-Fi access point,

often set up in homes and other premises, provide Internet-access and internetworking to

all devices connected (wirelessly or by cable) to them. One can also connect Wi-Fi

devices in ad-hoc mode for client-to-client connections without a router. Wi-Fi also

enables places which would traditionally not have network to be connected, for example

bathrooms, kitchens and garden sheds. The "father of Wi-Fi", Vic Hayes, stated that

being able to access the internet whilst answering a call of nature was "one of life's most

liberating experiences". As of 2007 Wi-Fi technology had spread widely within business

and industrial sites. In business environments, just like other environments, increasing the

number of Wi-Fi access-points provides redundancy, support for fast roaming and

increased overall network-capacity by using more channels or by defining smaller cells.

Wi-Fi enables wireless voice-applications (VoWLAN or WVOIP). Over the years, Wi-Fi

implementations have moved toward "thin" access-points, with more of the network

intelligence housed in a centralized network appliance, relegating individual access-points

to the role of mere "dumb" radios. Outdoor applications may utilize true mesh topologies.
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As of 2007 Wi-Fi installations can provide a secure computer networking gateway,

firewall, DHCP server, intrusion detection system, and other functions.

5. Infrared Light

Infrared (IR) radiation is electromagnetic radiation whose wavelength is longer than that

of visible light (400-700 nm), but shorter than that of terahertz radiation (3-300 m) and

microwaves (~30,000 um). Infrared radiation spans roughly three orders of magnitude

(750 nm and 1000 m). Direct sunlight has a luminous efficacy of about 93 lumens per

watt of radiant flux, which includes infrared (47% share of the spectrum), visible (46%),

and ultra-violet (only 7%) light. Bright sunlight provides luminance of approximately

100,000 candela per square meter at the Earth's surface. Infrared imaging is used

extensively for both military and civilian purposes. Military applications include target

acquisition, surveillance, night vision, homing and tracking. Non-military uses include

thermal efficiency analysis, remote temperature sensing, short-ranged wireless

communication, spectroscopy, and weather forecasting. Infrared astronomy uses sensor-

equipped telescopes to penetrate dusty regions of space, such as molecular clouds; detect

cool objects such as planets, and to view highly red-shifted objects from the early days of

the universe. At the atomic level, infrared energy elicits vibrational modes in a molecule

through a change in the dipole moment, making it a useful frequency range for study of

these energy states. Infrared spectroscopy examines absorption and transmission of

photons in the infrared energy range, based on their frequency and intensity.[

6. Radio Waves

Radio waves were first predicted by mathematical work done in 1865 by James Clerk

Maxwell. Maxwell noticed wave-like properties of light and similarities in electrical and

magnetic observations and proposed equations that described light waves and radio waves

as waves of electromagnetism that travel in space. In 1887 Heinrich Hertz demonstrated

the reality of Maxwell's electromagnetic waves by experimentally generating radio waves

in his laboratory. Many inventions followed, making practical use of radio waves to

transfer information through space. Nikola Tesla and Guglielmo Marconi are credited

with inventing systems to allow radio waves to be used for communication.
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7. Digital radio

Digital radio describes radio technologies which carry information as a digital signal, by

means of a digital modulation method. The most common meaning is digital audio

broadcasting technologies, but the topic may also cover TV broadcasting as well as many

two-way digital wireless communication technologies. The acronym DAB (Digital Audio

Broadcasting) is synonymous with the Eureka 147 standard. One-way standards are those

used for broadcasting, as opposed to those used for two-way communication. While

digital broadcasting offers many potential benefits, its introduction has been hindered by

a lack of global agreement on standards. The Eureka147 standard (DAB) for digital radio

is the most commonly used and is coordinated by the World DMB Forum, which

represents more than 30 countries. This standard of digital radio technology was defined

in the late 1980s, and is now being introduced in many countries. Commercial DAB

receivers began to be sold in 1999 and, by 2006, 500 million people were in the coverage

area of DAB broadcasts, although by this time sales had only taken off in the UK and

Denmark. In 2006 there are approximately 1,000 DAB stations in operation. There have

been criticisms of the Eureka 147 standard and so a new 'DAB+' standard has been

proposed.

8. Analog Radio

HD Radio technology is a system used by AM and FM radio stations to digitally transmit

audio and data in conjunction with their analog signals. This system enables AM and FM

radio stations to simulcast both digital and analog audio within the same channel (a

hybridized digital-analog signal) as well as add new FM channels and text information.

Although HD Radio broadcasting's content is subscription-free, listeners must purchase

new receivers in order to receive the digital portion of the signal. As of October 2008,

1,800 stations covering approximately 84% of the United States are broadcasting with

this technology. "HD Radio" is the trademark for iBiquity's in-band on-channel (IBOC)

technology, which was selected by the Federal Communications Commission (FCC) in

2002 as a digital audio broadcasting method for the United States. According to iBiquity's

website HD Radio is simply a brand name, although their earlier whitepaper documents

refer to "Hybrid Digital" radio technology. There is no connection with high-definition

television (HDTV), except in the sense that both HDTV and HD Radio are digital

formats.
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The HD Radio system is officially known as NRSC-5, with the latest version being

NRSC-5B. Other digital radio systems include FMeXtra, Digital Radio Mondiale

(DRM+), and Compatible AM-Digital (CAM-D). The FCC has not indicated any intent to

phase out analog radio broadcasts as it has with analog television broadcasts . Thus, there

is no deadline by which consumers must buy an HD Radio. Digital information is

transmitted using COFDM with an audio compression algorithm called High-Definition

Coding (HDC) with Spectral band replication (SBR). (HDC is a proprietary codec based

upon but incompatible with the MPEG-4 standard HE-AAC). HD Radio equipped

stations pay a one-time licensing fee for iBiquity's patents, software, and trademarks. The

cost of converting a radio station can run between $100,000 and $200,000. Receiver

manufacturers pay a royalty. If digital signal reception is lost, the HD Radio receiver will

revert to the analog signal, thereby providing seamless operation between the newer and

older transmission methods. Alternatively the HD Radio can revert to a more-robust ~20

kilobit per second stream. Datacasting is also possible, with metadata providing song

titles or artist information. iBiquity Digital claims that the system approaches CD quality

sound and offers reduction of both interference and static; however, some listeners have

complained of increased interference on the AM band (see AM, below).

Sending pure digital data through the approximately 20 kilohertz AM channel is roughly

equivalent to sending data through two 33 kbit/s analog telephone lines, thus limiting the

maximum throughput possible. By using spectral band replication the HDC+SBR codec

is able to recreate sounds up to 15,000 Hz, thus achieving FM quality on the bandwidth-

tight AM band. The HD Radio AM hybrid mode offers two options which can carry

approximately 40 or 60 kbit/s of data, but most AM-digital stations default to the more-

robust 40 kbit/s mode which features redundancy (same signal broadcast twice). HD

Radio also provides a pure digital mode, which lacks an analog signal for "fall back" and

instead reverts to a 20 kbit/s signal during times of poor reception. The pure digital mode

transmissions will stay within the AM stations channel instead of spilling into the

channels next to the station transmitting "HD radio". The AM version of HD Radio

technology widens the channel to 30 kHz bandwidth, and overlaps one adjacent channel

on both sides. When operating in pure digital mode, the AM-HD Radio signal fits inside a

standard 20 kHz channel (20-40 kbit/s) or an extended 30 kHz channel (40-60 kbit/s), at

the discretion of the station manager. As AM radio stations are spaced at 9 kHz (Europe)

or 10 kHz (Americas) intervals, much of the digital information overlaps adjacent
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channels when in hybrid mode. Some nighttime listeners have expressed concern this

design harms reception of adjacent channels with one formal complaint filed regarding

the matter: WYSL owner Bob Savage against WBZ in Boston.

9. Frequency

Frequency is the number of occurrences of a repeating event per unit time. It is also

referred to as temporal frequency. The period is the duration of one cycle in a repeating

event, so the period is the reciprocal of the frequency. For cyclical processes, such as

rotation, oscillations, or waves, frequency is defined as a number of cycles, or periods,

per unit time. In physics and engineering disciplines, such as optics, acoustics, and radio,

frequency is usually denoted by a Latin letter f or by a Greek letter ν (nu). In SI units, the

unit of frequency is hertz (Hz), named after the German physicist Heinrich Hertz. For

example, 1 Hz means that an event repeats once per second, 2 Hz is twice per second, and

so on. This unit was originally called a cycle per second (cps), which is still sometimes

used. Heart rate and musical tempo are measured in beats per minute (BPM). Frequency

of rotation is often expressed as a number of revolutions per minute (rpm). BPM and rpm

values must be divided by 60 to obtain the corresponding value in Hz: thus, 60 BPM

translates into 1 Hz.

10. Transmission Speed

GPRS data transfer is typically charged per megabyte of traffic transferred, while data

communication via traditional circuit switching is billed per minute of connection time,

independent of whether the user actually is using the capacity or is in an idle state. GPRS

is a best-effort packet switched service, as opposed to circuit switching, where a certain

quality of service (QoS) is guaranteed during the connection for non-mobile users. 2G

cellular systems combined with GPRS are often described as 2.5G, that is, a technology

between the second (2G) and third (3G) generations of mobile telephony. It provides

moderate speed data transfer, by using unused time division multiple access (TDMA)

channels in, for example, the GSM system. Originally there was some thought to extend

GPRS to cover other standards, but instead those networks are being converted to use the

GSM standard, so that GSM is the only kind of network where GPRS is in use. GPRS is
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integrated into GSM Release 97 and newer releases. It was originally standardized by

European Telecommunications Standards Institute (ETSI), but now by the 3rd Generation

Partnership Project (3GPP). GPRS was developed as a GSM response to the earlier

CDPD and i-mode packet switched cellular technologies.

11. Analog Modulation

In telecommunications, frequency modulation (FM) conveys information over a carrier

wave by varying its frequency (contrast this with amplitude modulation, in which the

amplitude of the carrier is varied while its frequency remains constant). In analog

applications, the instantaneous frequency of the carrier is directly proportional to the

instantaneous value of the input signal. Digital data can be sent by shifting the carrier's

frequency among a set of discrete values, a technique known as frequency-shift keying.

FM is also used at intermediate frequencies by most analog VCR systems, including

VHS, to record the luminance (black and white) portion of the video signal. FM is the

only feasible method of recording video to and retrieving video from magnetic tape

without extreme distortion, as video signals have a very large range of frequency

components from a few hertz to several megahertz, too wide for equalizers to work with

due to electronic noise below -60 dB. FM also keeps the tape at saturation level, and

therefore acts as a form of noise reduction, and a simple limiter can mask variations in the

playback output, and the FM capture effect removes print-through and pre-echo. A

continuous pilot-tone, if added to the signal as was done on V2000 and many Hi-band

formats can keep mechanical jitter under control and assist timebase correction.

Topic : Understanding Radio Frequency Communications

Topic Objective:

By the end of the topic the students will be able to:

 Know the Components of Radio System

 Highlight Radio System
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 Explain Transmission Direction of Radio

 Define Switching

Definition/Overview:

This topic explains radio frequency communications. Students will learn the different

components of a radio system. Next, students will learn how different factors affect the

design of a radio system. This topic also discusses why standards are beneficial and lists the

major telecommunications standards organizations. Finally, students will learn about the

radio frequency spectrum.

Key Points:

1. Components of Radio System

Radio is the transmission of signals, by modulation of electromagnetic waves with

frequencies below those of visible light. Electromagnetic radiation travels by means of

oscillating electromagnetic fields that pass through the air and the vacuum of space.

Information is carried by systematically changing (modulating) some property of the

radiated waves, such as amplitude, frequency, or phase. When radio waves pass an

electrical conductor, the oscillating fields induce an alternating current in the conductor.

This can be detected and transformed into sound or other signals that carry information.

Radio systems used for communications will have the following elements. With more

than 100 years of development, each process is implemented by a wide range of methods,

specialized for different communications purposes. Each system contains a transmitter.

This consists of a source of electrical energy, producing alternating current of a desired

frequency of oscillation. The transmitter contains a system to modulate (change) some

property of the energy produced to impress a signal on it. This modulation might be as

simple as turning the energy on and off, or altering more subtle properties such as

amplitude, frequency, phase, or combinations of these properties. The transmitter sends

the modulated electrical energy to an antenna; this structure converts the rapidly-changing

alternating current into an electromagnetic wave that can move through free space.

Electromagnetic waves travel through space either directly, or have their path altered by

reflection, refraction or diffraction. The intensity of the waves diminishes due to
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geometric dispersion (the inverse-square law); some energy may also be absorbed by the

intervening medium in some cases. Noise will generally alter the desired signal; this

electromagnetic interference comes from natural sources, as well as from artificial

sources such as other transmitters and accidental radiators. Noise is also produced at

every step due to the inherent properties of the devices used. If the magnitude of the noise

is large enough, the desired signal will no longer be discernible; this is the fundamental

limit to the range of radio communications. The electromagnetic wave is intercepted by a

receiving antenna; this structure captures some of the energy of the wave and returns it to

the form of oscillating electrical currents. At the receiver, these currents are demodulated,

which is conversion to a usable signal form by a detector sub-system. The receiver is

"tuned" to respond preferentially to the desired signals, and reject undesired signals. Early

radio systems relied entirely on the energy collected by an antenna to produce signals for

the operator. Radio became more useful after the invention of electronic devices such as

the vacuum tube and later the transistor, which made it possible to amplify weak signals.

Today radio systems are used for applications from walkie-talkie children's toys to the

control of space vehicles, as well as for broadcasting, and many other applications.

1.1 Filter

An audio filter is a type of filter used for processing sound signals. Many types of

filters exist for applications including graphic equalizers, synthesizers, sound effects,

CD players and virtual reality systems. In its simplest form, an audio filter is typically

designed to pass some frequency regions through unattenuated while significantly

attenuating others. In some applications, such as in the design of graphic equalizers or

CD players, the filters are designed according to a set of objective criteria such as pass

band, pass band attenuation, stop band, and stop band attenuation, where the pass

bands are the frequency ranges for which audio is attenuated less than a specified

maximum, and the stop bands are the frequency ranges for which the audio must be

attenuated by a specified minimum. In more complex cases, an audio filter can

provide a feedback loop, which introduces resonance (ringing) alongside attenuation.

Audio filters can also be designed to provide gain (boost) as well as attenuation. In

other applications, such as with synthesizers or sound effects, the aesthetic of the filter

must be evaluated subjectively. Audio filters can be implemented in analog circuitry

as analog filters or in DSP code or computer software as digital filters. Non-linear
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filters are also used in audio applications: for example, compressors, fuzz boxes, ring

modulators. Generically, the term 'audio filter' can be applied to mean anything which

changes the timbre, harmonic content, pitch or waveform of an audio signal.

1.2 Mixers

In telecommunication, a mixer is a nonlinear or time-varying circuit or device that

accepts as its input two different frequencies and presents at its output a mixture of

signals at several frequencies:

 the sum of the frequencies of the input signals

 the difference between the frequencies of the input signals

 both original input frequencies these are often considered parasitic and are filtered out in

subsequent filter stages.

 a balanced mixer passes only a small leakage of the original signal to the output, often

implemented as a double balanced mixer which has high isolation of both inputs.

 unwanted intermodulation products from the inputs.

This nonlinear effect can be created by using a nonlinear electrical component, such

as a diode. The time-varying effect can be created using a multiplier circuit such as a

Gilbert Cell or passive switches. The manipulations of frequency performed by a

mixer can be used to move signals between bands, or to encode and decode them. One

other application of a mixer is as a product detector. A Software-Defined Radio

(SDR) system is a radio communication system where components that have typically

been implemented in hardware (e.g. mixers, filters, amplifiers,

modulators/demodulators, detectors. etc.) are instead implemented using software on

a personal computer or other embedded computing devices. While the concept of

SDR is not new, the rapidly evolving capabilities of digital electronics are making

practical many processes that were once only theoretically possible.

A basic SDR may consist of a computer (PC) equipped with a sound card, or other

analog-to-digital converter, preceded by some form of RF front end. Significant

amounts of signal processing are handed over to the general purpose processor, rather
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than done using special-purpose hardware. Such a design produces a radio that can

receive and transmit a different form of radio protocol (sometimes referred to as a

waveform) just by running different software. Software radios have significant utility

for the military and cell phone services, both of which must serve a wide variety of

changing radio protocols in real time. In the long term, software-defined radio is

expected by its proponents to become the dominant technology in radio

communications. It is the enabler of the cognitive radio.

1.3 Amplifiers

Generally, an amplifier or simply amp, is any device that changes, usually increases,

the amplitude of a signal. The "signal" is usually voltage or current. In popular use,

the term today usually refers to an electronic amplifier, often as in audio applications.

The relationship of the input to the output of an amplifier usually expressed as a

function of the input frequency is called the transfer function of the amplifier, and the

magnitude of the transfer function is termed the gain. A related device that

emphasizes conversion of signals of one type to another (for example, a light signal in

photons to a DC signal in amperes) is a transducer, or a sensor. However, a transducer

does not amplify power. The bandwidth (BW) of an amplifier is the range of

frequencies for which the amplifier gives "satisfactory performance". The

"satisfactory performance" may be different for different applications. However, a

common and well-accepted metric are the half power points (i.e. frequency where the

power goes down by half its peak value) on the power vs. frequency curve. Therefore

bandwidth can be defined as the difference between the lower and upper half power

points. This is therefore also known as the −3 dB bandwidth. Bandwidths for other

response tolerances are sometimes quoted (−1 dB, −6 dB etc.).

A full-range audio amplifier will be essentially flat between 20 Hz to about 20 kHz

(the range of normal human hearing.) In minimalist amplifier design, the amp's usable

frequency response needs to extend considerably beyond this (one or more octaves

either side) and typically a good minimalist amplifier will have −3 dB points < 10 and

> 65 kHz. Professional touring amplifiers often have input and/or output filtering to

sharply limit frequency response beyond 20 Hz-20 kHz; too much of the amplifier's

potential output power would otherwise be wasted on infrasonic and ultrasonic

frequencies, and the danger of AM radio interference would increase. Modern
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switching amplifiers need steep low pass filtering at the output to get rid of high

frequency switching noise and harmonics.

1.4 Antennas

An antenna is a transducer designed to transmit or receive electromagnetic waves. In

other words, antennas convert electromagnetic waves into electrical currents and vice

versa. Antennas are used in systems such as radio and television broadcasting, point-

to-point radio communication, wireless LAN, radar, and space exploration. Antennas

usually work in air or outer space, but can also be operated under water or even

through soil and rock at certain frequencies for short distances. Physically, an antenna

is an arrangement of conductors that generate a radiating electromagnetic field in

response to an applied alternating voltage and the associated alternating electric

current, or can be placed in an electromagnetic field so that the field will induce an

alternating current in the antenna and a voltage between its terminals. Some antenna

devices (parabolic antenna, Horn Antenna) just adapt the free space to another type of

antenna.

Thomas Edison used antennas by 1885. Edison patented his system in U.S. Patent

465,971 . Antennas were also used in 1888 by Heinrich Hertz (1857-1894) to prove

the existence of electromagnetic waves predicted by the theory of James Clerk

Maxwell. Hertz placed the emitter dipole in the focal point of a parabolic reflector. He

published his work and installation drawings in Annalen der Physik und Chemie. The

words antenna (plural: antennas) and "aerial" are used interchangeably; but usually a

rigid metallic structure is termed an antenna and a wire format is called an aerial. In

the United Kingdomand other British English speaking areas the term aerial is more

common, even for rigid types. The noun aerial is occasionally written with a diaresis

mark arial in recognition of the original spelling of the adjective arial from which the

noun is derived.

The origin of the word antenna relative to wireless apparatus is attributed to

Guglielmo Marconi. In 1895, while testing early radio apparatus in the Swiss Alps at

Salvan, Switzerlandin the Mont Blanc region, Marconi experimented with early

www.bsscommunitycollege.in   www.bssnewgeneration.in  www.bsslifeskillscollege.in

30
www.onlineeducation.bharatsevaksamaj.net        www.bssskillmission.in

WWW.BSSVE.IN



wireless equipment. A 2.5 meter long pole, along which was carried a wire, was used

as a radiating and receiving aerial element. In Italian a tent pole is known as l'antenna

centrale, and the pole with a wire alongside it used as an aerial was simply called

l'antenna. Until then wireless radiating transmitting and receiving elements were

known simply as aerials or terminals. Marconi's use of the word antenna (Italian for

pole) would become a popular term for what today is uniformly known as the

antenna. A Hertzian antenna is a set of terminals that does not require the presence of

a ground for its operation (versus a Tesla antenna which is grounded. ) A loaded

antenna is an active antenna having an elongated portion of appreciable electrical

length and having additional inductance or capacitance directly in series or shunt with

the elongated portion so as to modify the standing wave pattern existing along the

portion or to change the effective electrical length of the portion. An antenna

grounding structure is a structure for establishing a reference potential level for

operating the active antenna. It can be any structure closely associated with (or acting

as) the ground which is connected to the terminal of the signal receiver or source

opposing the active antenna terminal (i.e., the signal receiver or source is interposed

between the active antenna and this structure).

2. Radio System

A trunked radio system is a complex type of computer-controlled radio system. Trunked

systems use a few channels (the actual frequencies), and can have virtually unlimited

talkgroups. The control channel computer sends packets of data to enable one talkgroup

to talk together, regardless of frequency. The primary purpose of this type of system is

efficiency; many people can carry many conversations over only a few distinct

frequencies. Trunking is used by many government entities to provide two-way

communication for fire departments, police and other municipal services, who all share

spectrum allocated to a city, county, or other entity. In 1997, radio scanners compatible

with trunked systems appeared on the market. One of the first companies to bring these

devices to market, Uniden, trademarked the term trunk tracking on December 5, 1997. In

essence, a trunked radio system is packet switching computer network. Users' radios send

data packets to a computer, operating on a dedicated frequency called a Control Channel

to request communication on a specific talk-group. The controller sends a digital signal to

all radios monitoring that talkgroup, instructing the radios to automatically switch to the
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frequency indicated by the system to monitor the transmission. After the user is done

speaking, the users' radios return to monitoring the control channel for additional

transmissions. This arrangement allows multiple groups of users to share a small set of

actual radio frequencies without hearing each others' conversations. Trunked systems

primarily conserve limited radio frequencies and also provide other advanced features to

users.

3. Transmission Direction of Radio

Radio frequency power transmission is the transmission of the output power of a

transmitter to an antenna. When the antenna is not situated close to the transmitter, special

transmission lines are required. The most common type of transmission line for this

purpose is large-diameter coaxial cable. At high-power transmitters, cage lines are used.

Cage lines are a kind of overhead line similar in construction to coaxial cables. The

interior conductor is held by insulators mounted on a circular device in the middle. On the

circular device, there are wires for the other pole of the line.

Cage lines are used at high-power transmitters in Europe, like longwave transmitter

Topolna, longwave-transmitter Solec Kujawski and some other high-power transmitters

for long-, medium- and shortwave. For UHF and VHF, Goubou lines are sometimes used.

They consist of an insulated single wire mounted on insulators. On a Goubou line, the

wave travels as longitudinal currents surrounded by transverse EM fields. For

microwaves, waveguides are used.

4. Switching

Trunked radio takes advantage of the probability that in any given number of user units,

not everyone will need channel access at the same time. Therefore with a given number of

users, fewer discrete radio channels are required. From another perspective, with a given

number of radio channels, a much greater number of user groups can be accommodated.

In the example of the police department, this additional capacity could then be used to

assign individual talk groups to specialized investigative, traffic control, or special-events

groups who might otherwise not have the benefit of individual private communications.
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To the user, a trunking radio looks just like an "ordinary" radio: there is a "channel

switch" for the user to select the "channel" that they want to use. In reality though, the

"Channel switch" is NOT switching channels at all: when changed, it refers to an internal

software program which causes a talkgroup affiliation to be broadcast on the control

channel. This identifies the specific radio to the system controller as a member of a

specific talkgroup, and that radio will then be included in any conversations involving

that talkgroup. This also allows great flexibility in radio usage- the same radio model can

be used for many different types of system users (ie Police, Public Works, Animal

Control, etc) simply by changing the software programming in the radio itself.

In Section 2 of this course you will cover these topics:
How Antennas Work (New)

Wpan-Wireless Personal Area Networks

Topic : How Antennas Work (New)

Topic Objective:

By the end of the topic the students will be able to:

 Describe Antenna gain

 Define Free-space path loss

 Explain The Decibel

 Highlight Types of Antenna

 Identify Wavelength of Antenna

Definition/Overview:

The topic describes how antennas work. Students will learn about decibels, gain, and loss.

Next, students will learn the purpose of an antenna. This topic also lists the different antenna
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types, shapes and sizes, and their applications. Finally, This topic explains RF signal strength

and direction.

Key Points:

1. Antenna gain

Antenna Gain is defined as the ratio of the radiation intensity of an antenna in a given

direction to the intensity that would be produced by a hypothetical ideal antenna that

radiates equally in all directions (isotropically) and has no losses. Since the radiation

intensity from a lossless isotropic antenna equals the power into the antenna divided by a

solid angle of 4п steradians. Although the gain of an antenna is directly related to its

directivity, the antenna gain is a measure that takes into account the efficiency of the

antenna as well as its directional capabilities. In contrast, directivity is defined as a

measure that takes into account only the directional properties of the antenna and

therefore it is only influenced by the antenna pattern. However, if we assumed an ideal

antenna without losses then Antenna Gain will equal directivity as the antenna efficiency

factor equals 1 (100% efficiency). In practice, the gain of an antenna is always less than

its directivity. Taking into account polarization effects in the antenna, we can also define

the partial gain of an antenna for a given polarization as that part of the radiation intensity

corresponding to a given polarization divided by the total radiation intensity of an

isotropic antenna. As a result of this definition for the partial gain in a given direction, we

can conclude that the total gain of an antenna is the sum of partial gains for any two

orthogonal polarizations.

2. Free-space path loss

In telecommunication, free-space path loss (FSPL) is the loss in signal strength of an

electromagnetic wave that would result from a line-of-sight path through free space, with

no obstacles nearby to cause reflection or diffraction. It does not include factors such as

the gain of the antennas used at the transmitter and receiver, nor any loss associated with

hardware imperfections. A discussion of these losses may be found in the article on link
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budget. Free-space path loss is proportional to the square of the distance between the

transmitter and receiver, and also proportional to the square of the frequency of the radio

signal. The equation for FSPL is

3. The Decibel

The decibel (dB) is a logarithmic unit of measurement that expresses the magnitude of a

physical quantity (usually power or intensity) relative to a specified or implied reference

level. Since it expresses a ratio of two quantities with the same unit, it is a dimensionless

unit. A decibel is one tenth of a bel (B). The decibel is useful for a wide variety of

measurements in science and engineering (e.g., acoustics and electronics) and other

disciplines. It confers a number of advantages, such as the ability to conveniently

represent very large or small numbers, a logarithmic scaling that roughly corresponds to

the human perception of, for example, sound and light, and the ability to carry out

multiplication of ratios by simple addition and subtraction. The decibel symbol is often

qualified with a suffix, which indicates which reference quantity or frequency weighting

function has been used. For example, "dBm" indicates that the reference quantity is one

milliwatt, while "dBu" is referenced to 0.7746 volts RMS. The definitions of the decibel

and bel use base-10 logarithms. For a similar unit using natural logarithms to base e, see

neper. he bel was originally devised by engineers of the Bell Telephone Laboratories to

quantify the reduction in audio level over a 1 mile (approximately 1.6 km) length of

standard telephone cable. It was originally called the transmission unit or TU, but was

renamed in 1923 or 1924 in honor of the Bell System's founder and telecommunications

pioneer Alexander Graham Bell. In many situations, however, the bel proved

inconveniently large, so the decibel has become more common. In April 2003, the

International Committee for Weights and Measures (CIPM) considered a

recommendation for the decibel's inclusion in the SI system, but decided not to adopt the

decibel as an SI unit.
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4. Types of Antenna

An antenna is a transducer designed to transmit or receive electromagnetic waves. In

other words, antennas convert electromagnetic waves into electrical currents and vice

versa. Antennas are used in systems such as radio and television broadcasting, point-to-

point radio communication, wireless LAN, radar, and space exploration. Antennas usually

work in air or outer space, but can also be operated under water or even through soil and

rock at certain frequencies for short distances. Physically, an antenna is an arrangement of

conductors that generate a radiating electromagnetic field in response to an applied

alternating voltage and the associated alternating electric current, or can be placed in an

electromagnetic field so that the field will induce an alternating current in the antenna and

a voltage between its terminals. Some antenna devices (parabolic antenna, Horn Antenna)

just adapt the free space to another type of antenna.

Thomas Edison used antennas by 1885. Edisonpatented his system in U.S. Patent 465,971

. Antennas were also used in 1888 by Heinrich Hertz (1857-1894) to prove the existence

of electromagnetic waves predicted by the theory of James Clerk Maxwell. Hertz placed

the emitter dipole in the focal point of a parabolic reflector. He published his work and

installation drawings in Annalen der Physik und Chemie. There are two fundamental

types of antenna directional patterns, which, with reference to a specific three

dimensional (usually horizontal or vertical) plane are either:

 Omni-directional (radiates equally in all directions), such as a vertical rod or

 Directional (radiates more in one direction than in the other).

In colloquial usage "omni-directional" usually refers to all horizontal directions with

reception above and below the antenna being reduced in favor of better reception (and

thus range) near the horizon. A "directional" antenna usually refers to one focusing a

narrow beam in a single specific direction such as a telescope or satellite dish, or, at least,

focusing in a sector such as a 120 horizontal fan pattern in the case of a panel antenna at a

Cell site. All antennas radiate some energy in all directions in free space but careful

construction results in substantial transmission of energy in a preferred direction and

negligible energy radiated in other directions. By adding additional elements (such as

rods, loops or plates) and carefully arranging their length, spacing, and orientation, an

antenna with desired directional properties can be created. An antenna array is two or
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more simple antennas combined to produce a specific directional radiation pattern. In

common usage an array is composed of active elements, such as a linear array of parallel

dipoles fed as a "broadside array". A slightly different feed method could cause this same

array of dipoles to radiate as an "end-fire array". Antenna arrays may be built up from any

basic antenna type, such as dipoles, loops or slots.

The directionality of the array is due to the spatial relationships and the electrical feed

relationships between individual antennas. Usually all of the elements are active

(electrically fed) as in the log-periodic dipole array which offers modest gain and broad

bandwidth and is traditionally used for television reception. Alternatively, a superficially

similar dipole array, the Yagi-Uda Antenna (often abbreviated to "Yagi"), has only one

active dipole element in a chain of parasitic dipole elements, and a very different

performance with high gain over a narrow bandwidth. An active element is electrically

connected to the antenna terminals leading to the receiver or transmitter, as opposed to a

parasitic element that modifies the antenna pattern without being connected directly. The

active element(s) couple energy between the electromagnetic wave and the antenna

terminals, thus any functioning antenna has at least one active element. An antenna lead-

in is the medium, for example, a transmission line or feed line for conveying the signal

energy between the signal source or receiver and the antenna. The antenna feed refers to

the components between the antenna and an amplifier. An antenna counterpoise is a

structure of conductive material most closely associated with ground that may be

insulated from or capacitively coupled to the natural ground. It aids in the function of the

natural ground, particularly where variations (or limitations) of the characteristics of the

natural ground interfere with its proper function. Such structures are usually connected to

the terminal of a receiver or source opposite to the antenna terminal.

An antenna component is a portion of the antenna performing a distinct function and

limited for use in an antenna, as for example, a reflector, director, or active antenna.

Parasitic elements have no direct electrical connection to the antenna terminals, yet they

modify the antenna pattern. The parasitic elements are immersed in the electromagnetic

waves and fields around the active elements, and the parasitic currents induced in them

interact with the original waves and fields. A careful arrangement of parasitic elements,

such as rods or coils, can improve the radiation pattern of the active element(s). Directors

and reflectors are common parasitic elements. An electromagnetic wave refractor is a
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structure which is shaped or positioned to delay or accelerate transmitted electromagnetic

waves, passing through such structure, an amount which varies over the wave front. The

refractor alters the direction of propagation of the waves emitted from the structure with

respect to the waves impinging on the structure. It can alternatively bring the wave to a

focus or alter the wave front in other ways, such as to convert a spherical wave front to a

planar wave front (or vice-versa). The velocity of the waves radiated have a component

which is in the same direction (director) or in the opposite direction (reflector) as that of

the velocity of the impinging wave.

A director is a parasitic element, usually a metallic conductive structure, which re-radiates

into free space impinging electromagnetic radiation coming from or going to the active

antenna, the velocity of the re-radiated wave having a component in the direction of the

velocity of the impinging wave. The director modifies the radiation pattern of the active

antenna but there is no direct electrical connection between the active antenna and this

parasitic element. A reflector is a parasitic element, usually a metallic conductive

structure (e.g., screen, rod or plate), which re-radiates back into free space impinging

electromagnetic radiation coming from or going to the active antenna. The velocity of the

returned wave having a component in a direction opposite to the direction of the velocity

of the impinging wave. The reflector modifies the radiation of the active antenna. There is

no direct electrical connection between the active antenna and this parasitic element. An

antenna coupling network is a passive network (which may be any combination of a

resistive, inductive or capacitive circuit(s)) for transmitting the signal energy between the

active antenna and a source (or receiver) of such signal energy. Typically, antennas are

designed to operate in a relatively narrow frequency range. The design criteria for

receiving and transmitting antennas differ slightly, but generally an antenna can receive

and transmit equally well. This property is called reciprocity.

5. Wavelength of Antenna

A loop is considered a small loop if it is less than 1/4 of a wavelength in circumference.

Most directional receiving loops are about 1/10 of a wavelength. The small loop is also

called the magnetic loop because it is more sensitive to the magnetic component of the

electromagnetic wave. As such, it is less sensitive to near field electric noise when
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properly shielded. The received voltage of a small loop can be greatly increased by

bringing the loop into resonance with a tuning capacitor.

From considerations of symmetry, equal voltages will be induced in each limb of the loop

when a signal arrives along the loop axis. The loop output, which is the difference

between the limb voltages, is therefore zero in all cases. For signals arriving in the plane

of the loop, there is a phase difference between the limb voltages and this produces a

maximum output for the small loop. The quarter wave or unipole antenna is a single

element antenna feed at one end, that behaves as a dipole antenna. It is formed by a

conductor \scriptstyle{{\lambda\over 4}} in length. It is fed in the lower end, which is

near a conductive surface which works as a reflector (see Effect of ground). The current

in the reflected image has the same direction and phase that the current in the real

antenna. The set quarter-wave plus image forms a half-wave dipole that radiates only in

the upper half of space.

In this upper side of space the emitted field has the same amplitude of the field radiated

by a half-wave dipole fed with the same current. Therefore, the total emitted power is

one-half the emitted power of a half-wave dipole fed with the same current. As the

current is the same, the radiation resistance (real part of series impedance) will be one-

half of the series impedance of a half-wave dipole. As the reactive part is also divided by

2, the impedance of a quarter wave antenna is \scriptstyle{{73+i43\over 2}=36+i21}

ohms. Since the fields above ground are the same as for the dipole, but only half the

power is applied, the gain is twice (3dB over) that for a half-wave dipole

(\scriptstyle{{\lambda\over 2}}), that is 5.14 dBi.

The earth can be used as ground plane. However, the earth is not a good conductor. It is

rather a dielectric. The reflected antenna image is good when seen at grazing angles, that

is, far from the antenna, but not when seen near the antenna. Far from the antenna and

near the ground, electromagnetic fields and radiation patterns are the same as for a half-

wave dipole. The impedance is not the same as with a good conductor ground plane.

Conductivity of earth surface can be improved with an expensive copper wire mesh.
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When ground is not available, as in a vehicle, other metallic surfaces can serve a ground

plane, for example the roof of the vehicle. In other situations, radial wires placed at the

foot of the quarter-wave wire can simulate a ground plane. For VHF bands, the radiating

and groundplane elements can be realised as rigid rods or tubes. Dipoles that are much

smaller than the wavelength of the signal are called Hertzian, short, or infinitesimal

dipoles. These have a very low radiation resistance and a high reactance, making them

inefficient, but they are often the only available antennas at very long wavelengths.

Dipoles whose length is half the wavelength of the signal are called half-wave dipoles,

and are more efficient. In general radio engineering, the term dipole usually means a half-

wave dipole (center-fed).

A half-wave dipole is cut to length according to the formula l\ =\ {468}/{f} [ft], where l is

the length in feet and f is the center frequency in MHz . This is because the impedance of

the dipole is resistive pure at about this length. The metric formula is l\ =\ {142.65}/{f}

[m], where l is the length in meters. The length of the dipole antenna is about 95% of half

a wavelength at the speed of light in free space. The magic numbers above are derived

from a one Hz wavelength which is the distance that light radio travels in one second. For

English that is 186,282 miles times 5280 feet per mile. To convert to metric multiply the

previous total by 12 inches per foot and then, by definition, multiply that by 2.54 cm per

inch. Divide this number by 100 to convert this length to meters. Then divide the result by

one million to account for MHz rather than hertz. This will give a number which must be

divided by two for a dipole antenna. To correct for resistance and impedance multiply the

dipole wavelength by about 95% to account for the difference in the velocity of wave

propagation in wire as opposed to the same wave in free space. If the wire velocity is

known, that value should be used to get the magic numbers of 468 feet or 142.65 metric.

All that is left is to divide by the desired frequency as measured in MHz to obtain the

length of the antenna element.
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Topic : Wpan-Wireless Personal Area Networks

Topic Objective:

By the end of the topic the students will be able to:

 Understand Wireless Personal Area Networks

 Define Institute of Electrical and Electronics Engineers

 Learn about Infrared

 Explain IRDA Protocols

 Elaborate RF WPANs

 Evaluate IEEE 802.15.1

 Identify Bluetooth

Definition/Overview:

The topic explains low rate wireless personal area networks. Students will study wireless

personal area network (WPAN). This topic lists the different WPAN standards and their

applications. Students will also learn about IrDA, Bluetooth, and ZigBee technologies.

Finally, This topic describes the security features of low-rate WPAN technology.

Personal Area Network: A personal area network (PAN) is a computer network used for

communication among computer devices (including telephones and personal digital

assistants) close to one person. The devices may or may not belong to the person in question.

The reach of a PAN is typically a few meters. PANs can be used for communication among

the personal devices themselves (intrapersonal communication), or for connecting to a higher

level network and the Internet (an uplink). Personal area networks may be wired with

computer buses such as USB and FireWire. A wireless personal area network (WPAN) can

also be made possible with network technologies such as IrDA, Bluetooth, UWB, Z-Wave

and ZigBee.

www.bsscommunitycollege.in   www.bssnewgeneration.in  www.bsslifeskillscollege.in

41
www.onlineeducation.bharatsevaksamaj.net        www.bssskillmission.in

WWW.BSSVE.IN



Key Points:

1. Wireless Personal Area Networks

A Bluetooth PAN is also called a piconet, and is composed of up to 8 active devices in a

master-slave relationship (a very large number of devices can be connected in "parked"

mode). The first Bluetooth device in the piconet is the master, and all other devices are

slaves that communicate with the master. A piconet typically has a range of 10 meters,

although ranges of up to 100 meters can be reached under ideal circumstances. Recent

innovations in Bluetooth antennas have allowed these devices to greatly exceed the range

for which they were originally designed. At DEF CON 12, a group of hackers known as

"Flexilis" successfully connected two Bluetooth devices more than half a mile (800 m)

away. They used an antenna with a scope and Yagi antenna, all attached to a rifle stock. A

cable attached the antenna to a Bluetooth card in a computer. They later named the

antenna "The BlueSniper." Skinplex, another PAN technology, transmits via the

capacitive near field of human skin. Skinplex can detect and communicate up to one

meter from a human body. It is already used for access control for door locks and

jamming protection in convertible car roofs. A WPAN (wireless personal area network) is

a personal area network - a network for interconnecting devices centered around an

individual person's workspace - in which the connections are wireless. Typically, a

wireless personal area network uses some technology that permits communication within

about 10 meters - in other words, a very short range. One such technology is Bluetooth,

which was used as the basis for a new standard, IEEE 802.15.

A WPAN could serve to interconnect all the ordinary computing and communicating

devices that many people have on their desk or carry with them today - or it could serve a

more specialized purpose such as allowing the surgeon and other team members to

communicate during an operation. A key concept in WPAN technology is known as

plugging in. In the ideal scenario, when any two WPAN-equipped devices come into

close proximity (within several meters of each other) or within a few kilometers of a

central server, they can communicate as if connected by a cable. Another important

feature is the ability of each device to lock out other devices selectively, preventing

needless interference or unauthorized access to information. The technology for WPANs

is in its infancy and is undergoing rapid development. Proposed operating frequencies are

around 2.4 GHz in digital modes. The objective is to facilitate seamless operation among
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home or business devices and systems. Every device in a WPAN will be able to plug in to

any other device in the same WPAN, provided they are within physical range of one

another. In addition, WPANs worldwide will be interconnected. Thus, for example, an

archeologist on site in Greece might use a PDA to directly access databases at the

University of Minnesota in Minneapolis, and to transmit findings to that database.

2. Institute of Electrical and Electronics Engineers

The IEEE is incorporated in the State of New York, United States. It was formed in 1963

by the merger of the Institute of Radio Engineers and the American Institute of Electrical

Engineers. The major interests of the AIEE were wire communications and light and

power systems. The IRE concerned mostly radio engineering, and was formed from two

smaller organizations, the Society of Wireless and Telegraph Engineers and the Wireless

Institute. With the rise of electronics in the 1930s, electronics engineers usually became

members of the IRE, but the applications of electron tube technology became so extensive

that the technical boundaries differentiating the IRE and the AIEE became difficult to

distinguish. After World War II, the two organizations became increasingly competitive,

and in 1961, the leadership of both the IRE and the AIEE resolved to consolidate the two

organizations. The two organizations formally merged as the IEEE on January 1, 1963.

Notable Presidents of IEEE and its founding organizations include Elihu Thomson,

Alexander Graham Bell, Charles Proteus Steinmetz, Lee De Forest Frederick E. Terman,

William R. Hewlett, Ernst Weber, and Ivan Getting.

IEEE's Constitution defines the purposes of the organization as "scientific and

educational, directed toward the advancement of the theory and practice of electrical,

electronics, communications and computer engineering, as well as computer science, the

allied branches of engineering and the related arts and sciences." In pursuing these goals,

the IEEE serves as a major publisher of scientific journals and a conference organizer. It

is also a leading developer of industrial standards (having developed over 900 active

industry standards) in a broad range of disciplines, including electric power and energy,

biomedical technology and healthcare, information technology, information assurance,

telecommunications, consumer electronics, transportation, aerospace, and

nanotechnology. IEEE develops and participates in educational activities such as

accreditation of electrical engineering programs in institutes of higher learning. The IEEE

logo is a diamond-shaped design which illustrates the right hand grip rule embedded in
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Benjamin Franklin's kite. It also sponsors or cosponsors more than 850 international

technical conferences each year. IEEE has a dual complementary regional and technical

structure - with organizational units based on geography (e.g., the IEEE Philadelphia

Section) and technical focus (e.g., the IEEE Computer Society). It manages a separate

organizational unit (IEEE-USA) which recommends policies and implements programs

specifically intended to benefit the members, the profession and the public in the United

States. The IEEE consists of 39 societies, organized around specialized technical fields,

with more than 300 local organizations that hold regular meetings. The IEEE Standards

Association is in charge of the standardization activities of the IEEE.

3. Infrared

Infrared (IR) radiation is electromagnetic radiation whose wavelength is longer than that

of visible light (400-700 nm), but shorter than that of terahertz radiation (3-300 m) and

microwaves (~30,000 um). Infrared radiation spans roughly three orders of magnitude

(750 nm and 1000 m). Direct sunlight has a luminous efficacy of about 93 lumens per

watt of radiant flux, which includes infrared (47% share of the spectrum), visible (46%),

and ultra-violet (only 7%) light. Bright sunlight provides luminance of approximately

100,000 candela per square meter at the Earth's surface. R data transmission is also

employed in short-range communication among computer peripherals and personal digital

assistants. These devices usually conform to standards published by IrDA, the Infrared

Data Association. Remote controls and IrDA devices use infrared light-emitting diodes

(LEDs) to emit infrared radiation which is focused by a plastic lens into a narrow beam.

The beam is modulated, i.e. switched on and off, to encode the data. The receiver uses a

silicon photodiode to convert the infrared radiation to an electric current. It responds only

to the rapidly pulsing signal created by the transmitter, and filters out slowly changing

infrared radiation from ambient light. Infrared communications are useful for indoor use

in areas of high population density. IR does not penetrate walls and so does not interfere

with other devices in adjoining rooms. Infrared is the most common way for remote

controls to command appliances. Free space optical communication using infrared lasers

can be a relatively inexpensive way to install a communications link in an urban area

operating at up to 4 gigabit/s, compared to the cost of burying fiber optic cable. Infrared

lasers are used to provide the light for optical fiber communications systems. Infrared

light with a wavelength around 1,330 nm (least dispersion) or 1,550 nm (best
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transmission) are the best choices for standard silica fibers. IR data transmission of

encoded audio versions of printed signs is being researched as an aid for visually

impaired people through the RIAS (Remote Infrared Audible Signage) project.

Infrared vibrational spectroscopy (see also near infrared spectroscopy) is a technique

which can be used to identify molecules by analysis of their constituent bonds. Each

chemical bond in a molecule vibrates at a frequency which is characteristic of that bond.

A group of atoms in a molecule (e.g. CH2) may have multiple modes of oscillation

caused by the stretching and bending motions of the group as a whole. If an oscillation

leads to a change in dipole in the molecule, then it will absorb a photon which has the

same frequency. The vibrational frequencies of most molecules correspond to the

frequencies of infrared light. Typically, the technique is used to study organic compounds

using light radiation from 4000-400 cm-1, the mid-infrared. A spectrum of all the

frequencies of absorption in a sample is recorded. This can be used to gain information

about the sample composition in terms of chemical groups present and also its purity (for

example a wet sample will show a broad O-H absorption around 3200 cm-1).

4. IRDA Protocols

The Infrared Data Association (IrDA) defines physical specifications communications

protocol standards for the short-range exchange of data over infrared light, for uses such

as personal area networks (PANs).

 IrDA is a very short-range example of free space optical communication.

 IrDA interfaces are used in palmtop computers, mobile phones, and laptop computers (most

laptops and phones also offer Bluetooth, but it is now becoming more common for Bluetooth

to simply replace IrDA in new versions of products).

 IrDA specifications include IrPHY, IrLAP, IrLMP, IrCOMM, Tiny TP, IrOBEX, IrLAN and

IrSimple. IrDA has now produced another standard, IrFM, for Infrared financial messaging

(i.e., for making payments) also known as "Point & Pay".

For the devices to communicate via IrDA they must have a direct line of sight. The

mandatory IrPHY (Infrared Physical Layer Specification) is the lowest layer of the IrDA

specifications. The most important specifications are:

www.bsscommunitycollege.in   www.bssnewgeneration.in  www.bsslifeskillscollege.in

45
www.onlineeducation.bharatsevaksamaj.net        www.bssskillmission.in

WWW.BSSVE.IN



 Range: standard: 1 m; low power to low power: 0.2 m; standard to low power: 0.3 m

 Angle: minimum cone +-15

 Speed: 2.4 kbit/s to 16 Mbit/s

 Modulation: baseband, no carrier

 Infrared window

IrDA transceivers communicate with infrared pulses (samples) in a cone that extends

minimum 15 degrees half angle off center. The IrDA physical specifications require that a

minimum irradiance be maintained so that a signal is visible up to a meter away.

Similarly, the specifications require that a maximum irradiance not be exceeded so that a

receiver is not overwhelmed with brightness when a device comes close. In practice, there

are some devices on the market that do not reach one meter, while other devices may

reach up to several meters. There are also devices that do not tolerate extreme closeness.

The typical sweet spot for IrDA communications is from 5 cm (~2 in.) to 60 cm (~2 ft.)

away from a transceiver, in the center of the cone. IrDA data communications operate in

half-duplex mode because while transmitting, a devices receiver is blinded by the light of

its own transmitter, and thus, full-duplex communication is not feasible. The two devices

that communicate simulate full duplex communication by quickly turning the link around.

The primary device controls the timing of the link, but both sides are bound to certain

hard constraints and are encouraged to turn the link around as fast as possible.

Transmission rates fall into three broad categories: SIR, MIR, and FIR. Serial Infrared

(SIR) speeds cover those transmission speeds normally supported by an RS-232 port

(9600 bit/s, 19.2 kbit/s, 38.4 kbit/s, 57.6 kbit/s, 115.2 kbit/s). Since the lowest common

denominator for all devices is 9600 bit/s, all discovery and negotiation is performed at

this baud rate. MIR (Medium Infrared) is not an official term, but is sometimes used to

refer to speeds of 0.576 Mbit/s and 1.152 Mbit/s. Fast Infrared (FIR) is deemed an

obsolete term by the IrDA physical specification, but is nonetheless in common usage to

denote transmission at 4 Mbit/s. FIR is sometimes used to refer to all speeds above SIR.

However, different encoding approaches are used by MIR and FIR, and different

approaches frame MIR and FIR packets. For that reason, these unofficial terms have

sprung up to differentiate these two approaches. The future holds faster transmission

speeds (currently referred to as Very Fast Infrared, or VFIR) which will support speeds

up to 16 Mbit/s. There are (VFIR) infrared transceivers available such as the TFDU8108
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operating from 9.6 kbit/s to 16 Mbit/s. The UFIR (Ultra Fast Infrared) protocol is also in

development. It will support speeds up to 100 Mbit/s. These are distinguished from other

similar infrared communications systems that operate outside IrDA specifications. PDA

communications formats such as HPSIR and ASKIR are such. This also includes CIR

(Consumer IR), commonly used in remote controls, based on a raw protocol who uses

sequences of pulse and space. It's possible to manage CIR via software like Lirc.

5. RF WPANs

Devices are conceived to interact with each other over a conceptually simple wireless

network. The definition of the network layers is based on the OSI model; although only

the lower layers are defined in the standard, interaction with upper layers is intended,

possibly using a IEEE 802.2 logical link control sublayer accessing the MAC through a

convergence sublayer. Implementations may rely on external devices or be purely

embedded, self-functioning devices. The physical layer (PHY) ultimately provides the

data transmission service, as well as the interface to the physical layer management

entity, which offers access to every layer management function and maintains a database

of information on related personal area networks. Thus, PHY manages the physical RF

transceiver and performs channel selection and energy and signal management functions.

It operates on one of three possible unlicensed frequency bands:

 868-868.8 MHz: Europe, allows one communication channel (2003, 2006)

 902-928 MHz: North America, up to ten channels (2003), extended to thirty (2006)

 2400-2483.5 MHz: worldwide use, up to sixteen channels (2003, 2006)

The original 2003 version of the standard specifies two physical layers based on direct

sequence spread spectrum (DSSS) techniques: one working in the 868/915 MHz bands

with transfer rates of 20 and 40 kbit/s, and one in the 2450 MHz band with a rate of 250

kbit/s. The 2006 revision improves the maximum data rates of the 868/915 MHz bands,

bringing them up to support 100 and 250 kbit/s as well. Moreover, it goes on to define

four physical layers depending on the modulation method used. Three of them preserve

the DSSS approach: in the 868/915 MHz bands, using either binary or offset quadrature

phase shift keying (the second of which is optional); in the 2450 MHz band, using the

latter. An alternative, optional 868/915 MHz layer is defined using a combination of

binary keying and amplitude shift keying (thus based on parallel, not sequential spread
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spectrum, PSSS). Dynamic switching between supported 868/915 MHz PHY's is

possible. Beyond these three bands, the IEEE802.15.4c study group is considering the

newly opened 314-316 MHz, 430-434 MHz, and 779-787 MHz bands in China, while the

IEEE 802.15 Task Group 4d is defining an amendment to the existing standard 802.15.4-

2006 to support the new 950MHz-956MHz band in Japan.

In August 2007, IEEE 802.15.4a was released expanding the four PHYs available in the

earlier 2006 version to six, including one PHY using Direct Sequence Ultra-wideband

(UWB) and another using Chirp Spread Spectrum (CSS). The UWB PHY is allocated

frequencies in three ranges: below 1 GHz, between 3 and 5 GHz, and between 6 and 10

GHz. The CSS PHY is allocated spectrum in the 2450 MHz ISM band. The medium

access control (MAC) allows the transmission MAC frames through the use of the

physical channel. Besides the data service, it offers a management interface and itself

manages access to the physical channel and network beaconing. It also controls frame

validation, guarantees time slots and handles and node associations. Finally, it offers hook

points for secure services. Other higher-level layers and interoperability sublayers are not

defined in the standard. There exist specifications, such as ZigBee, which build on this

standard to propose integral solutions. TinyOS stacks also use a few items of IEEE

802.15.4 hardware.

6. IEEE 802.15.1

6.1 Task group 1 (WPAN/Bluetooth)

IEEE 802.15.1-2002 has derived a Wireless Personal Area Network standard based on

the Bluetooth v1.1 specifications. It includes a medium access control and physical

layer specification. An updated version of this standard, based upon the additions

incorporated into Bluetooth v1.2, was published as IEEE 802.15.1-2005. Following

the publication of 802.15.1-2005, the IEEE Study Group 1b voted 90-0 to discontinue

their relationship with the Bluetooth SIG, effectively meaning that the later versions

of Bluetooth will not become future IEEE standards.
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6.2 Task group 2 (Coexistence)

IEEE 802.15.2-2003 addresses the issue of coexistence of wireless personal area

networks (WPAN) with other wireless devices operating in unlicensed frequency

bands such as wireless local area networks (WLAN).

6.3 Task group 3 (High Rate WPAN)

IEEE 802.15.3-2003 is a MAC and PHY standard for high-rate (11 to 55 Mbit/s)

WPANs. IEEE 802.15.3a was an attempt to provide a higher speed UWB PHY

enhancement amendment to IEEE 802.15.3 for applications which involve imaging

and multimedia. The IEEE 802.15.3a most commendable achievement was the

consolidation of 23 UWB PHY specifications into two proposals using : Multi-Band

Orthogonal Frequency Division Multiplexing (MB-OFDM) UWB, supported by the

WiMedia Alliance, and Direct Sequence - UWB (DS-UWB), supported by the UWB

Forum. On January 19, 2006 IEEE 802.15.3a task group (TG3a) members voted to

withdraw the December 2002 project authorization request (PAR) that initiated the

development of high data rate UWB standards. The process was in total deadlock.

There were two technology proposals on the table backed by two different industry

alliances. One of them was backed by the majority of the industry, the other was only

supported by a small minority but had sufficient votes to block forward progress. The

task group finally agreed to duke it out in the market place. The Working Group

concurred. The technology at the time also faced significant regulatory hurdles, that

have been resolved in 2008. This was not a factor in this decision but from a standards

perspective it probably was too early to write a UWB standard. The main proposal

was adopted by the WiMedia Alliance, and eventually by the USB-IF and Bluetooth

SIG. The IEEE 802.15.3.b is working on an amendment to 802.15.3 to improve

implementation and interoprability of the MAC. This will include minor

optimizations while preserving backward compatibility. In addition, this amendment

will correct errors, clarify ambiguities, and add editorial clarifications.

The IEEE 802.15.3 Task Group 3c (TG3c) was formed in March 2005. TG3c is

developing a millimeter-wave-based alternative physical layer (PHY) for the existing

802.15.3 Wireless Personal Area Network (WPAN) Standard 802.15.3-2003.

Standard completion is expected for May 2008. This mmWave WPAN will operate in
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the new and clear band including 57-64 GHz unlicensed band defined by FCC 47

CFR 15.255. The millimeter-wave WPAN will allow high coexistence (close physical

spacing) with all other microwave systems in the 802.15 family of WPANs. In

addition, the millimeter-wave WPAN will allow very high data rate over 2 Gbit/s

applications such as high speed internet access, streaming content download (video on

demand, HDTV, home theater, etc.), real time streaming and wireless data bus for

cable replacement. Optional data rates in excess of 3 Gbit/s will be provided.

6.4 Task group 4 (Low Rate WPAN)

6.4.1 4 (Low Rate WPAN) ZigBee

IEEE 802.15.4-2003 (Low Rate WPAN) deals with low data rate but very long

battery life (months or even years) and very low complexity. The first edition

of the 802.15.4 standard was released in May 2003. In March 2004, after

forming Task Group 4b, task group 4 put itself in hibernation. The ZigBee set

of high level communication protocols is based upon the specification

produced by the IEEE 802.15.4 taskgroup. The Internet Engineering Task

Force (IETF) 6LoWPAN working group is working to specify methods for

performing IPv6 networking over IEEE 802.15.4 networks. They have

released RFC 4919 describing "the assumptions, problem statement, and goals

for transmitting IP over IEEE 802.15.4 networks." In September 2007 the

6LoWPAN working group released the RFC 4944 which defines the

6LoWPAN header compression scheme. Also in the IETF 70 held in

December of 2007 at Vancouvera BoF was held to determine if a new working

group should be established to work on a standard routing solution for

6LoWPAN. The new working group was decided to be formed and was

named ROLL (Routing Over Lossy and Low-power links). First ROLL WG

meeting was held in IETF 72.

6.4.2 4a (WPAN Low Rate Alternative PHY)

The principal interest is in providing communications and high precision

ranging / location capability (1 meter accuracy and better), high aggregate

throughput, and ultra low power; as well as adding scalability to data rates,

www.bsscommunitycollege.in   www.bssnewgeneration.in  www.bsslifeskillscollege.in

50
www.onlineeducation.bharatsevaksamaj.net        www.bssskillmission.in

WWW.BSSVE.IN



longer range, and lower power consumption and cost. In March 2005,

IEEE802.15.4a selected a baseline specification. The baseline is two optional

PHYs consisting of a UWB Pulse Radio (operating in unlicensed UWB

spectrum) and a Chirp Spread Spectrum (operating in unlicensed 2.4GHz

spectrum). The Pulsed UWB Radio is based on Continuous Pulsed UWB

technology (see C-UWB) and will be able to deliver communications and high

precision ranging. In March 2007, 802.15.4a was approved as an amendment

to IEEE Std 802.15.4-2006.

6.4.3 4b (Revisions and Enhancements)

The IEEE 802.15 task group 4b was chartered to create a project for specific

enhancements and clarifications to the IEEE 802.15.4-2003 standard, such as

resolving ambiguities, reducing unnecessary complexity, increasing flexibility

in security key usage, considerations for newly available frequency

allocations, and others. IEEE 802.15.4b was approved in June 2006 and was

published in September 2006 as IEEE 802.15.4-2006.

6.5 Task group 5 (Mesh Networking)

Mesh Networking of Wireless Personal Area Networks (WPANs)

6.6 Task Group 6 (BAN)

This task group is focusing on BAN or Body Area Network Technologies. The goal is

a low-power and low-frequency short-range wireless standard.

7. Bluetooth

7.1 Bluetooth 1.0 and 1.0B

Versions 1.0 and 1.0B had many problems, and manufacturers had difficulty making

their products interoperable. Versions 1.0 and 1.0B also included mandatory

Bluetooth hardware device address (BD_ADDR) transmission in the Connecting

process (rendering anonymity impossible at the protocol level), which was a major

setback for certain services planned for use in Bluetooth environments.
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7.2 Bluetooth 1.1

 Ratified as IEEE Standard 802.15.1-2002.

 Many errors found in the 1.0B specifications were fixed.

 Added support for non-encrypted channels.

 Received Signal Strength Indicator (RSSI).

7.3 Bluetooth 1.2

This version is backward compatible with 1.1 and the major enhancements include the

following:

 Faster Connection and Discovery

 Adaptive frequency-hopping spread spectrum (AFH), which improves resistance to radio

frequency interference by avoiding the use of crowded frequencies in the hopping sequence.

 Higher transmission speeds in practice, up to 721 kbit/s, than in 1.1.

 Extended Synchronous Connections (eSCO), which improve voice quality of audio links by

allowing retransmissions of corrupted packets, and may optionally increase audio latency to

provide better support for concurrent data transfer.

 Host Controller Interface (HCI) support for three-wire UART.

 Ratified as IEEE Standard 802.15.1-2005.

7.4 Bluetooth 2.0

This version of the Bluetooth specification was released on November 10, 2004. It is

backward compatible with the previous version 1.1. The main difference is the

introduction of an Enhanced Data Rate (EDR) for faster data transfer. The nominal

rate of EDR is about 3 megabits per second, although the practical data transfer rate is

2.1 megabits per second. The additional throughput is obtained by using a different

radio technology for transmission of the data. Standard, or Basic Rate, transmission

uses Gaussian Frequency Shift Keying (GFSK) modulation of the radio signal; EDR

uses a combination of GFSK and Phase Shift Keying (PSK) modulation. According to

the 2.0 specification, EDR provides the following benefits:

 Three times faster transmission speed up to 10 times (2.1 Mbit/s) in some cases.

 Reduced complexity of multiple simultaneous connections due to additional bandwidth.
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 Lower power consumption through a reduced duty cycle.

The Bluetooth Special Interest Group (SIG) published the specification as "Bluetooth

2.0 + EDR" which implies that EDR is an optional feature. Aside from EDR, there are

other minor improvements to the 2.0 specification, and products may claim

compliance to "Bluetooth 2.0" without supporting the higher data rate. At least one

commercial device, the HTC TyTN Pocket PC phone, states "Bluetooth 2.0 without

EDR" on its data sheet.

7.5 Bluetooth 2.1

Bluetooth Core Specification Version 2.1 is fully backward compatible with 1.1, and

was adopted by the Bluetooth SIG on July 26, 2007. This specification includes the

following features:

 Extended inquiry response: provides more information during the inquiry procedure to allow

better filtering of devices before connection. This information includes the name of the

device, a list of services the device supports, plus other information like the time of day and

pairing information.

 Sniff subrating: reduces the power consumption when devices are in the sniff low-power

mode, especially on links with asymmetric data flows. Human interface devices (HID) are

expected to benefit the most, with mouse and keyboard devices increasing their battery life

by a factor of 3 to 10. It lets devices decide how long they will wait before sending keepalive

messages to one another. Previous Bluetooth implementations featured keep alive message

frequencies of up to several times per second. In contrast, the 2.1 specification allows pairs of

devices to negotiate this value between them to as infrequently as once every 5 or 10 seconds.

 Encryption Pause Resume: enables an encryption key to be refreshed, enabling much stronger

encryption for connections that stay up for longer than 23.3 hours (one Bluetooth day).

 Secure Simple Pairing: radically improves the pairing experience for Bluetooth devices,

while increasing the use and strength of security. It is expected that this feature will

significantly increase the use of Bluetooth.

 Near Field Communication (NFC) cooperation: automatic creation of secure Bluetooth

connections when NFC radio interface is also available. This functionality is part of the

Secure Simple Pairing where NFC is one way of exchanging pairing information. For

example, a headset should be paired with a Bluetooth 2.1 phone including NFC just by

www.bsscommunitycollege.in   www.bssnewgeneration.in  www.bsslifeskillscollege.in

53
www.onlineeducation.bharatsevaksamaj.net        www.bssskillmission.in

WWW.BSSVE.IN



bringing the two devices close to each other (a few centimeters). Another example is

automatic uploading of photos from a mobile phone or camera to a digital picture frame just

by bringing the phone or camera close to the frame.

In Section 3 of this course you will cover these topics:
Wlan -Wireless Local Area Networks

Wmanwireless Metropolitan Area Networks

Topic : Wlan -Wireless Local Area Networks

Topic Objective:

By the end of the topic the students will be able to:

 Understand WPAN

 Know about IEEE 802.15

 Learn about WiMedia Protocol

 Highlight Network Topology

 Explain MAC Layer

 Define Mesh Networking

Definition/Overview:

The topic defines a high rate wireless personal area network (HR WPAN). Students will learn

about the different HR WPAN standards and their applications. Next, students will see how

WiMedia and UWB work. This topic also outlines the issues facing WPAN technologies.

Finally, students will review the security features of each HR WPAN technology.

Wireless LAN: A wireless LAN (shortly WLAN) is a wireless local area network that links

two or more computers or devices using spread-spectrum or OFDM modulation technology
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based to enable communication between devices in a limited area. This gives users the

mobility to move around within a broad coverage area and still be connected to the network.

Key Points:

1. WPAN

In 1970 University of Hawaii, under the leadership of Norman Abramson, developed the

worlds first computer communication network using low-cost ham-like radios, named

ALOHAnet. The bi-directional star topology of the system included seven computers

deployed over four islands to communicate with the central computer on the Oahu

Islandwithout using phone lines. "In 1979, F.R. Gfeller and U. Bapst published a paper in

the IEEE Proceedings reporting an experimental wireless local area network using

diffused infrared communications. Shortly thereafter, in 1980, P. Ferrert reported on an

experimental application of a single code spread spectrum radio for wireless terminal

communications in the IEEE National Telecommunications Conference. In 1984, a

comparison between Infrared and CDMA spread spectrum communications for wireless

office information networks was published by Kaveh Pahlavan in IEEE Computer

Networking Symposium which appeared later in the IEEE Communication Society

Magazine. In May 1985, the efforts of Marcus led the FCC to announce experimental

ISM bands for commercial application of spread spectrum technology. Later on, M.

Kavehrad reported on an experimental wireless PBX system using code division multiple

access. These efforts prompted significant industrial activities in the development of a

new generation of wireless local area networks and it updated several old discussions in

the portable and mobile radio industry.

The first generation of wireless data modems was developed in the early 1980s by

amateur radio operators, who commonly referred to this as packet radio. They added a

voice band data communication modem, with data rates below 9600-bit/s, to an existing

short distance radio system, typically in the two meter amateur band. The second

generation of wireless modems was developed immediately after the FCC announcement

in the experimental bands for non-military use of the spread spectrum technology. These

modems provided data rates on the order of hundreds of kbit/s. The third generation of

wireless modem then aimed at compatibility with the existing LANs with data rates on

the order of Mbit/s. Several companies developed the third generation products with data
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rates above 1 Mbit/s and a couple of products had already been announced by the time of

the first IEEE Workshop on Wireless LANs."

"The first of the IEEE Workshops on Wireless LAN was held in 1991. At that time early

wireless LAN products had just appeared in the market and the IEEE 802.11 committee

had just started its activities to develop a standard for wireless LANs. The focus of that

first workshop was evaluation of the alternative technologies. By 1996, the technology

was relatively mature, a variety of applications had been identified and addressed and

technologies that enable these applications were well understood. Chip sets aimed at

wireless LAN implementations and applications, a key enabling technology for rapid

market growth, were emerging in the market. Wireless LANs were being used in

hospitals, stock exchanges, and other in building and campus settings for nomadic access,

point-to-point LAN bridges, ad-hoc networking, and even larger applications through

internetworking. The IEEE 802.11 standard and variants and alternatives, such as the

wireless LAN interoperability forum and the European HiperLAN specification had made

rapid progress, and the unlicensed PCS Unlicensed Personal Communications Services

and the proposed SUPERNet, later on renamed as U-NII, bands also presented new

opportunities."

Originally WLAN hardware was so expensive that it was only used as an alternative to

cabled LAN in places where cabling was difficult or impossible. Early development

included industry-specific solutions and proprietary protocols, but at the end of the 1990s

these were replaced by standards, primarily the various versions of IEEE 802.11 (Wi-Fi).

An alternative ATM-like 5 GHz standardized technology, HiperLAN/2, has so far not

succeeded in the market, and with the release of the faster 54 Mbit/s 802.11a (5 GHz) and

802.11g (2.4 GHz) standards, almost certainly never will. In November 2007, the

Australian Commonwealth Scientific and Industrial Research Organisation (CSIRO) won

a legal battle in the USfederal court of Texas against Buffalo Technology which found the

USmanufacturer had failed to pay royalties on a US WLAN patent CSIRO had filed in

1996. CSIRO are currently engaged in legal cases with computer companies including

Microsoft, Intel, Dell, Hewlett-Packard and Netgear which argue that the patent is invalid

and should negate any royalties paid to CSIRO for WLAN-based products.
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1.1 Benefits

The popularity of wireless LANs is a testament primarily to their convenience, cost

efficiency, and ease of integration with other networks and network components. The

majority of computers sold to consumers today come pre-equipped with all necessary

wireless LAN technology. Benefits of wireless LANs include:

1.1.1 Convenience

The wireless nature of such networks allows users to access network resources

from nearly any convenient location within their primary networking

environment (home or office). With the increasing saturation of laptop-style

computers, this is particularly relevant.

1.1.2 Mobility

With the emergence of public wireless networks, users can access the internet

even outside their normal work environment. Most chain coffee shops, for

example, offer their customers a wireless connection to the internet at little or

no cost.

1.1.3 Productivity

Users connected to a wireless network can maintain a nearly constant

affiliation with their desired network as they move from place to place. For a

business, this implies that an employee can potentially be more productive as

his or her work can be accomplished from any convenient location. For

example, a hospital or warehouse may implement Voice over WLAN

applications that enable mobility and cost savings.

1.1.4 Deployment

Initial setup of an infrastructure-based wireless network requires little more

than a single access point. Wired networks, on the other hand, have the

additional cost and complexity of actual physical cables being run to
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numerous locations (which can even be impossible for hard-to-reach locations

within a building).

1.1.5 Expandability

Wireless networks can serve a suddenly-increased number of clients with the

existing equipment. In a wired network, additional clients would require

additional wiring.

1.1.6 Cost

Wireless networking hardware is at worst a modest increase from wired

counterparts. This potentially increased cost is almost always more than

outweighed by the savings in cost and labor associated to running physical

cables.

2. IEEE 802.15

2.1 Task group 1 (WPAN/Bluetooth)

IEEE 802.15.1-2002 has derived a Wireless Personal Area Network standard based on

the Bluetooth v1.1 specifications. It includes a medium access control and physical

layer specification. An updated version of this standard, based upon the additions

incorporated into Bluetooth v1.2, was published as IEEE 802.15.1-2005. Following

the publication of 802.15.1-2005, the IEEE Study Group 1b voted 90-0 to discontinue

their relationship with the Bluetooth SIG, effectively meaning that the later versions

of Bluetooth will not become future IEEE standards.

2.2 Task group 2 (Coexistence)

IEEE 802.15.2-2003 addresses the issue of coexistence of wireless personal area

networks (WPAN) with other wireless devices operating in unlicensed frequency

bands such as wireless local area networks (WLAN).
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2.3 Task group 3 (High Rate WPAN)

2.3.1 3 (High Rate WPAN)

IEEE 802.15.3-2003 is a MAC and PHY standard for high-rate (11 to 55

Mbit/s) WPANs.

2.3.1.1 3a (WPAN High Rate Alternative PHY)

IEEE 802.15.3a was an attempt to provide a higher speed UWB PHY

enhancement amendment to IEEE 802.15.3 for applications which

involve imaging and multimedia. The IEEE 802.15.3a most

commendable achievement was the consolidation of 23 UWB PHY

specifications into two proposals using : Multi-Band Orthogonal

Frequency Division Multiplexing (MB-OFDM) UWB, supported by

the WiMedia Alliance, and Direct Sequence - UWB (DS-UWB),

supported by the UWB Forum. On January 19, 2006 IEEE 802.15.3a

task group (TG3a) members voted to withdraw the December 2002

project authorization request (PAR) that initiated the development of

high data rate UWB standards. The process was in total deadlock.

There were two technology proposals on the table backed by two

different industry alliances. One of them was backed by the majority of

the industry, the other was only supported by a small minority but had

sufficient votes to block forward progress. The task group finally

agreed to duke it out in the market place. The Working Group

concurred. The technology at the time also faced significant regulatory

hurdles, that have been resolved in 2008. This was not a factor in this

decision but from a standards perspective it probably was too early to

write a UWB standard. The main proposal was adopted by the

WiMedia Alliance, and eventually by the USB-IF and Bluetooth SIG.

2.3.1.2 3b (MAC Amendment)

The IEEE 802.15.3.b is working on an amendment to 802.15.3 to

improve implementation and interoprability of the MAC. This will
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include minor optimizations while preserving backward compatibility.

In addition, this amendment will correct errors, clarify ambiguities, and

add editorial clarifications.

2.3.1.3 3c (WPAN Millimeter Wave Alternative PHY)

The IEEE 802.15.3 Task Group 3c (TG3c) was formed in March 2005.

TG3c is developing a millimeter-wave-based alternative physical layer

(PHY) for the existing 802.15.3 Wireless Personal Area Network

(WPAN) Standard 802.15.3-2003. Standard completion is expected for

May 2008.

This mmWave WPAN will operate in the new and clear band including 57-64

GHz unlicensed band defined by FCC 47 CFR 15.255. The millimeter-wave

WPAN will allow high coexistence (close physical spacing) with all other

microwave systems in the 802.15 family of WPANs. In addition, the

millimeter-wave WPAN will allow very high data rate over 2 Gbit/s

applications such as high speed internet access, streaming content download

(video on demand, HDTV, home theater, etc.), real time streaming and

wireless data bus for cable replacement. Optional data rates in excess of 3

Gbit/s will be provided.

2.4 Task group 4 (Low Rate WPAN)

2.4.1 4 (Low Rate WPAN) ZigBee

IEEE 802.15.4-2003 (Low Rate WPAN) deals with low data rate but very long

battery life (months or even years) and very low complexity. The first edition

of the 802.15.4 standard was released in May 2003. In March 2004, after

forming Task Group 4b, task group 4 put itself in hibernation. The ZigBee set

of high level communication protocols is based upon the specification

produced by the IEEE 802.15.4 taskgroup. The Internet Engineering Task

Force (IETF) 6LoWPAN working group is working to specify methods for

performing IPv6 networking over IEEE 802.15.4 networks. They have

released RFC 4919 describing "the assumptions, problem statement, and goals
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for transmitting IP over IEEE 802.15.4 networks." In September 2007 the

6LoWPAN working group released the RFC 4944 which defines the

6LoWPAN header compression scheme. Also in the IETF 70 held in

December of 2007 at Vancouvera BoF was held to determine if a new working

group should be established to work on a standard routing solution for

6LoWPAN. The new working group was decided to be formed and was

named ROLL (Routing Over Lossy and Low-power links). First ROLL WG

meeting was held in IETF 72.

2.4.2 4a (WPAN Low Rate Alternative PHY)

The principal interest is in providing communications and high precision

ranging / location capability (1 meter accuracy and better), high aggregate

throughput, and ultra low power; as well as adding scalability to data rates,

longer range, and lower power consumption and cost. In March 2005,

IEEE802.15.4a selected a baseline specification. The baseline is two optional

PHYs consisting of a UWB Pulse Radio (operating in unlicensed UWB

spectrum) and a Chirp Spread Spectrum (operating in unlicensed 2.4GHz

spectrum). The Pulsed UWB Radio is based on Continuous Pulsed UWB

technology (see C-UWB) and will be able to deliver communications and high

precision ranging. In March 2007, 802.15.4a was approved as an amendment

to IEEE Std 802.15.4-2006.

2.4.3 4b (Revisions and Enhancements)

The IEEE 802.15 task group 4b was chartered to create a project for specific

enhancements and clarifications to the IEEE 802.15.4-2003 standard, such as

resolving ambiguities, reducing unnecessary complexity, increasing flexibility in

security key usage, considerations for newly available frequency allocations, and

others. IEEE 802.15.4b was approved in June 2006 and was published in September

2006 as IEEE 802.15.4-2006.
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2.5 Task group 5 (Mesh Networking)

Mesh Networking of Wireless Personal Area Networks (WPANs)

2.6 Task Group 6 (BAN)

This task group is focusing on BAN or Body Area Network Technologies. The goal is

a low-power and low-frequency short-range wireless standard.

3. WiMedia Protocol

The WiMedia Alliance is a non-profit open industry association that promotes and

enables the rapid adoption, regulation, standardization and multi-vendor interoperability

of ultra-wideband (UWB) worldwide. WiMedia Alliance develop, maintain, enhance and

reference technical specifications including:

 PHY and MAC

 Convergence architecture to provide coexistence and fairness including support for multiple

applications (e.g., Wireless USB, Wireless 1394 FireWire, Bluetooth, IP, etc.)

 A protocol adaptation layer for the Internet Protocol

 IP-based application profiles

WiMedia Alliance and MultiBand OFDM Alliance Special Interest Group (MBOA-SIG)

merged into a single organization in 2005. The merged group operate as the WiMedia

Alliance. First, based on execution of the approved IEEE 802.15.3a Task Group down

selection procedure, there were only two proposals remaining. Each of the remaining

proposals contained mutually exclusive communication architectures. Neither proposer's

radio could communicate with the other. One proposal was a merger of a novel OFDM

architecture proposed by Texas Instruments and eventually adopted by the majority of the

industry, by the USB-IF for Wireless USB and by the Bluetooth SIG for high speed

Bluetooth. This merged proposal became known as the MB-OFDM proposal and was

sponsored by Texas Instruments as a member of the Multi Band OFDM Alliance, which

is now part of WiMedia. The other proposal was a merger between an original direct

sequence pulse based design (DS-UWB) contributed by Xtreme Spectrum that was

modified to include features of several other pulse based proposals. Ironically, after the

dust settled through several years of each proposer bashing the other's technical
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implementation, both remaining proposals achieved nearly identical performance in terms

of data throughput, channel robustness, overall design DC power consumption, and

device cost.

Second, there were numerous attempts by each proposer to achieve both victory in the

down selection vote, and then reach the 75% approval rating required for task group

confirmation of the selected technical proposal, which never happened. In the first round

of down selection, the MB-OFDM proposal was selected. Through several subsequent

rounds of down selection, the selected proposal alternated between MB-OFDM and DS-

UWB, with neither being able to achieve technical confirmation. There was a significant

attempt at creating a compromise that would have allowed the MB-OFDM and DS-UWB

radios to communicate with each other. This common signaling mode (CSM) channel

initially supported a lower data rate than the minimum mandatory 110 Mbit/s, for

purposes of coordination and allowing other elements necessary for proper operation of a

wireless personal area network. The common signaling mode (CSM) was proposed by

John Santhoff of Pulse~LINK as a way forward for both proposals that would allow

complete coexistence and at least minimal interoperability. However, the proposal was

not technically sound and the companies supporting the MB-OFDM proposal insisted that

a common signaling mode was not needed, and that their customer research supported a

strict notion that only one physical layer (PHY) would be tolerated by the consumer

market. Thus, even though the DS-UWB supporters embraced CSM as a bridge between

the two proposals, the lack of flexibility and acceptance by MB-OFDM supporters killed

what turned out to be the best solution to achieve a compromise between the proposers.

The contest became so contentious that the originally elected Task Group Chair, Bob

Heile, who was also the 802.15 Working Group Chair, resigned his position. Bob Heile

was replaced by Jim Lansford, CTO of Alereon, and Gregg Rasor, Director of

Ultrawideband Research and Development in Motorola Labs, who co-chaired IEEE

802.15.3a until its end. The idea of co-chairs was brought about in yet another attempt to

forge a compromise that would generate an IEEE standard for ultrawideband.

Consequently, in the Spring of 2006, the IEEE 802.15.3a Task Group was officially

disbanded by the IEEE Standards Association. On January 19, 2006, IEEE 802.15.3a task

group (TG3a) members voted to recommend that the IEEE 802 Executive Committee ask

NESCOM to withdraw the December 2002 project authorization request (PAR), which
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initiated the development of a high data rate UWB PHY amendment for the IEEE

802.15.3 WPAN standard. The most commendable achievement of IEEE 802.15.3a was

its consolidation of 23 UWB PHY specifications into two proposals using: Multi-Band

Orthogonal Frequency Division Multiplexing (MB-OFDM) UWB, supported by the

WiMedia Alliance, then adopted by the USB-IF for Wireless USB and by the Bluetooth

SIG for high speed Bluetooth, while the Direct Sequence - UWB (DS-UWB) approach,

supported by the UWB Forum, was abandoned.

4. Network Topology

Network topology is the study of the arrangement or mapping of the elements(links,

nodes, etc.) of a network, especially the physical (real) and logical (virtual)

interconnections between nodes. A local area network (LAN) is one example of a

network that exhibits both a physical topology and a logical topology. Any given node in

the LAN will have one or more links to one or more other nodes in the network and the

mapping of these links and nodes onto a graph results in a geometrical shape that

determines the physical topology of the network. Likewise, the mapping of the flow of

data between the nodes in the network determines the logical topology of the network.

The physical and logical topologies might be identical in any particular network but they

also may be different.

Any particular network topology is determined only by the graphical mapping of the

configuration of physical and/or logical connections between nodes. LAN Network

Topology is, therefore, technically a part of graph theory. Distances between nodes,

physical interconnections, transmission rates, and/or signal types may differ in two

networks and yet their topologies may be identical.

5. MAC Layer

The Media Access Control (MAC) data communication protocol sub-layer, also known as

the Medium Access Control, is a sublayer of the Data Link Layer specified in the seven-

layer OSI model (layer 2). It provides addressing and channel access control mechanisms

that make it possible for several terminals or network nodes to communicate within a
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multipoint network, typically a local area network (LAN) or metropolitan area network

(MAN). The hardware that implements the MAC is referred to as a Medium Access

Controller. The MAC sub-layer acts as an interface between the Logical Link Control

(LLC) sublayer and the network's physical layer. The MAC layer emulates a full-duplex

logical communication channel in a multipoint network. This channel may provide

unicast, multicast or broadcast communication service. The MAC layer addressing

mechanism is called physical address or MAC address. This is a unique serial number

assigned to each network adapter, making it possible to deliver data packets to a

destination within a subnetwork, i.e. a physical network consisting of one or several

network segments interconnected by repeaters, hubs, bridges and switches, but not by IP

routers. An IP router may interconnect several subnets. An example of a physical network

is an Ethernet network, perhaps extended by wireless local area network (WLAN) access

points and WLAN network adapters, since these share the same 48-bit MAC address

hierarchy as Ethernet. A MAC layer is not required in full-duplex point-to-point

communication, but address fields are included in some point-to-point protocols for

compatibility reasons.

6. Mesh Networking

Mesh networking is a way to route data, voice and instructions between nodes. It allows

for continuous connections and reconfiguration around broken or blocked paths by

hopping from node to node until the destination is reached. A mesh network whose nodes

are all connected to each other is a fully connected network. Mesh networks differ from

other networks in that the component parts can all connect to each other via multiple

hops, and they generally are not mobile. Mesh networks can be seen as one type of ad hoc

network. Mobile ad hoc networks (MANET) and mesh networks are therefore closely

related, but MANET also have to deal with the problems introduced by the mobility of

the nodes. Mesh networks are self-healing: the network can still operate even when a

node breaks down or a connection goes bad. As a result, this network is very, very

reliable. This concept is applicable to wireless networks, wired networks, and software

interaction. The animation at right illustrates how wireless mesh networks can self form

and self heal. Wireless mesh networks is the most topical application of mesh

architectures. Wireless mesh was originally developed for military applications but have

undergone significant evolution in the past decade. As the cost of radios plummeted,
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single radio products evolved to support more radios per mesh node with the additional

radios providing specific functions- such as client access, backhaul service or scanning

radios for high speed handover in mobility applications. The mesh node design also

became more modular - one box could support multiple radio cards - each operating at a

different frequency.

Topic : Wmanwireless Metropolitan Area Networks

Topic Objective:

By the end of the topic the students will be able to:

 Definition about MAN

 Learn about Wireless Network Interface Card

 Highlight WLAN Modes

 Explain Infrared WLAN

 Elaborate PHY layer

 Evaluate PMD sublayer

 Describe IEEE 802.11 Standards

Definition/Overview:

This topic describes low-speed wireless local area networks. Students will learn how WLANs

are used. Next, students will see the components and modes of a WLAN. This topic also

describes how an RF WLAN works. Students will review the differences between IR, IEEE

802.11, and IEEE 802.11b WLANs. Finally, This topic outlines the user mobility features

offered by IEEE 802.11 networks.

Metropolitan area networks: Metropolitan area networks, or MANs, are large computer

networks usually spanning a city. They typically use wireless infrastructure or Optical fiber

connections to link their sites.

Key Points:

www.bsscommunitycollege.in   www.bssnewgeneration.in  www.bsslifeskillscollege.in

66
www.onlineeducation.bharatsevaksamaj.net        www.bssskillmission.in

WWW.BSSVE.IN



1. Definition about MAN

A MAN is optimized for a larger geographical area than a LAN, ranging from several

blocks of buildings to entire cities. MANs can also depend on communications channels

of moderate-to-high data rates. A MAN might be owned and operated by a single

organization, but it usually will be used by many individuals and organizations. MANs

might also be owned and operated as public utilities. They will often provide means for

internetworking of local networks. Metropolitan area networks can span up to 50km,

devices used are modem and wire/cable.

Authors Kenneth C. Laudon and Jane P. Laudon of Management Information Systems:

Managing the Digital Firm 10th ed. define Metropolitan Area Networks (MAN) as: A

Metropolitan Area Network (MAN) is a large computer network that spans a metropolitan

area or campus. Its geographic scope falls between a WAN and LAN. MANs provide

Internet connectivity for LANs in a metropolitan region, and connect them to wider area

networks like the Internet. Some technologies used for this purpose are ATM, FDDI, and

SMDS. These older technologies are in the process of being displaced by Ethernet-based

MANs (e.g. Metro Ethernet) in most areas. MAN links between LANs have been built

without cables using either microwave, radio, or infra-red laser links. Most companies

rent or lease circuits from common carriers due to the fact that laying long stretches of

cable can be expensive. DQDB, Distributed Queue Dual Bus, is the Metropolitan Area

Network standard for data communication. It is specified in the IEEE 802.6 standard.

Using DQDB, networks can be up to 20 miles (30km) long and operate at speeds of 34 to

155 Mbit/s.

Several notable networks started as MANs, such as the Internet peering points MAE-West,

MAE-East, and the Sohonet media network

2. Wireless Network Interface Card

A wireless network interface controller (WNIC) is a network card which connects to a

radio-based computer network, unlike a regular network interface controller (NIC) which

connects to a wire-based network such as token ring or ethernet. A WNIC, just like a

NIC, works on the Layer 1 and Layer 2 of the OSI Model. A WNIC is an essential

component for wireless desktop computer. This card uses an antenna to communicate
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through microwaves. A WNIC in a desktop computer usually is connected using the PCI

bus. Other connectivity options are USB and PC card. Integrated WNIC's are also

available, (typically in Mini PCI/PCI Express Mini Card form). A WNIC can operate in

two modes known as infrastructure mode and ad hoc mode.

In an infrastructure mode network the WNIC needs an access point: all data is transferred

using the access point as the central hub. All wireless nodes in an infrastructure mode

network connect to an access point. All nodes connecting to the access point must have

the same service set identifier (SSID) as the access point, and if the access point is

enabled with WEP they must have the same WEP key or other authentication parameters.

In an ad-hoc mode network the WNIC does not require an access point, but rather can

directly interface with all other wireless nodes directly. All the nodes in an ad-hoc

network must have the same channel and SSID.

WNICs are designed around the IEEE 802.11 standard which sets out low-level

specifications for how all wireless networks operate. Earlier interface controllers are

usually only compatible with earlier variants of the standard, while newer cards support

both current and old standards. Specifications commonly used in marketing materials for

WNICs include:

 Wireless data transfer rates (measured in Mbit/s); these range from 2 Mbit/s to 54 Mbit/s.

 Wireless transmit power (measured in dBm)

 Wireless network standards (may include standards such as 802.11b, 802.11g, 802.11n, etc.)

802.11g offers data transfer speeds equivalent to 802.11a up to 54 Mbit/s and the wider 300-

foot (91 m) range of 802.11b, and is backward compatible with 802.11b.

3. WLAN Modes

A Wireless Distribution System is a system that enables the wireless interconnection of

access points in an IEEE 802.11 network. It allows a wireless network to be expanded

using multiple access points without the need for a wired backbone to link them, as is

traditionally required. The notable advantage of WDS over other solutions is that it

preserves the MAC addresses of client packets across links between access points. An

www.bsscommunitycollege.in   www.bssnewgeneration.in  www.bsslifeskillscollege.in

68
www.onlineeducation.bharatsevaksamaj.net        www.bssskillmission.in

WWW.BSSVE.IN



access point can be either a main, relay or remote base station. A main base station is

typically connected to the wired Ethernet. A relay base station relays data between remote

base stations, wireless clients or other relay stations to either a main or another relay base

station. A remote base station accepts connections from wireless clients and passes them

to relay or main stations. Connections between "clients" are made using MAC addresses

rather than by specifying IP assignments. All base stations in a Wireless Distribution

System must be configured to use the same radio channel, and share WEP keys or WPA

keys if they are used. They can be configured to different service set identifiers. WDS

also requires that every base station be configured to forward to others in the system.

WDS may also be referred to as repeater mode because it appears to bridge and accept

wireless clients at the same time (unlike traditional bridging). It should be noted,

however, that throughput in this method is halved for all clients connected wireless

4. Infrared WLAN

The IEEE Standard for Floating-Point Arithmetic (IEEE 754) is the most widely-used

standard for floating-point computation, and is followed by many hardware (CPU and

FPU) and software implementations. Many computer languages allow or require that

some or all arithmetic be carried out using IEEE 754 formats and operations. The current

version is IEEE 754-2008, which was published in August 2008; the original IEEE 754-

1985 was published in 1985. The standard defines

 Arithmetic Formats: sets of binary and decimal floating-point data, which consist of finite

numbers, (including negative zero and subnormal numbers), infinities, and special 'not a

number' values (NaNs)

 Interchange Formats: encodings (bit strings) that may be used to exchange floating-point

data in an efficient and compact form

 Rounding Algorithms: methods to be used for rounding numbers during arithmetic and

conversions

 Operations: arithmetic and other operations on arithmetic formats

 Exception Handling: indications of exceptional conditions (such as division by zero,

overflow, etc.)

The standard also includes extensive recommendations for advanced exception handling,

additional operations (such as trigonometic functions), expression evaluation, and for
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achieving reproducible results. The standard is derived from and replaces the 1985

version following a 7-year revision process, chaired by Dan Zuras and edited by Mike

Cowlishaw. The binary formats in the original standard are included in the new standard

along with three new basic formats (one binary and two decimal). To conform to the

current standard, an implementation must implement at least one of the basic formats as

both an arithmetic format and an interchange format.

5. PHY layer

The Physical Layer is the first level in the seven-layer OSI model of computer

networking. It translates communications requests from the Data Link Layer into

hardware-specific operations to effect transmission or reception of electronic signals. The

Physical Layer is a fundamental layer upon which all higher level functions in a network

are based. However, due to the plethora of available hardware technologies with widely

varying characteristics, this is perhaps the most complex layer in the OSI architecture.

The implementation of this layer is often termed PHY. The Physical Layer defines the

means of transmitting raw bits rather than logical data packets over a physical link

connecting network nodes. The bit stream may be grouped into code words or symbols

and converted to a physical signal that is transmitted over a hardware transmission

medium. The Physical Layer provides an electrical, mechanical, and procedural interface

to the transmission medium. The shapes of the electrical connectors, which frequencies to

broadcast on, which modulation scheme to use and similar low-level parameters are

specified here.

6. PMD sublayer

Physical Medium Dependent sublayers or PMDs further help to define physical layer

specifications for Fast Ethernet, Gigabit Ethernet and 10 Gigabit Ethernet. These

sublayers define physical layer specifications in Gigabit and 10 Gigabit Ethernet

transmissions. It is responsible for the transmission and reception of individual bits on a

physical medium. These responsibilities encompass bit timing, signal encoding,

interacting with the physical medium, and the cable or wire itself. The Ethernet PMD

sublayer is part of the Ethernet PHY layer. In addition, for cable modems (CM) Physical

Medium Dependent sublayers or PMDs defines the physical sub-layer which also

includes the MPEG sub-layer.
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7. IEEE 802.11 Standards

The 802.11 family includes over-the-air modulation techniques that use the same basic

protocol. The most popular are those defined by the 802.11b and 802.11g protocols, and

are amendments to the original standard. 802.11-1997 was the first wireless networking

standard, but 802.11b was the first widely accepted one, followed by 802.11g and

802.11n. Security was originally purposefully weak due to export requirements of some

governments, and was later enhanced via the 802.11i amendment after governmental and

legislative changes. 802.11n is a new multi-streaming modulation technique that is still

under draft development, but products based on its proprietary pre-draft versions are

being sold. Other standards in the family (cf, h, j) are service amendments and extensions

or corrections to previous specifications. 802.11b and 802.11g use the 2.4 GHz ISM band,

operating in the United States under Part 15 of the US Federal Communications

Commission Rules and Regulations. Because of this choice of frequency band, 802.11b

and g equipment may occasionally suffer interference from microwave ovens, cordless

telephones and Bluetooth devices. Both 802.11 and Bluetooth control their interference

and susceptibility to interference by using spread spectrum modulation. Bluetooth uses a

frequency hopping spread spectrum signaling method (FHSS) while 802.11b/g use the

direct sequence spread spectrum signaling (DSSS) and orthogonal frequency division

multiplexing (OFDM) methods respectively. 802.11a uses the 5 GHz U-NII band, which,

for much of the world, offers at least nineteen non-overlapping channels rather than the

three offered in the 2.4 GHz ISM frequency band. However propagation through and

around objects such as walls and furniture tends to be better at lower frequencies. The

segment of the radio frequency spectrum used varies between countries. In the US,

802.11a and 802.11g devices may be operated without a license, as allowed in Part 15 of

the FCC Rules and Regulations. Frequencies used by channels one through six (802.11b)

fall within the 2.4 GHz amateur radio band. Licensed amateur radio operators may

operate 802.11b/g devices under Part 97 of the FCC Rules and Regulations, allowing

increased power output but not commercial content or encryption.

In Section 4 of this course you will cover these topics:
Wwanwireless Wide Area Networks
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Satellite Fixed Broadband Wireless

Topic : Wwanwireless Wide Area Networks

Topic Objective:

By the end of the topic the students will be able to:

 Understand Wide area network

 Explain IEEE 802.11a

 Elaborate U-NII Frequency Band

 Define Orthogonal Frequency Division Multiplexing

 Describe Error Correction in 802.11a

 Know IEEE 802.11g

Definition/Overview:

This topic describes high-speed wireless local area networks and WLAN security. Students

will learn how IEEE 802.11a networks function and how they differ from 802.11 networks.

Next, students will see how 802.11g enhances 802.11b networks. This topic also discusses

new and future standards and how they improve 802.11 networks. Students will review how

the use of wireless bridges and wireless switches expands the functionality and management

of WLANs. Finally, This topic lists basic and expanded security features and issues of IEEE

802.11 networks.

WWAN: WWAN, which stands for Wireless Wide Area Network, is a form of wireless

network.

Key Points:

1. Wide area network

A WWAN differs from a WLAN (wireless LAN) in that it uses Mobile

telecommunication cellular network technologies such as WIMAX (though it's better
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applicated into WMAN Networks), UMTS, GPRS, CDMA2000, GSM, CDPD, Mobitex,

HSDPA or 3G to transfer data. It can use also LMDS and Wi-Fi to connect to the

Internet. These cellular technologies are offered regionally, nationwide, or even globally

and are provided by a wireless service provider, typically on paid basis. WWAN

connectivity allows a user with a laptop and a WWAN card to surf the web, check email,

or connect to a Virtual Private Network (VPN) from anywhere within the regional

boundaries of cellular service. Various computers now have integrated WWAN

capabilities (Such as HSDPA in Centrino). This means that the system has a cellular radio

(GSM/CDMA) built in, which allows the user to send and receive data. There are two

basic means that a mobile network may use to transfer data:

 Packet-switched Data Networks (GPRS/CDPD)

 Circuit-switched dial-up connections

Since radio communications systems do not provide a physically secure connection path,

WWANs typically incorporate encryption and authentication methods to make them more

secure. Unfortunately some of the early GSM encryption techniques were flawed, and

security experts have issued warnings that cellular communication, including WWANs, is

no longer secure. UMTS(3G) encryption was developed later and has yet to be broken.

Examples of providers for WWAN include Sprint Nextel, Verizon, and AT&T. Wide

Area Network (WAN) is a computer network that covers a broad area (i.e., any network

whose communications links cross metropolitan, regional, or national boundaries ).

Contrast with personal area networks (PANs), local area networks (LANs), campus area

networks (CANs), or metropolitan area networks (MANs) which are usually limited to a

room, building, campus or specific metropolitan area (e.g., a city) respectively. The

largest and most well-known example of a WAN is the Internet. WANs [a] are used to

connect LANs and other types of networks together, so that users and computers in one

location can communicate with users and computers in other locations. Many WANs are

built for one particular organization and are private. Others, built by Internet service

providers, provide connections from an organization's LAN to the Internet. WANs are

often built using leased lines. At each end of the leased line, a router connects to the LAN

on one side and a hub within the WAN on the other. Leased lines can be very expensive.

Instead of using leased lines, WANs can also be built using less costly circuit switching

or packet switching methods. Network protocols including TCP/IP deliver transport and
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addressing functions. Protocols including Packet over SONET/SDH, MPLS, ATM and

Frame relay are often used by service providers to deliver the links that are used in

WANs. X.25 was an important early WAN protocol, and is often considered to be the

"grandfather" of Frame Relay as many of the underlying protocols and functions of X.25

are still in use today (with upgrades) by Frame Relay. Academic research into wide area

networks can be broken down into three areas: Mathematical models, network emulation

and network simulation. Performance improvements are sometimes delivered via WAFS

or WAN optimization.

2. IEEE 802.11a

IEEE 802.11a-1999 or 802.11a, is an amendment to the IEEE 802.11 specification that

added a higher throughput of up to 54 Mbit/s by using the 5 GHz band. It has seen

widespread worldwide implementation, particularly within the corporate workspace. The

amendment has been incorporated into the published IEEE 802.11-2007 standard. 802.11

is a set of IEEE standards that govern wireless networking transmission methods. They

are commonly used today in their 802.11a, 802.11b, and 802.11g versions to provide

wireless connectivity in the home, office and some commercial establishments. The

802.11a amendment to the original standard was ratified in 1999. The 802.11a standard

uses the same core protocol as the original standard, operates in 5 GHz band, and uses a

52-subcarrier orthogonal frequency-division multiplexing (OFDM) with a maximum raw

data rate of 54 Mbit/s, which yields realistic net achievable throughput in the mid-20

Mbit/s. The data rate is reduced to 48, 36, 24, 18, 12, 9 then 6 Mbit/s if required. 802.11a

originally had 12/13 non-overlapping channels, 12 that can be used indoor and 4/5 of the

12 that can be used in outdoor point to point configurations. Recently many countries of

the world are allowing operation in the 5.47 to 5.725 GHz Band as a secondary user using

a sharing method derived in 802.11h. This will add another 12/13 Channels to the overall

5 GHz band enabling significant overall wireless network capacity enabling the

possibility of 24+ channels in some countries. 802.11a is not interoperable with 802.11b

as they operate on separate bands, except if using equipment that has a dual band

capability. Nearly all enterprise class Access Points have dual band capability.

Using the 5 GHz band gives 802.11a a significant advantage, since the 2.4 GHz band is

heavily used to the point of being crowded. Degradation caused by such conflicts can

cause frequent dropped connections and degradation of service. However, this high
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carrier frequency also brings a slight disadvantage: The effective overall range of 802.11a

is slightly less than that of 802.11b/g; 802.11a signals cannot penetrate as far as those for

802.11b because they are absorbed more readily by walls and other solid objects in their

path. On the other hand, OFDM has fundamental propagation advantages when in a high

multipath environment, such as an indoor office, and the higher frequencies enable the

building of smaller antennas with higher RF system gain which counteract the

disadvantage of a higher band of operation. The increased number of usable channels (4

to 8 times as many in FCC countries) and the near absence of other interfering systems

(microwave ovens, cordless phones, baby monitors) give 802.11a significant aggregate

bandwidth and reliability advantages over 802.11b/g.

3. U-NII Frequency Band

The Unlicensed National Information Infrastructure (U-NII) radio band is part of the

radio frequency spectrum used by IEEE-802.11a devices and by many wireless ISPs. It

operates over three ranges:

 U-NII Low: 5.15-5.25 GHz. Regulations require use of an integrated antenna. Power limited

to 50mW

 U-NII Mid: 5.25-5.35 GHz. Regulations allow for a user-installable antenna, subject to

Dynamic Frequency Selection (DFS, or radar avoidance). Power limited to 250mW

 U-NII Worldwide: 5.47-5.725 GHz. Both outdoor and indoor use, subject to Dynamic

Frequency Selection (DFS, or radar avoidance). Power limited to 250mW. This spectrum was

added by the FCC in 2003 to "align the frequency bands used by U-NII devices in the United

States with bands in other parts of the world".

 U-NII Upper: 5.725 to 5.825 GHz. Sometimes referred to as U-NII / ISM due to overlap with

the ISM band. Regulations allow for a user-installable antenna. Power limited to 1W

U-NII is an FCC regulatory domain for 5- GHz wireless devices. U-NII power limits are

defined by the United States CFR Title 47 (Telecommunication), Part 15 - Radio

Frequency Devices, Subpart E - Unlicensed National Information Infrastructure Devices,

Paragraph 15.407 - General technical requirements. Regulatory use in individual

countries may differ.
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4. Orthogonal Frequency Division Multiplexing

Orthogonal frequency-division multiplexing (OFDM) essentially identical to Coded

OFDM (COFDM) and Discrete multi-tone modulation (DMT) is a frequency-division

multiplexing (FDM) scheme utilized as a digital multi-carrier modulation method. A large

number of closely-spaced orthogonal sub-carriers are used to carry data. The data is

divided into several parallel data streams or channels, one for each sub-carrier. Each sub-

carrier is modulated with a conventional modulation scheme (such as quadrature

amplitude modulation or phase shift keying) at a low symbol rate, maintaining total data

rates similar to conventional single-carrier modulation schemes in the same bandwidth.

OFDM has developed into a popular scheme for wideband digital communication,

whether wireless or over copper wires, used in applications such as digital television and

audio broadcasting, wireless networking and broadband internet access.

The primary advantage of OFDM over single-carrier schemes is its ability to cope with

severe channel conditions for example, attenuation of high frequencies in a long copper

wire, narrowband interference and frequency-selective fading due to multipath without

complex equalization filters. Channel equalization is simplified because OFDM may be

viewed as using many slowly-modulated narrowband signals rather than one rapidly-

modulated wideband signal. The low symbol rate makes the use of a guard interval

between symbols affordable, making it possible to handle time-spreading and eliminate

intersymbol interference (ISI). This mechanism also facilitates the design of single-

frequency networks, where several adjacent transmitters send the same signal

simultaneously at the same frequency, as the signals from multiple distant transmitters

may be combined constructively, rather than interfering as would typically occur in a

traditional single-carrier system.

5. Error Correction in 802.11a

The original version of the standard IEEE 802.11 was released in 1997 and clarified in

1999, but is today obsolete. It specified two net bit rates of 1 or 2 megabits per second

(Mbit/s), plus forward error correction code. It specifed three alternative physical layer

technologies: diffuse infrared operating at 1 Mbit/s; frequency-hopping spread spectrum

operating at 1 Mbit/s or 2 Mbit/s; and direct-sequence spread spectrum operating at 1

Mbit/s or 2 Mbit/s. The latter two radio technologies used microwave transmission over
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the Industrial Scientific Medical frequency band at 2.4 GHz. Previous WLAN

technologies used lower frequencies, such as the U.S. 900 MHz ISM band. Legacy

802.11 with direct-sequence spread spectrum was rapidly supplemented and popularized

by 802.11b.

6. IEEE 802.11g

IEEE 802.11g-2003 or 802.11g, is an amendment to the IEEE 802.11 specification that

extended throughput to up to 54 Mbit/s using the same 2.4 GHz band as 802.11b. This

specification under the marketing name of Wi-Fi has been implemented all over the

world. The 802.11g protocol is now Clause 19 of the published IEEE 802.11-2007

standard. 802.11g was the third modulation standard for Wireless LAN. It works in the

2.4 GHz band (like 802.11b) but operates at a maximum raw data rate of 54 Mbit/s, or

about 19 Mbit/s net throughput (identical to 802.11a core, except for some additional

legacy overhead for backward compatibility). 802.11g hardware is fully backwards

compatible with 802.11b hardware. Details of making b and g work well together

occupied much of the lingering technical process. In an 11g network, however, the

presence of a legacy 802.11b participant will significantly reduce the speed of the overall

802.11g network. The modulation scheme used in 802.11g is orthogonal frequency-

division multiplexing (OFDM) copied from 802.11a with data rates of 6, 9, 12, 18, 24, 36,

48, and 54 Mbit/s, and reverts to CCK (like the 802.11b standard) for 5.5 and 11 Mbit/s

and DBPSK/DQPSK+DSSS for 1 and 2 Mbit/s. Even though 802.11g operates in the

same frequency band as 802.11b, it can achieve higher data rates because of its heritage

to 802.11a.

Topic : Satellite Fixed Broadband Wireless

Topic Objective:

By the end of the topic the students will be able to:

 Understand Multilinking Modems
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 Know about ISDN

 Learn about Wired Ethernet

 Explain Rural broadband

 Elaborate Satellite Internet

 Evaluate MultichannelMultipoint Distribution Service

 Examine Local Multipoint Distribution Service

 Highlight Cellular broadband

 Analyze Power-line Internet

 Identify Wireless ISP

 Understand iBlast

Definition/Overview:

Broadband Internet access, often shortened to just broadband, is high data rate Internet

accesstypically contrasted with dial-up access over a modem. Dial-up modems are generally

only capable of a maximum bitrate of 56 kbit/s (kilobits per second) and require the full use

of a telephone linewhereas broadband technologies supply at least double this bandwidth and

generally without disrupting telephone use. Although various minimum bandwidths have

been used in definitions of broadband, ranging up from 64 kbit/s up to 1.0 Mbit/s, the 2006

OECD report is typical by defining broadband as having download data transfer rates equal to

or faster than 256 kbit/s, while the United States FCC, as of 2008, defines broadband as

anything above 768 kbit/s. The trend is to raise the threshold of the broadband definition as

the marketplace rolls out faster services. Data rates are defined in terms of maximum

download because several common consumer broadband technologies such as ADSL are

"asymmetric"supporting much slower maximum upload data rate than download.

Key Points:

1. Multilinking Modems

It is possible to roughly double dial-up capability with multilinking technology. What is

required are two modems, two phone lines, two dial-up accounts, and ISP support for

multilinking, or special software at the user end. This option was popular with some high-

end users before ISDN, DSL and other technologies became available. Diamond and

other vendors had created dual phone line modems with bonding capability. The data rate
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of dual line modems is faster than 90 kbit/s. The Internet and phone charge will be twice

the ordinary dial-up charge. Load balancing takes two internet connections and feeds

them into your network as one double data rate, more resilient internet connection. By

choosing two independent internet providers the load balancing hardware will

automatically use the line with least load which means should one line fail, the second

one automatically takes up the slack.

2. ISDN

Integrated Service Digital Network (ISDN) is one of the oldest broadband digital access

methods for consumers and businesses to connect to the Internet. It is a telephone data

service standard. Its use in the United States peaked in the late 1990s prior to the

availability of DSL and cable modem technologies. Broadband service is usually

compared to ISDN-BRI because this was the standard broadband access technology that

formed a baseline for the challenges faced by the early broadband providers. These

providers sought to compete against ISDN by offering faster and cheaper services to

consumers. A basic rate ISDN line (known as ISDN-BRI) is an ISDN line with 2 data

"bearer" channels (DS0 - 64 kbit/s each). Using ISDN terminal adapters (erroneously

called modems), it is possible to bond together 2 or more separate ISDN-BRI lines to

reach bandwidths of 256 kbit/s or more. The ISDN channel bonding technology has been

used for video conference applications and broadband data transmission. Primary rate

ISDN, known as ISDN-PRI, is an ISDN line with 23 DS0 channels and total bandwidth

of 1,544 kbit/s (USstandard). ISDN E1 (European standard) line is an ISDN lines with 30

DS0 channels and total bandwidth of 2,048 kbit/s. Because ISDN is a telephone-based

product, a lot of the terminology and physical aspects of the line are shared by the ISDN-

PRI used for voice services. An ISDN line can therefore be "provisioned" for voice or

data and many different options, depending on the equipment being used at any particular

installation, and depending on the offerings of the telephone company's central office

switch. Most ISDN-PRI's are used for telephone voice communication using large PBX

systems, rather than for data. One obvious exception is that ISPs usually have ISDN-PRI's

for handling ISDN data and modem calls.

It is mainly of historical interest that many of the earlier ISDN data lines used 56 kbit/s

rather than 64 kbit/s "B" channels of data. This caused ISDN-BRI to be offered at both

128 kbit/s and 112 kbit/s rates, depending on the central office's switching equipment. T-
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1/DS-1 These are highly-regulated services traditionally intended for businesses, that are

managed through Public Service Commissions (PSCs) in each state, must be fully defined

in PSC tariff documents, and have management rules dating back to the early 1980s

which still refer to teletypes as potential connection devices. As such, T-1 services have

very strict and rigid service requirements which drive up the provider's maintenance costs

and may require them to have a technician on standby 24 hours a day to repair the line if

it malfunctions. (In comparison, ISDN and DSL are not regulated by the PSCs at all.) Due

to the expensive and regulated nature of T-1 lines, they are normally installed under the

provisions of a written agreement, the contract term being typically one to three years.

However, there are usually few restrictions to an end-user's use of a T-1, uptime and

bandwidth data rates may be guaranteed, quality of service may be supported, and blocks

of static IP addresses are commonly included.

Since a T-1 was originally conceived for voice transmission, and voice T-1's are still

widely used in businesses, it can be confusing to the uninitiated subscriber. It is often best

to refer to the type of T-1 being considered, using the appropriate "data" or "voice" prefix

to differentiate between the two. A voice T-1 would terminate at a phone company's

central office (CO) for connection to the PSTN; a data T-1 terminates at a point of

presence (POP) or data center. The T-1 line which is between a customer's premises and

the POP or CO is called the local loop. The owner of the local loop need not be the owner

of the network at the POP where your T-1 connects to the Internet, and so a T-1

subscriber may have contracts with these two organizations separately. The nomenclature

for a T-1 varies widely, cited in some circles a DS-1, a T1.5, a T1, or a DS1. Some of

these try to distinguish amongst the different aspects of the line, considering the data

standard a DS-1, and the physical structure of the trunk line a T-1 or T-1.5. They are also

called leased lines, but that terminology is usually for data rates under 1.5 Mbit/s. At

times, a T-1 can be included in the term "leased line" or excluded from it. Whatever it is

called, it is inherently related to other broadband access methods, which include T-3,

SONET OC-3, and other T-carrier and Optical Carriers. Additionally, a T-1 might be

aggregated with more than one T-1, producing an nxT-1, such as 4xT-1 which has exactly

4 times the bandwidth of a T-1.

When a T-1 is installed, there are a number of choices to be made: in the carrier chosen,

the location of the demarcation point, the type of channel service unit (CSU) or data
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service unit (DSU) used, the WAN IP router used, the types of bandwidths chosen, etc.

Specialized WAN routers are used with T-1 lines that route Internet or VPN data onto the

T-1 line from the subscriber's packet-based (TCP/IP) network using customer premises

equipment (CPE). The CPE typical consists of a CSU/DSU that converts the DS-1 data

stream of the T-1 to a TCP/IP packet data stream for use in the customer's Ethernet LAN.

It is noteworthy that many T-1 providers optionally maintain and/or sell the CPE as part

of the service contract, which can affect the demarcation point and the ownership of the

router, CSU, or DSU. Although a T-1 has a maximum of 1.544 Mbit/s, a fractional T-1

might be offered which only uses an integer multiple of 128 kbit/s for bandwidth. In this

manner, a customer might only purchase 1/12th or 1/3 of a T-1, which would be 128

kbit/s and 512 kbit/s, respectively. T-1 and fractional T-1 data lines are symmetric,

meaning that their upload and download data rates are the same.

3. Wired Ethernet

Where available, this method of broadband connection to the Internet would indicate that

the Internet access is very fast. However, just because Ethernet is offered doesn't mean

that the full 10, 100, or 1000 Mbit/s connection is able to be utilized for direct Internet

access. In a college dormitory for example, the 100 Mbit/s Ethernet access might be fully

available to on-campus networks, but Internet access bandwidths might be closer to 4xT-

1 data rate (6 Mbit/s). If you are sharing a broadband connection with others in a building,

the access bandwidth of the leased line into the building would of course govern the end-

user's data rate. However, in certain locations, true Ethernet broadband access might be

available. This would most commonly be the case at a POP or a data center, and not at a

typical residence or business. When Ethernet Internet access is offered, it could be fiber-

optic or copper twisted pair, and the bandwidth will conform to standard Ethernet data

rates of up to 10 Gbit/s. The primary advantage is that no special hardware is needed for

Ethernet. Ethernet also has a very low latency.

4. Rural broadband

One of the great challenges of broadband is to provide service to potential customers in

areas of low population density, such as to farmers, ranchers, and small towns. In cities

where the population density is high, it is easy for a service provider to recover equipment

costs, but each rural customer may require expensive equipment to get connected. Several
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rural broadband solutions exist, though each has its own pitfalls and limitations. Some

choices are better than others, but are dependent on how proactive the local phone

company is about upgrading their rural technology. Wireless Internet Service Provider

(WISPs) are rapidly becoming a popular broadband option for rural areas.

5. Satellite Internet

This employs a satellite in geostationary orbit to relay data from the satellite company to

each customer. Satellite Internet is usually among the most expensive ways of gaining

broadband Internet access, but in rural areas it may only compete with cellular broadband.

However, costs have been coming down in recent years to the point that it is becoming

more competitive with other broadband options. German ISP, Filiago, offers the

ASTRA2Connect satellite Internet system for 320 (equipment) plus 100 (registration) and

a flat rate monthly fee dependent on bandwidth - from 20 for 256Kbit/s download,

64Kbits/s upload, to 80 for 2048Kbit/s download, 128Kbits/s upload. Satellite Internet

also has a high latency problem caused by the signal having to travel 35,000 km (22,000

miles) out into space to the satellite and back to Earth again. The signal delay can be as

much as 500 milliseconds to 900 milliseconds, which makes this service unsuitable for

applications requiring real-time user input such as certain multiplayer Internet games and

first-person shooters played over the connection. Despite this, it is still possible for many

games to be played, but the scope is limited to real-time strategy or turn-based games.

The functionality of live interactive access to a distant computer can also be subject to the

problems caused by high latency. These problems are more than tolerable for just basic

email access and web browsing and in most cases are barely noticeable.

There is no simple way to get around this problem. The delay is primarily due to the

speed of light being 300,000 km/second (186,000 miles per second). Even if all other

signaling delays could be eliminated it still takes the electromagnetic wave 233

milliseconds to travel from ground to the satellite and back to the ground, a total of

70,000 km (44,000 miles) to travel from the user to the satellite company. Since the

satellite is usually being used for two-way communications, the total distance increases to

140,000 km (88,000 miles), which takes a radio wave 466 ms to travel. Factoring in

normal delays from other network sources gives a typical connection latency of 500-700

ms. This is far worse latency than even most dial-up modem users' experience, at

typically only 150-200 ms total latency. Most satellite Internet providers also have a FAP
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(Fair Access Policy). Perhaps one of the largest disadvantages of satellite Internet, these

FAPs usually throttle a user's throughput to dial-up data rates after a certain "invisible

wall" is hit (usually around 200 MB a day). This FAP usually lasts for 24 hours after the

wall is hit, and a user's throughput is restored to whatever tier they paid for. This makes

bandwidth-intensive activities nearly impossible to complete in a reasonable amount of

time (examples include P2P and newsgroup binary downloading). The European

ASTRA2Connect system has a FAP based on a monthly limit of 2Gbyte of data

downloaded, with download data rates reduced for the remainder of the month if the limit

is exceeded.

6. Multichannel Multipoint DistributionService

Multichannel Multipoint Distribution Service, also known as MMDS or Wireless Cable,

is a wireless telecommunications technology, used for general-purpose broadband

networking or, more commonly, as an alternative method of cable television

programming reception. MMDS is used in Canada, Mexico,Dominican Republic, Iceland,

Ireland,Russia, Slovenia, Brazil,Barbados, Australia, Nigeria,Pakistan, Sri Lanka,

Thailand,Uruguay, India, Belarusand Cambodia. It is most commonly used in sparsely

populated rural areas, where laying cables is not economically viable, although some

companies may also offer MMDS services in urban areas. The MMDS band uses

microwave frequencies from 2 GHz to 3 GHz in range. Reception of MMDS-delivered

television signals is done with a special rooftop microwave antenna and a set-top box for

the television receiving the signals. The antenna usually has an integrated down-converter

to transmit the signals at frequencies compatible with terrestrial TV tuners down on the

coax (much like on satellite dishes where the signals are converted down to frequencies

more compatible with standard TV coaxial cabling), some larger antennas utilise an

external down-converter. The receiver box is very similar in appearance to an analogue

cable television receiver box. The MMDS band is separated into eleven "channels" which

are auctioned off like other bands. The idea was that entities could own several channels

and multiplex several television and radio channels onto each channel using digital

technology. Each "channel" was capable of 10 Mbit/s, exclusive of any forward error

correction technology that is required for this type of technology.
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7. Local Multipoint DistributionService

LMDS is a broadband wireless access technology governed by the IEEE and is outlined

by the 802 LAN/MAN Standards Committee through the efforts of the IEEE 802.16.1

Task Group. The technology is also named as "WiBAS" (Wireless Broadband Access

System) LMDS commonly operates on microwave frequencies across the 26 GHz and 29

GHz bands. In the United States, frequencies from 31.0 through 31.3 GHz are also

considered LMDS frequencies. LMDS was conceived as a broadband, fixed wireless,

point-to-multipoint technology for utilization in the last mile. Throughput capacity and

reliable distance of the link depends on common radio link constraints and the modulation

method used - either phase-shift keying or amplitude modulation. In general deployment

links of up to 5 miles (8 km) from the base station are possible, but distance is typically

limited to about 1.5 miles (2.4 km) due to rain fading attenuation constraints. Some point-

to-point systems also use the LMDS frequencies and can reach slightly farther distances

due to increased antenna gain.

8. Cellular broadband

Cellular phone towers are very widespread, and as cellular networks move to third

generation (3G) networks they can support fast data; using technologies such as EVDO,

HSDPA and UMTS. These can give broadband access to the Internet, with a cell phone,

with Cardbus, ExpressCard, or USB cellular modems, or with cellular broadband routers,

which allow more than one computer to be connected to the Internet using one cellular

connection.

9. Power-line Internet

This is a new service still in its infancy that may eventually permit broadband Internet

data to travel down standard high-voltage power lines. However, the system has a number

of complex issues, the primary one being that power lines are inherently a very noisy

environment. Every time a device turns on or off, it introduces a pop or click into the line.

Energy-saving devices often introduce noisy harmonics into the line. The system must be

designed to deal with these natural signaling disruptions and work around them.

Broadband over power lines (BPL), also known as Power line communication, has

developed faster in Europe than in the USdue to a historical difference in power system
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design philosophies. Nearly all large power grids transmit power at high voltages in order

to reduce transmission losses, then near the customer use step-down transformers to

reduce the voltage. Since BPL signals cannot readily pass through transformers, repeaters

must be attached to the transformers. In the US, it is common for a small transformer

hung from a utility pole to service a single house. In Europe, it is more common for a

somewhat larger transformer to service 10 or 100 houses. For delivering power to

customers, this difference in design makes little difference, but it means delivering BPL

over the power grid of a typical US city will require an order of magnitude more repeaters

than would be required in a comparable European city. The second major issue is signal

strength and operating frequency. The system is expected to use frequencies in the 10 to

30 MHz range, which has been used for decades by licensed amateur radio operators, as

well as international shortwave broadcasters and a variety of communications systems

(military, aeronautical, etc.). Power lines are unshielded and will act as transmitters for

the signals they carry, and have the potential to completely wipe out the usefulness of the

10 to 30 MHz range for shortwave communications purposes.

10. Wireless ISP

This typically employs the current low-cost 802.11 Wi-Fi radio systems to link up remote

locations over great distances, but can use other higher-power radio communications

systems as well. Traditional 802.11b was licensed for omnidirectional service spanning

only 100-150 meters (300-500 ft). By focusing the signal down to a narrow beam with a

Yagi antenna it can instead operate reliably over a distance of many miles. Rural

Wireless-ISP installations are typically not commercial in nature and are instead a

patchwork of systems built up by hobbyists mounting antennas on radio masts and

towers, agricultural storage silos, very tall trees, or whatever other tall objects are

available. There are currently a number of companies that provide this service. A wireless

Internet access provider map for USA is publicly available for WISPS.

11. iBlast

iBlast was the brand name for a theoretical bandwidth (7 Mbit/s), one-way digital data

transmission technology from a Digital TV station to users that was developed between

June 2000 to October 2005. In the end, the disadvantages outweighed the advantages and

the glut of fiberoptic capacity that ensued following the collapse of the Internet bubble
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drove the cost of transmission so low that an ancillary service such as this was

unnecessary, and the company folded at the end of 2005. The partner television stations

as well as over 500 additional television stations not part of the iBlast Network continue

to transmit separate digital signals as mandated by the Telecommunications Act of 1996.

In Section 5 of this course you will cover these topics:
Rfidradio Frequency Identification

Wireless Communications In Business

Topic : Rfidradio Frequency Identification

Topic Objective:

By the end of the topic the students will be able to:

 Understand Radio-frequency identification

 Know about Cellular Telephone

 Learn about Media

 Explain Power supply

 Define SIM card

 Evaluate Digital Cellular Telephony

Definition/Overview:

This topic defines Radio Frequency Identification (RFID). Students will learn the need for

RFID and how RFID works. Next, students will review the components of an RFID system.

Finally, This topic1 outlines the challenges of RFID. Radio-frequency identification (RFID)

is an automatic identification method, relying on storing and remotely retrieving data using

devices called RFID tags or transponders. The technology requires some extent of

cooperation of an RFID reader and an RFID tag. An RFID tag is an object that can be applied

to or incorporated into a product, animal, or person for the purpose of identification and
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tracking using radio waves. Some tags can be read from several meters away and beyond the

line of sight of the reader.

Key Points:

1. Radio-frequency identification

Most RFID tags contain at least two parts. One is an integrated circuit for storing and

processing information, modulating and demodulating a radio-frequency (RF) signal, and

other specialized functions. The second is an antenna for receiving and transmitting the

signal. There are generally two types of RFID tags: active RFID tags, which contain a

battery, and passive RFID tags, which have no battery. Today, RFID is used in enterprise

supply chain management to improve the efficiency of inventory tracking and

management. In 1946 Lon Theremin invented an espionage tool for the Soviet Union

which retransmitted incident radio waves with audio information. Sound waves vibrated a

diaphragm which slightly altered the shape of the resonator, which modulated the

reflected radio frequency. Even though this device was a passive covert listening device,

not an identification tag, it has been attributed as a predecessor to RFID technology. The

technology used in RFID has been around since the early 1920s according to one source

(although the same source states that RFID systems have been around just since the late

1960s). Similar technology, such as the IFF transponder invented in the United

Kingdomin 1939, was routinely used by the allies in World War II to identify aircraft as

friend or foe. Transponders are still used by most powered aircraft to this day.

Another early work exploring RFID is the landmark 1948 paper by Harry Stockman,

titled "Communication by Means of Reflected Power" (Proceedings of the IRE, pp

11961204, October 1948). Stockman predicted that "considerable research and

development work has to be done before the remaining basic problems in reflected-power

communication are solved, and before the field of useful applications is explored." Mario

Cardullo's U.S. Patent 3,713,148 in 1973 was the first true ancestor of modern RFID; a

passive radio transponder with memory. The initial device was passive, powered by the

interrogating signal, and was demonstrated in 1971 to the New York Port Authority and

other potential users and consisted of a transponder with 16 bit memory for use as a toll

device. The basic Cardullo patent covers the use of RF, sound and light as transmission

media. The original business plan presented to investors in 1969 showed uses in
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transportation (automotive vehicle identification, automatic toll system, electronic license

plate, electronic manifest, vehicle routing, vehicle performance monitoring), banking

(electronic check book, electronic credit card), security (personnel identification,

automatic gates, surveillance) and medical (identification, patient history).

A very early demonstration of reflected power (modulated backscatter) RFID tags, both

passive and semi-passive, was performed by Steven Depp, Alfred Koelle and Robert

Freyman at the Los Alamos National Laboratory in 1973. The portable system operated at

915 MHz and used 12-bit tags. This technique is used by the majority of today's UHFID

and microwave RFID tags.

2. Cellular Telephone

A mobile phone (also known as a handphone, wireless phone, cell phone, cellular phone,

cellular telephone or cell telephone) is a long-range, electronic device used for mobile

voice or data communication over a network of specialized base stations known as cell

sites. In addition to the standard voice function of a mobile phone, telephone, current

mobile phones may support many additional services, and accessories, such as SMS for

text messaging, email, packet switching for access to the Internet, gaming, Bluetooth,

infrared, camera with video recorder and MMS for sending and receiving photos and

video, MP3 player, radio and GPS. Most current mobile phones connect to a cellular

network of base stations (cell sites), which is in turn interconnected to the public switched

telephone network (PSTN) (the exception is satellite phones). The most commonly used

data application on mobile phones is SMS text messaging, with 74% of all mobile phone

users as active users (over 2.4 billion out of 3.3 billion total subscribers at the end of

2007). SMS text messaging was worth over 100 billion dollars in annual revenues in 2007

and the worldwide average of messaging use is 2.6 SMS sent per day per person across

the whole mobile phone subscriber base. The first SMS text message was sent from a

computer to a mobile phone in 1992 in the UK, while the first person-to-person SMS

from phone to phone was sent in Finlandin 1993.

The other non-SMS data services used by mobile phones were worth 31 Billion dollars in

2007, and were led by mobile music, downloadable logos and pictures, gaming,
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gambling, adult entertainment and advertising . The first downloadable mobile content

was sold to a mobile phone in Finland in 1998, when Radiolinja (now Elisa) introduced

the downloadable ringing tone service. In 1999 Japanese mobile operator NTT DoCoMo

introduced its mobile internet service, i-Mode, which today is the world's largest mobile

internet service and roughly the same size as Google in annual revenues. The first mobile

news service, delivered via SMS, was launched in Finlandin 2000. Mobile news services

are expanding with many organisations providing "on-demand" news services by SMS.

Some also provide "instant" news pushed out by SMS. Mobile telephony also facilitates

activism and public journalism being explored by Reuters and Yahoo! and small

independent news companies such as Jasmine News in Sri Lanka.

Companies like Monster are starting to offer mobile services such as job search and

career advice. Consumer applications are on the rise and include everything from

information guides on local activities and events to mobile coupons and discount offers

one can use to save money on purchases. Even tools for creating websites for mobile

phones are increasingly becoming available. Mobile payments were first trialled in

Finlandin 1998 when two Coca-Cola vending machines in Espoo were enabled to work

with SMS payments. Eventually the idea spread and in 1999 the Philippines launched the

first commercial mobile payments systems, on the mobile operators Globe and Smart.

Today mobile payments ranging from mobile banking to mobile credit cards to mobile

commerce are very widely used in Asia and Africa, and in selected European markets.

For example in the Philippines it is not unusual to have one's entire paycheck paid to the

mobile account. In Kenya the limit of money transfers from one mobile banking account

to another is one million US dollars. In India paying utility bills with mobile gains a 5%

discount. In Estoniathe government found criminals collecting cash parking fees, so the

government declared that only mobile payments via SMS were valid for parking and

today all parking fees in Estoniaare handled via mobile and the crime involved in the

activity has vanished. Mobile Applications are developed using the Six M's (previously

Five M's) service-development theory created by the author Tomi Ahonen with Joe

Barrett of Nokia and Paul Golding of Motorola. The Six M's are Movement (location),

Moment (time), Me (personalization), Multi-user (community), Money (payments) and

Machines (automation). The Six M's / Five M's theory is widely referenced in the

telecoms applications literature and used by most major industry players. The first book

to discuss the theory was Services for UMTS by Ahonen& Barrett in 2002.
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The iPhone has revolutionized applications for mobile phones, allowing a vast array of

applications that perform hundreds of different tasks to be easily downloaded and

installed through the App Store, a native application on the iPhone, iPhone 3G and iPod

touch. Using a WiFi, EDGE or 3G connection, users can purchase applications (some are

free) from the App Store and download them directly to the phone. Apps can also be

downloaded from the iTunes Store and synced with the iPhone/iPod once the device is

synced with iTunes. The App Store was developed by Apple to interface with the AT&T

cellular network. T-Mobile is also developing their own version of the App Store, most

likely to interface with their newest smart phone, the T-Mobile G1, the first phone built

running the new Google Android cellular firmware, which was likely built as a

competitor for the iPhone.

3. Media

The mobile phone became a mass media channel in 1998 when the first ringing tones

were sold to mobile phones by Radiolinja in Finland. Soon other media content appeared

such as news, videogames, jokes, horoscopes, TV content and advertising. In 2006 the

total value of mobile phone paid media content exceeded internet paid media content and

was worth 31 Billion dollars. The value of music on phones was worth 9.3 Billion dollars

in 2007 and gaming was worth over 5 billion dollars in 2007. The mobile phone is often

called the Fourth Screen (if counting cinema, TV and PC screens as the first three) or

Third Screen (counting only TV and PC screens). It is also called the Seventh of the Mass

Media (with Print, Recordings, Cinema, Radio, TV and Internet the first six). Most early

content for mobile tended to be copies of legacy media, such as the banner advertisement

or the TV news highlight video clip. Recently unique content for mobile has been

emerging, from the ringing tones and ringback tones in music to "mobisodes," video

content that has been produced exclusively for mobile phones. The advent of media on

the mobile phone has also produced the opportunity to identify and track Alpha Users or

Hubs, the most influential members of any social community. AMF Ventures measured in

2007 the relative accuracy of three mass media, and found that audience measures on

mobile were nine times more accurate than on the internet and 90 times more accurate

than on TV.
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4. Power supply

Mobile phones generally obtain power from batteries, which can be recharged from a

USB port, from portable batteries, from mains power or a cigarette lighter socket in a car

using an adapter (often called battery charger or wall wart) or from a solar panel or a

dynamo (that can also use a USB port to plug the phone). Formerly, the most common

form of mobile phone batteries were nickel metal-hydride, as they have a low size and

weight. Lithium-Ion batteries are sometimes used, as they are lighter and do not have the

voltage depression that nickel metal-hydride batteries do. Many mobile phone

manufacturers have now switched to using lithium-Polymer batteries as opposed to the

older Lithium-Ion, the main advantages of this being even lower weight and the

possibility to make the battery a shape other than strict cuboid. Mobile phone

manufacturers have been experimenting with alternative power sources, including solar

cells.

5. SIM card

In addition to the battery, GSM cellphones require a small microchip, called a Subscriber

Identity Module or SIM Card, to function. Approximately the size of a small postage

stamp, the SIM Card is usually placed underneath the battery in the rear of the unit, and

(when properly activated) stores the phone's configuration data, and information about the

phone itself, such as which calling plan the subscriber is using. When the subscriber

removes the SIM Card, it can be re-inserted into another phone and used as normal. Each

SIM Card is activated by use of a unique numerical identifier; once activated, the

identifier is locked down and the card is permanently locked in to the activating network.

For this reason, most retailers refuse to accept the return of an activated SIM Card. Those

cell phones that do not use a SIM Card have the data programmed in to their memory.

This data is accessed by using a special digit sequence to access the "NAM" as in "Name"

or number programming menu. From here, one can add information such as a new

number for your phone, new Service Provider numbers, new emergency numbers, change

their Authentication Key or A-Key code, and update their Preferred Roaming List or

PRL. However, to prevent someone from accidentally disabling their phone or removing

it from the network, the Service Provider puts a lock on this data called a Master

Subsidiary Lock or MSL.
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The MSL also ensures that the Service Provider gets payment for the phone that was

purchased or "leased". For example, the Motorola RAZR V9C costs upwards of CAD

$500. You can get one for approximately $200, depending on the carrier. The difference

is paid by the customer in the form of a monthly bill. If the carrier did not use a MSL,

then they may lose the $300$400 difference that is paid in the monthly bill, since some

customers would cancel their service and take the phone to another carrier. The MSL

applies to the SIM only so once the contract has been completed the MSL still applies to

the SIM. The phone however, is also initially locked by the manufacturer into the Service

Providers MSL. This lock may be disabled so that the phone can use other Service

Providers SIM cards. Most phones purchased outside the US are unlocked phones

because there are numerous Service Providers in close proximity to one another or have

overlapping coverage. The cost to unlock a phone varies but is usually very cheap and is

sometimes provided by independant phone vendors. Having an unlocked phone is

extremely useful for travelers due to the high cost of using the MSL Service Providers

access when outside the normal coverage areas. It can cost sometimes up to 10 times as

much to use a locked phone overseas as in the normal service area, even with discounted

rates.

For example, in Jamaica, an AT&T subscriber might pay in excess of US$1.65 per

minute for discounted international service while a B-Mobile (Jamaican) customer would

pay US$0.20 per minute for the same international service. Some Service Providers focus

sales on international sales while others focus on regional sales. For example, the same B-

Mobile customer might pay more for local calls but less for international calls than a

subscriber to the Jamaican national phone C&W (Cable & Wireless) company. These rate

differences are mainly due to currency variations because SIM purchases are made in the

local currency. In the US, this type of service competition does not exist because some of

the major Service Providers do not offer Pay-As-You-Go services. [Needs Pay-As-You-

Go references, rumored T-Mobile,Verizon provide one, AT&T does not as of 12/2008]

6. Digital Cellular Telephony

A cellular network is a radio network made up of a number of radio cells (or just cells)

each served by a fixed transmitter, known as a cell site or base station. These cells are

used to cover different areas in order to provide radio coverage over a wider area than the

area of one cell. Cellular networks are inherently asymmetric with a set of fixed main
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transceivers each serving a cell and a set of distributed (generally, but not always, mobile)

transceivers which provide services to the network's users.

Cellular networks offer a number of advantages over alternative solutions:

 increased capacity

 reduced power usage

 better coverage

A good (and simple) example of a cellular system is an old taxi driver's radio system

where the taxi company will have several transmitters based around a city each operated

by an individual operator. The primary requirement for a network to succeed as a cellular

network is for it to have developed a standardised method for each distributed station to

distinguish the signal emanating from its own transmitter from the signals received from

other transmitters. Presently, there are two standardised solutions to this issue, frequency

division multiple access (FDMA) and code division multiple access (CDMA). FDMA

works by using varying frequencies for each neighbouring cell. By tuning to the

frequency of a chosen cell the distributed stations can avoid the signal from other cells.

The principle of CDMA is more complex, but achieves the same result; the distributed

transceivers can select one cell and listen to it. Other available methods of multiplexing

such as polarization division multiple access (PDMA) and time division multiple access

(TDMA) cannot be used to separate signals from one cell to the next since the effects of

both vary with position and this would make signal separation practically impossible.

Time division multiple access, however, is used in combination with either FDMA or

CDMA in a number of systems to give multiple channels within the coveragearea of a

single cell. In the case of the aforementioned taxi company, each radio has a knob. The

knob acts as a channel selector and allows the radio to tune to different frequencies. As

the drivers move around, they change from channel to channel. The drivers know which

frequency covers approximately what area. When they don't get a signal from the

transmitter, they also try other channels until they find one which works. The taxi drivers

only speak one at a time, as invited by the operator (in a sense TDMA).
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Topic : Wireless Communications In Business

Topic Objective:

By the end of the topic the students will be able to:

 Understand Advancement of Wireless communication

 Highlight Early wireless work

 Explain The electromagnetic spectrum

 Evaluate Applications of wireless technology

 Define WiFi

Definition/Overview:

This topic explains the use of wireless communications in business. Students will learn the

advantages of wireless communications for businesses. Next, students will discuss the

challenges of wireless communications. Finally, this topic explains the steps needed to build

a wireless infrastructure. Wireless communication is the transfer of information over a

distance without the use of electrical conductors or "wires". The distances involved may be

short (a few meters as in television remote control) or long (thousands or millions of

kilometers for radio communications). When the context is clear, the term is often shortened

to "wireless". Wireless communication is generally considered to be a branch of

telecommunications.

Key Points:

1. Advancement of Wireless communication

The term "wireless" has become a generic and all-encompassing word used to describe

communications in which electromagnetic waves or RF (rather than some form of wire)

carry a signal over part or the entire communication path. Common examples of wireless

equipment in use today include:

 Professional LMR (Land Mobile Radio) and SMR (Specialized Mobile Radio) typically used

by business, industrial and Public Safety entities
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 Consumer Two Way Radio including FRS (Family Radio Service), GMRS (General Mobile

Radio Service) and Citizens band ("CB") radios

 The Amateur Radio Service (Ham radio)

 Consumer and professional Marine VHF radios

 Cellular telephones and pagers: provide connectivity for portable and mobile applications,

both personal and business.

 Global Positioning System (GPS): allows drivers of cars and trucks, captains of boats and

ships, and pilots of aircraft to ascertain their location anywhere on earth.

 Cordless computer peripherals: the cordless mouse is a common example; keyboards and

printers can also be linked to a computer via wireless.

 Cordless telephone sets: these are limited-range devices, not to be confused with cell phones.

 Satellite television: allows viewers in almost any location to select from hundreds of

channels.

 Wireless gaming: new gaming consoles allow players to interact and play in the same game

regardless of whether they are playing on different consoles. Players can chat, send text

messages as well as record sound and send it to their friends. Controllers also use wireless

technology. They do not have any cords but they can send the information from what is being

pressed on the controller to the main console which then processes this information and

makes it happen in the game. All of these steps are completed in milliseconds.

Wireless networking (i.e. the various types of unlicensed 2.4 GHz WiFi devices) is used

to meet many needs. Perhaps the most common use is to connect laptop users who travel

from location to location. Another common use is for mobile networks that connect via

satellite. A wireless transmission method is a logical choice to network a LAN segment

that must frequently change locations. The following situations justify the use of wireless

technology:

 To span a distance beyond the capabilities of typical cabling,

 To avoid obstacles such as physical structures, EMI, or RFI,

 To provide a backup communications link in case of normal network failure,

 To link portable or temporary workstations,

 To overcome situations where normal cabling is difficult or financially impractical, or

 To remotely connect mobile users or networks.
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Applications may involve point-to-point communication, point-to-multipoint

communication, broadcasting, cellular networks and other wireless networks. The term

"wireless" should not be confused with the term "cordless", which is generally used to

refer to powered electrical or electronic devices that are able to operate from a portable

power source (e.g. a battery pack) without any cable or cord to limit the mobility of the

cordless device through a connection to the mains power supply. Some cordless devices,

such as cordless telephones, are also wireless in the sense that information is transferred

from the cordless telephone to the telephone's base unit via some type of wireless

communications link. This has caused some disparity in the usage of the term "cordless",

for example in Digital Enhanced Cordless Telecommunications. In the last fifty years,

wireless communications industry experienced drastic changes driven by many

technology innovations.

2. Early wireless work

David E. Hughes, eight years before Hertz's experiments, induced electromagnetic waves

in a signaling system. Hughes transmitted Morse code by an induction apparatus. In 1878,

Hughes's induction transmission method utilized a "clockwork transmitter" to transmit

signals. In 1885, T. A. Edison used a vibrator magnet for induction transmission. In 1888,

Edison deploys a system of signaling on the Lehigh Valley Railroad. In 1891, Edison

attains the wireless patent for this method using inductance. In the history of wireless

technology, the demonstration of the theory of electromagnetic waves by Heinrich Rudolf

Hertz in 1888 was important. The theory of electromagnetic waves were predicted from

the research of James Clerk Maxwell and Michael Faraday. Hertz demonstrated that

electromagnetic waves could be transmitted and caused to travel through space at straight

lines and that they were able to be received by an experimental apparatus. The

experiments were not followed up by Hertz. The practical applications of the wireless

communication and remote control technology were implemented by Nikola Tesla.

3. The electromagnetic spectrum

Light, colours, AM and FM radio, and electronic devices make use of the electromagnetic

spectrum. In the US the frequencies that are available for use for communication are

treated as a public resource and are regulated by the Federal Communications

Commission. This determines which frequency ranges can be used for what purpose and
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by whom. In the absence of such control or alternative arrangements such as a privatized

electromagnetic spectrum, chaos might result if, for example, airlines didn't have specific

frequencies to work under and an amateur radio operator was interfering with the pilot's

ability to land an airplane. Wireless communication spans the spectrum from 9 kHz to

300 GHz. (Also see Spectrum management)

4. Applications of wireless technology

4.1 Security systems

Wireless technology may supplement or replace hard wired implementations in

security systems for homes or office buildings.

4.2 Television remote control

Modern televisions use wireless (generally infrared) remote control units. Now radio

waves are also used.

4.3 Cellular telephony (phones and modems)

Perhaps the best known example of wireless technology is the cellular telephone and

modems. These instruments use radio waves to enable the operator to make phone

calls from many locations world-wide. They can be used anywhere that there is a

cellular telephone site to house the equipment that is required to transmit and receive

the signal that is used to transfer both voice and data to and from these instruments.

5. WiFi

5.1 Wireless energy transfer

Wireless energy transfer is a process whereby electrical energy is transmitted from a

power source to an electrical load that does not have a built-in power source, without the

use of interconnecting wires.
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