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- Total Theory & Tutorial: 60P Total Marks: 100
o Theory: 70

TA AGTE . b

- A RATIONALE:

The Communication has a wide long history, of application in different technology. This
subject deals with different advanced techniques of Communication Engineering. The Microwave
Engineering, Radar and Navigation aids an example of Communication system. The Satellita, 1
Mobile and Optical Fiber Communication has today permeated almost every field of moder
society. This has been incorporated in this subject. o

B: OBJECTIVS: 4

At the end of the course the students should be able to :

Discuss the principles of RADAR system & types

State the various uses of radar in field of navigation system and aircraft Landing system.
Define & Describe Satellite Orbital patterns and categories(LEO,MEO& GEQ)
Describe Geostationary satellite, satellite earth station & Link Station.

Explain the operation of direct broadcast system (DBS) & VSAT system,

Compare the advantage and disadvantage of optical fiber metallic cables

Describe how light wave propagate to optical fiber& .Know source & detector *
Define the modes of propagation and index profile of optical fiber

Discuss the operation of Basic Telephone System & Electronic Telephone System.
Describe the operation of a PBX.
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C: COURSE CONTENTS&DISTRIBUTION OF PERIODS :

i 4

-
3

RADAR & NAVIGATION AIDS.
1.1 State and explain the simple Radar system & its classification
1.2 Derive Radar range equation, types of radar and their application.
1.3 Expiain the Performance factor of radar. _ ¥ _,<
T DEsUHoe the Ltk ulc;lgl difr Of puiseu ragar aFsiern. e
1.5 State the function of radar indication and mejing target indicator.
1.6 Define Doppler effect&Describe the block diayjram of C.W radar.
1.7 Explain the radar aids to navigator.
1.8 Explain aircraft landing system.
1.9 Explain the concept of Navigation Satellite Sy qrem (NAVSAT) & GPS System
1.8 Simple radar problems.
SATELLITE COMMUNICATION. . 15
2.1 Define & Describe Satellite Orbital patterns agd elevatton(LEO MEO & GEO) categories
2.2 Describe the Concept of Geostationary Satéllite , calculate its height, velocity & round trip time
delay & their advantage & disadvantage overather system
2.3 State Satellite frequency allocation and frequancy bands.
2.4 Describe General structure of satellite Link svstem (Uplink, Down link, Transponder, Crosslink)
2.5 Explain the operation of direct broadcast systam (DBS)
2.6 Explain the operation of VSAT system.
2.7 Define multiple accessing & name various tyLes.
2.8 Discuss the Time Division Multiple Accessing/ TDMA} & Code Division Multinle Accessine Y
(CDMA) & its advantages & dis-advantages. :‘.
1.9 Describe Satellite Application- Communication .Satellite, Digital Satellite Radio. g
1.10 Explain GPS Receiver & Transmitter. f
2 OPTICAL FIBER COMMUNICATION. 20
“~" 3.1 Define optical communication.
3.2 Compare the advantage and disadvantag: of optical fiber metallic cables
3.3 Define Electromagnetic Frequency and wi ve line spectrum .
3.4 Need and advantages of optical fibers ¢ }ormmpies of light transmission in a fiber using RRay f,'
Theory § *

3.5 Describe the optical fiber construction _)/@\cb%\g
b ‘/\»‘\Q% ¥
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3.6 Explain the following terms: Veltfcity of propagation, Critical angle, Accepiance angley

&numericalaperture
3.7 Discuss the block diagram of an opt‘\cai fiber communication system
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1 9 Describe the three types optical fiber conﬂgurat"sdhf’Singlelm" %%ﬁtﬁgpmd?x%u Fiode step
index, Multi-mode Graded index
110 Attenuation in optical fibers — Absorption losses, scattering, losses, bending losses, COre
and cladding losses- Dispersion — material Dispersion, waveguide dispersion, Intermodatl
dispersion : {
3,11 Optical sources — LED- semiconductor
112 Define LASER ,its working Principles Block diagram using laser feedback control circuit
313 Explain Optical detectors — PiN and APD diodes &Block diagram using APD
, Connectors and splices —Optical cables - Couplers '
314  Applications of optical fibers - civil, Industry and Military application
3.15  Explain concept of Wave Length Division Multiplexing (WLDM) principles.
4. TELECOMMUNICATION SYSTEM 10
- | 4.1 Discuss the operation of Electronic Telephone System. (Telephone Set)
! - 4 2 Discuss the function of switching system.& Call procedures
| 4 3 Discuss the principle of space and time switching.
' ek Discuss the numbering plan of telephone networks (National Schemes & International Numbering.
4.7 Define units of Power M asurement.s B
4.8 Describe the operation of Internet Pratocol Telephone.
4 9 Describe the principal of Internet Telephone

A. TEXT BOOKS:
! 1. Opticai Fiber vomii. Principles and practice John M.Senior.
2. Microwave Engineering- M. Ku!k'ﬁmi — UMESH Pub

3. Telecommunication and the corﬂputer — James Martine

‘_ RECOMMENDED BOOKS:
\
i

4. Advance Electronics Communication System-Wayne Tomasi

.- l A. REFERENCE BOOKS:
sf__:- t 1 Electronic communication system — G.Kennedy.
( i 2. Principle of Electronics Telecommunication system — CoulsE frenzel.
5 ? 3 Satellite Comm.- RebortM.Gagriardi
i \
s- \ 4. Optical Fiber Communication Essentials by Greb Keiser-TMH
: g \ 5. Rader& Mi(_:rowave engineering- M.Kulkani
33., ‘ 1 6. Optical Fibre communication system by SK Sarkar-Schand
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2.9 Satellite Application- Communication Satellite, Digital Satellite Radio.

Communication Satellite

It 15 difficult to go through a day without using a communications satellite at least once. Do you know
when you used a communications satellite today? Did you watch T.V.? Did you make a long distance
phone call, use a cellular phone, a fax machine, a pager, or even lListen to the radio? Well, if you did, you
probably used a communications satellite, either directly or indirectly.

Communications satellites allow radio, television, and telephone transmissions to be sent live anywhere in
the world. Before satellites, transmissions were difficult or impossible at long distances.

The signals, which travel in straight lines, could not bend around the round Earth to reach a destination far
away. Because satellites are in orbit, the signals can be sent instantaneously into space and then redirected
to another satellite or directly to their destination.

The satellite can have a passive role in communications hike bouncing signals from the Earth back to
another location on the Earth; on the other hand, some satellites camry electronic devices called
Transponders for receiving, amplifying, and re-broadcasting signals to the Earth.

page 40
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Communications satellites are often in geostationary orbit. At the high orbital altitude of 35800
kilometers, a geostationary satellite orbits the Earth in the same amount of ime it takes the Earth to

revolve once,

From Earth, therefore, the satellite appears to be stationary, always above the same area of the Earth. The
area to which it can transmit is called a satellite’s footprint. For example, many Canadian communications
satellites have a footprint which covers most of Canada.

Communications satellties can also be in highly elliptical orbits. This type of orbit 1s roughly egg-shaped,
with the Earth near the top of the egg. In a highly elliptical orbit, the satellite’s velocity changes depending
on where it 15 in its orbital path

When the satellite is in the part of its orbit that's close to the Earth, it moves faster because the Earth's
gravitational pull is stronger. This means that a communications satellite can be over the region of the
Earth that it is communicating with for the long part of its orbit. It will only be out of contact with that
region when it quickly zips close by the Earth.

Digital Satellite Radio.

Satellite radio 15 just what its name suggests: a radio service that uses satellites circling Earth to broadcast
its programming. In 1992 the Federal Communications Commission (FCC) allocated a satellite spectrum
(the "S" band, 2.3 GHz) for the broadcasting of satellite-based digital audio radio service (DARS).

It eventually granted two licenses, one to Sirus Satellite Radio (formerly CD Radio) and one to XM
Satellite Radio (formerly American Mobile Radio Corporation). The world's biggest satellite radio
provider, | worldspace, is available in Europe and several other countries but not in the United States.
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As the satellites orbit the earth, programs are beamed to them from broadcast stations. The satellites then
transmit the signal to special antennas on homes, cars and portable radios. Terrestrial repeaters throughout
the country also receive the signal and help ensure that it's transmitted to receivers, especially in areas
with tall buildings that might block the signal

There are two big pluses for satellite radio listeners. First, every channel, whether it's on XM or Sinus, is
largely commercial-free, which should appeal 1o radio listeners tired of having advertisements screamed
into their ears while they sit in traffic

Most music channels have no advertising at all. Second, no matter where you are in the continental United
States, you get the same reception as long as the skies are relatively clear. Unlike traditional radio, which
loses reception once vou're too far away from a certain station, satellites ensure you receive a signal no
matter where you are in Amenica. A driver could trek all the way from New York City to Los Angeles and
never have to change the channel

For about 513 a month, plus the cost of equipment and a small activation fee, both Sirius and XM listeners
can receive more than 100 channels of satellite radio, including music ranging from classical 1o heavy
metal, plus news, sports, talk and entertainment. But there are some notable differences between the two
services, oo

The type of technologies used by XM and Sinus differs slightly, and the specific programmung offered by
both companies can vary, especially when it comes to news, sports and celebnities with contracts for their
own shows. On the next two pages we'll take a look at those differences.

2.10 GGPS Receiver & Transmitter

There are two range-type measurements that can be made on the GPS signals:
W Pseudo-ranges, and
wCarrier phase observations,

Both are a product of the operation of the GPS receiver (that 1s, the acquisition and mamntenance of
signal tracking), both are used for GPS navigation (position, velocity and time — PVT — determination),
and both have a role in the specialised data processing that characterises GPS surveying




Before studying these measuremenis it 1s useful to consider the overall GPS hardware tracking operation
(in a much abbreviated form!). The received satellite signal level is actually less than the background
noise level, hence correlation technigues are used to obtain the satellite signals.

A typical satellite tracking sequence begins with the receiver determining which satellites are wisible
above the horizon. Saiellite visibility is estimaied from predictions of preseni PVT, and on the stored
satellite almanac information residing within the receiver. (If no stored almanac information exists, or
only a very poor estimate of PVT 15 available, the receiver will carry out a "sky search”, attempiing to
randomly locaie and lock onto a signal

The receiver will then decode the Navigation Message and read the almanac information about all the
other satelliies in the constellation. ) A camer-tracking loop is used to track the camer frequency while a
cade-tracking loop is used to track the C/A and/or P code signals. The two tracking loops have to work
together in an ierative manner, arding each other in order to acquire and track the satellite signals.

The receiver's carmmier-tracking loop will locally generate an 1.1 camer frequency (or L2 if the receiver is
capable of tracking this frequency) which differs from the received carrier signal due to a Doppler offset
of the carrier frequency.

This Doppler offset i1s proportional to the relative velocity along the hine-of-sight to the satellite. In order
to maintain lock on the camier, the camer-iracking loop must, in effect, adjust the frequency of the
receiver-generated camer until 1t matches the mcoming carner frequency.

The amount of this offset 1s the "beat” frequency which can be processed to give a penodic camer phase
measurement. The denvative of this phase measurement 15 the "Doppler” measurement, which is used to
determine the receiver’s velocity.

What role does the code-tracking loop play in this process? In order for the camer-tracking loop
to acquire the incoming satellite signal in the first place the camier signal must be made visible above the
background noise.

This 15 generally done by the code-tracking loop using the code-correlating technique to “reconstruct”
the camer wave (see discussion below under "Camer Phase Measurements™). A by-product of code-
tracking are the pseudo-range measurements.

GPS Transmitter

Phase locked loops (PLLs) are common to many communications systems, including in WiMAX Access
Points (AP). By performing an analysis of the phase-noise coninbutions of the PLLs within a WiMAX AP
frequency chain, which s essentially the sinng of PLLs in the sysiem starting with the frequency
reference in the controller and ending with the transmitier local oscillator (LO) in the RF head, it 15
possible io betier understand the impact that each PLL has on overall sysiem performance.

Figure | provides a block diagram for a hypothetical frequency chain in a WiMAX AP, Each box in the
block diagram represenis a PLL that serves a umique purpose in the AP design. Since all the PLLs are
connected in series, the signal and noise at the output of each PLL feeds the input port of the next PLL in
the chain.
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All seven PLLs in this example contribuie to the ulumate signal and noise performance at the output of the
chain. For practical analysis purposes, the chain begins with the reference oscillator in the site controller.

This special loop 15 locked to the Global Positioning System (GPS) receiver, but the loop bandwadth is so
low that the only noise at the site controller reference PLL's output 1s the phase noise of the oven-
controlled crystal oscillator (OCX0).

To review the essentials of PLL design.1-3 a PLL is a control loop that typically locks the phase and
frequency of a tunable signal source, such as a voltage-controlled oscillator (VCO), at the output of the
loop to the frequency and phase of a presumably stable signal at the input of the loop. Figure 2 shows the
major elements of a PLL.

The frequency of the loop output (FOUT) is related to the frequency at the loop input (FIN) by

1

| Y
ouT IN R P

N = the loop frequency multiplication factor,

R = the reference oscillator divider, and

P = the output divider, which 1s optional

Y—.‘E‘.ﬁ,
‘
Sevilen
dack

recovery PLL
Transmin

RF LD
PLL

SerDer
FLL
|
-
—

1. This block disagram shows the differemt function blocks of &
WIMAX Accoess Point (AP) transmitter fregquency chain block.

Designing for a higher-than-needed frequency and then dividing the output to reach the desired frequency
15 an approach that can be used o improve noise performance

Post-loop frequency division can also be used to lower the output frequency that is sometimes needed by
the reference divider of a subsequent stage. Most, if not all, PLLs act as phase-noise filters to the input
signal (with each PLL exhibiting a unique lowpass response) and also as phase-noise generators. Some
important points to note about PLL noise theory are that:

1. Each PLL has a umque lowpass response, most ofien characterized by the closed-loop 3-dB banwidth.
2. At frequencies above the loop bandwidth, the loop atienuates the phase noise of the input signal and
also attenuates the phase noise of the phase detector and charge pump mside the loop
3. At frequencies below the loop bandwidth, the loop attenuates the phase noise of the VCO or other
voltage-controlled clement in the loop.
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4.3 The principle of space and time switching. pag e 48

Space Switching

Circuit switching uses any of the three technologies: Space-Division switches, Time-Division swilches or a
Combination of hoth.

In Space-division switching, the paths in the circuit are separated with each other spatially, e, different ongomg
connections, at a same instant of time, uses different switching paths, which are separated spatially

This was onginally developed for the analog environment, and has been carned over to the digital domam. Some of
the space switches are crossbar switches, Multi-stage switches (e.g. Omepga Switches),

A Crosshar switch 18 shown in Fig. Basic building block of the switch 15 a metallic crosspomnt or semiconductor
gate that can be enabled or disabled by a control umt




Cross bar switch

— ¥

N

]
Control

—W— X
YW

—W— WX
—W— X

1 2 3 4 5 66 7 8
Output Lines

|Figure Schematic diagram of a crossbar switch|
Limitations of crosshar switches are as follows;

» The number of cross points grows with the square of the number of attached stations.

* Costly for a large swiich.

* The falure of a cross point prevents connection between the two devices whose lines intersect at that
CT0ss point.

* The cross points are inefficiently utilized.

* Only a small fraction of cross points are engaged even if all of the attached devices are active. Some of
the above problems can be overcome with the help of multistage space division switches.

= By splitting the crossbar switch into smaller units and interconnecting them, it is possible to build
multistage switches with fewer cross points.

7 24

|Fig- A three-stage space division switch|
Figure shows a three-stage space division switch. In this case the number of crosspoints needed goes
down from 64 to 40. There is more than one path through the network o connect two endpoints, therehy
increasing reliability. Multistage switches may lead to blocking.

The problem may be tackled by increasing the number or size of the intermediate switches, which also
increases the cost. The blocking feature is illustrated in Fig. 4.1.6. As shown in Fig. 4.1.6, after setting up
connections for 1-to-3 and 2-to-4, the switch cannot establish connections for 3-t0-6 and 4-10-5
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Time Division Switching

Both voice and data can be transmitied using digital signals through the same switches. All modern circuit
switches use digital time-division multiplexing (TDM) technique for establishing and maintaining circuits.
Synchronous TDM allows multiple low-speed bit streams to share a high-speed line.

A set of mputs is sampled in a round robin manner. The samples are organized senally into slots
(channels) to form a recurring frame of slots,

During successive time slots, different 1/O pairings are enabled, allowing a number of connections 1o be
carried over the shared bus. To keep up with the input lines, the data rate on the bus must be high enough
so that the slots recur sufficiently frequently.

For 100 full-duplex lines at 19.200 Kbps, the data rate on the bus must be greater than 1,92 Mbps. The
source-destination pairs corresponding to all active connections are stored in the control memory.

Thus the slots need not specify the source and destination addresses. Schematic diagram of time division
switching is shown in Fig

Control

1—*4
o X
b
4—=]

Time-division switching uses time-division multiplexing to achieve switching, 1.e. different ongoing
connections can use same swilching path but at different interleaved time intervals,

There are two popular methods of ime-division switching namely, Time-Slot Interchange (TSI) and the
TDM bus.

TSI changes the ordering of the slots based on desired connection and it has a random-access memory o
store data and flip the time slots as shown in Fig. 4.1 8.

The operation of a TSI 1s depicted in Fig 1 As shown in the figure, wrifing can be performed in the
memory sequentially, but data is read selectively.

In TDM bus there are several input and outputs connected to a high-speed bus. During a time slot only one
particular output switch is closed, so only one connection at a particular instant of time as shown in Fig 2
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Figure 1 Operation of a TSl
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4.4 The principle of PDH and SDH modes of transmission.

The Plesiochronous Digital Hierarchy (PDH) In a PDH network you have different levels of Multiplexers.

Figure | shows three levels of multiplexing -

- 2Mbit/s to EMbit/s
- BMbit/s to 34Mbit/s
- 34Mbit's to 140Mbit's

L [

Plesiochronous Digital Hierarchy

[REAMACfCE

S0 1o carry a 2Mbit's data stream across the 140Mbit/'s trunk requires it to be multiplexed up through the
higher order multiplexers mto the 140Mbit's trunk and then to be multiplexed down through the lower

order muliiplexers.

Because Plesiochronous 1s not quite Synchronous each of the muliiplexers need a hittle bit of overhead on
their hizh speed trunks to cater for the slight differences in data rates of the streams on the low speed

ports.

Some of the data from low spead ports (that are running too fast) can be carmied in the trunk overhead, and
this can happen at all muloiplexing levels. This is kmown as Justification or Bit Stuffing.




Page -52-

PDH Multiplexing Hierarchy Figure 2 shows that there are two totally different hierarchies, one for the
US and Japan and another for the rest of the world.

PDH Multiplexing Levels

United States & Japan Evrope & Australia
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D54 1820 132264

The other thing to notice is that the different multiplexing levels are not multiples of each other. For
example CEPT2 supports 120 Calls but it requires more than 4 times the bandwidth of CEPTI to achieve
this.

This is because PDH is not exactly synchronous and each multiplexing level requires exira bandwidth to
perform Bit Stuffing So the Plesiochronous Hierarchy requires “Bit Stuffing”, at all levels, to cater for the
differences in clocks.

This makes it particularly difficult to locate a particular 2Mbit/s stream in the 140Mbit/s trunk unless you
fully de-multiplex the 140Mbit/'s siream all the way down to 2Mbit/s. Drop & Insert a 2Mbit/s stream To
drop & insert a 2Mbit's stream from a 140Mbit's trunk you need to break the 140Mbit/s trunk and insert a
couple of “34Mbit's to 140Mbit's™ multiplexers.

We can then isolate the appropriate 34Mbit/'s siream and multiplex the other 34Mbit/s streams back into
the 140Mbiv's trunk. Then you de-multiplex the 34Mbit/s siream, isolate the appropriate EMbit/s Stream
and muluplex the other 8Mbit's streams through the higher layer multiplexer, into the 140Mbit/s trunk,

The Limitations of PDH:-
_PDH is not very flexible

As previously explained, it is not easy to identify individual channels in a higher order bit stream. You
must multiplex the high rate channel down through all multiplexing levels to find a particular lower speed
channel. This requires an expensive and complex “multiplexer mountain™.

_Lack of Performance

It 15 not easy to provide good performance if you can’t monitor the performance in the first place. For
PDH there is no international standard for performance monitoring and no agreed management channels.

There are some spare overhead bits that are being used for management but they have limited bandwidth
and are hard to locate in a 140 Meg stream without de-multiplexing,
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_Lack of standards

Mot only does PDH have two totally different multiplexing hierarchies but it 1s quite weak on standards.
For example there are no standards for data rates above 140Mbit/s and no standards for the line side of a
“Line Transmission Terminal™.

The Synchronous Digital Hierarchy (SDH)

SDH, like PDH 15 based on a hierarchy of continuously repeating, fixed length frames designed to carry
1sochronous traffic channels. SDH was specificallv designed in such a way that it would preserve a
smooth interworking with existing PDH networks.

The developers of SDH also addressed the weaknesses of PDH. They recognised that it was necessary to

adopt not only a Synchronous frame structure but one that also preserves the byte boundaries in the
vartous traffic bit streams.

Because SDH is synchronous it allows single stage multiplexing and de-multiplexing. This eliminates
hardware complexity. You don't need multiplexer mountains.

SDH Multiplexing levels
Figure 4 shows the SDH multiplexing levels.

The US and Japan use SONET while most of the rest of the world use SDH.

SDH Multiplexing Hierarchy
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Figure 4

Apart from using some different terminology, thereis very little difference between SONET and SDH.
You can see that the data rates are the same except SDH doesn’t specify a 51 Meg rate.

STM-1 forms the basis of the SDH frame structure. For example an STM-4 1s a frame consisting of 4 x
STM-1s. In Sonet, the STS levels refer to the speed of the bit stream. When these bits are converted to a
train of optical pulses in a fibre, they are called an Optical Carrier (OC).

You may also see “OC-3¢” referred to. This i1s simply the same bit rate as OC-3, but interpreted as one
channel instead of 3 multiplexed OC-1s. The “¢” stands for “Concatenated™.




SDH Network Elements
Figure 5 shows the elements that make up an SDH network

_Path Terminating Element
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4.5 The operation of ATM [ ISDN network.
ATM

Asynchronous transfer mode (ATM) is one of many network transmission protocols included in Windows
Server 2003, The most commaonly used transmission protocol included in Windows Server 20003 is

TCP/IP, which 15 a connectionless protocol

As such, TCP/IP cannot offer some of the advantages that a connection-oriented, virtual circuit, packet-
swilching technology, such as ATM, can. Unlike most connectionless networking protocols, ATM 1s a

deterministic networking system — it provides predictable, guaranteed quality of service

The ideal environment in which to use ATM is one that combines computer, voice, and video networking
into a single network, and the combination of existing networks into a single infrastructure,
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ATM Architecture

ATM is a combination of hardware and software that can provide either an end-to-end network or form a
high-speed backbone. The structure of ATM and its software components compnse the ATM architecture,
as the following illustration shows. The primary lavers of ATM are the physical laver, the ATM laver, and
the ATM Adaptation layer

ATM Architectural Diagram

AT Ak L

ATM Layer

PMD Sublayer

Physical Layer

Each layer and sublayer s described brniefly in the following table, "ATM Lavers.”

ATM LAYERS

The physical layer provides for the transmission and reception of ATM cells across a physical medium
between two ATM devices. This can be a transmission between an ATM endpoint and an ATM switch, or
it can be between two ATM switches. The physical layer is subdivided into a Physical Medium Dependent
sublayer and Transmission Convergence sublayer

PMD Sublayer

The Physical Medium Dependent (PMD) sublayer is responsible for the transmission and reception of
individual bits on a physical medium. These responsibilities encompass bit iming, signal encoding,
interacting with the physical medium, and the cable or wire itself

ATM does not rely on any specific bit rate, encoding scheme or medium and vanous specifications for
ATM exist for coaxial cable, shielded and unshielded twisted pair wire, and optical fiber at speeds ranging
from 64 kilobits per second 1o 9.6 gigabits per second

In addition, the ATM physical medium can extend up 1o 60 kilometers or more by using single-mode fiber
and long-reach lasers

Thus it can readily support wide-range connectivity, including a private metropolitan area network. The
independence of ATM from a particular set of hardware constraints has allowed it to be implemented over
radio and satellite links

Transmission Convergence Sublayer

The Transmission Convergence (TC) sublayer functions as a converter between the bit stream of ATM
cells and the PMD sublayer. When transmitting, the TC sublayer maps ATM cells onto the format of the
PDM sublayer, such as the DS-3 interface or Synchronous Optical Network (SONET) frames
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Because a continuous stream of bytes 1s required, unused portions of the ATM cell stream are filled by

idle cells. These wdle cells are identified in the ATM header and are silently discarded by the receiver.
They are never passed to the ATM laver for processing.

The TC sublaver also generates and venfies the Header Error Control (HEC) field for each cell. On the
transmitting side, it calculates the HEC and places it in the header. On the receiving side, the TC sublayer
checks the HEC for venfication

If a single bit error can be corrected, the bit is corrected, and the results are passed to the ATM layer. If
the error cannot be corrected (as in the case of a multibit error) the cell is silently discarded

Finally, the TC sublayer delineates the ATM cells, marking where ATM cells begin and where they end
The boundarnies of the ATM cells can be determined from the PMD layer formatting or from the incoming
byte stream using the HEC field

The PMD performs the HEC validation per byte on the preceding 4 bytes. If it finds a match, the next
ATM cell boundary is 48 bytes away (comesponding to the ATM payload). The PMD performs this
verification several imes 1o ensure that the cell boundanies have been determined correctly.

ATM Laver

The ATM layer provides cell multiplexing, demultiplexing, and VPIYVCI routing functions. The ATM
layer also supervises the cell flow to ensure that all connections remain within their negotinted cell

throughput limits

If connections operate outside their negotiated parameters, the ATM layer can take corrective action so the
misbehaving connections do not affect connections that are obeying their negotiated connection contract.
The ATM layer also maintains the cell sequence from any source.

The ATM layer multiplexes and demultiplexes and routes ATM cells, and ensures their sequence from
end to end However, if a cell 1s dropped by a switch due to congestion or corruption, it 15 not the
responsibility of the ATM layer to comrect the dropped cell by means of retransmission or to notify other
layers of the dropped cell. Layers above the ATM layer must detect the lost cell and decide whether to
correct it or disregard it

In the case of interactive voice or video, a lost cell is typically disregarded because it takes too long to
resend the cell and place it in the proper sequence to reconstruct the audio or video signal. A significant
number of dropped cells in time-dependent services, such as voice or video, results in a choppy audio or
video playback, but the ATM layer cannot correct the problem unless a higher Quality of Service is
specified for the connection

In the case of data (such as a file transfer), the upper layer application must sense the absence of the cell
and retransmut it. A file with randomly missing 48-bytes chunks is a corrupted file that 1s unacceptable to
the receiver. Because operations, such as file transfers, are not time dependent, the contents of the cell can
be recovered by incurning a delay in the transmission of the file corresponding to the recovery of the lost
cell
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ATM Laver Multiplexing and Demultiplexing

ATM layer multiplexing blends all the different input tvpes so that the connection parameters of each
input are preserved. This process is known as traffic shaping,

ATM layer demultiplexing takes each cell from the ATM cell stream and, based on the VPUVCI, either
routes it (for an ATM switch) or passes the cell to the ATM Adaptation Layver (AAL) process that
corresponds o the cell (for an ATM endpoint).

ATM Adaptation Laver

The ATM Adaptation Layer (AAL) creates and receives 48-byie payloads through the lower layers of
ATM on behalf of different types of applications. Although there are five different types of AALs, each
providing a distinet class of service, Windows Server 2003 supports only AALS.

ATM Adaptation 15 necessary to link the cell-based technology at the ATM Layer to the bit-stream
technology of digital devices (such as telephones and video cameras) and the packet-stream technology of
modern data networks (such as frame relay, X.25 or LAN protocols such as TCP/IP or Ethernet),

ATM Cell Structure

At either a private or a public User-Network Interface (UUNI), an ATM cell always consists of a 5-byte
header followed by a 48-byte payload The header 15 composed of six elements, each detailed in the
following figure, “Cell Header Structure.”

Cell Header Structure
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ISDN

Integrated Service Digital Network, or ISDN, is the original high-speed internet service. It sparked the
high-speed internet development between service providers during the 1990's and, of course,
revolutionized internet use. Much like its predecessor, the dial-up internet service, ISDN utilizes a phone
line. In fact, it set the standard for telephone data service.

ISDN internet service was the improvement upon dial-up, and it also paved the way for DSL and cable-
modem internet service thereafier. It can be considered the step of internet evolution that lies between
dial-up and DSL/Cable. Modernizing internet use and bringing high-speed access inside the home, ISDN
became the standard by which rival broadband internet service providers competed.
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Although ISDN intemnet service still exists, like the dial-up connection it is being replaced by faster and
cheaper services that the broadband companies are providing. Regardless, broadband high-speed internet
service is still compared with ISDN today since they both represent the standard of their times.

ISDN intemet service is basically a telephone-based network system that operates by a circuit switch, or
dedicated line. It can transmit data and phone conversations digitally over normal telephone wires. This
makes it both faster and of higher quality than dial-up internet service

During the 1990 this revolutionized the way people did business. No longer would you have to miss a
call in order to access vour internet, or shut down the internet to make a telephone call. As such, ISDN
internet service made video teleconferencing not only possible, but very popular at this ime as well.

There are two different types, or lines, of ISDN intemet service. The first is a basic rate ISDN line. Called
a Basic Rate Interface (BRI), this line has two data, or bearer, channels that operate at 64 kbiv'sec. Two or
more ISDN-BRI lines can be combined as well. vielding speeds of 256 kbit/sec. Combining these lines is

common for video conferencing use or for transmitting data at higher speeds.

The second type of ISDN line is called a primary rate line, or Primary Rate Interface (PRI). This line had
23 bearer channels and has a total speed of 1,544 kbit'sec. It is used mostly for telephone communication
rather than data transmission, particularly within companies that have large, private telephone exchange
syslems operating inside their business

The advantages of having ISDN internet service definitely lies in the data lines themselves. Not only do
you have constant data speed via these lines, each bearer channel runs at 64 kbit/sec wath the ability to be
combined to reach greater speeds. ISDN intemnet serviced also allows for multiple data transmission, so
telephone calls and data downloading are no longer mutually exclusive.

The disadvantages, however, 1s that the digital clarity of ISDN voice communication and its speedy data
transmission come at an extra cost. ISDN is billed like a phone line, but with an added cost for service.
And although its operational distance from the ISDN central office 1s greater than that for DSL, s
terminal adaptor (similar to a modem) is more expensive than DSL or cable modems.

While this equipment and service continue to remain costly, it s leaving the way open for other internet
services, like broadband, to quickly replace ISDN's share of the marketplace

4.6 The numbering plan of telephone networks (National Schemes & International
Numbering)

INTRODUCTION

The National Numbering Plan was last reviewed during 1993, The plan covered basic as well as other
services like cellular mobile, paging etc. Though the 1993 Numbenng Plan could cater to the needs of
existing and new services for another few years, yet it was felt to rationalise and review the existing
National Numbening Plan because of introduction of a large number of new telecom services and opening
up of the entire telecom sector for privale participation.

The existing Numbering Plan was formulated at a time when there was no competition in the basic
telecom services and the competition 1n cellular mobile services had just started, paging services were in a
stage of infancy and Intermet services were nol available in the country




The main objectives of the plan are -

i) To plan in conformity with relevant and applicable ITU standards 1o the extent possible
i) To meet the challenges of the changing telecom environmeni

iii) To reserve numbering capacity to meet the undefined future needs.

iv) To suppont effective competition by fair access (o numbernng resources

v) To meet subscriber needs for a meaningful and user-fniendly scheme. Only the decimal character set 0-
9 has been used for all number allocations. Letters and other non-decimal characters shall not form part of
the Navonal (Sigmficant) Number [N(5)N]. Dialling procedure as per ITU Recommendation E.164 has
been followed.

The Short Distance Charging Arca (SDCA) based linked numbering scheme with 10-digit N(S)N has been
followed. This would expand the existing numbering capacity to ten limes.

NATIONAL NUMBERING SCHEME
Level *0°
Sub level “000°:

The prefix "000" shall be used for home country direct service (Bilateral) and international toll free service
(Bilateral). The format used is: "000 + Country Code + Operator Code” except "000800° which is used for
bilateral international toll free service.

Sub level “0010° - INTERNATIONAL CARRIER ACCESS (Prefix) CODE: The prefix “0010° shall be
used for selection of international carmer. It will be followed by International Camier Identification Code
(ICIC), Country Code (CC) and N(S)N. The format shall be as under:

Prefix | International Carrier  Country @ National(Significant)Number
- Identification Code Code
| D010 ICIC cc N(S)N

Imitially ICIC shall be a two-digit code. This will be sufficient for allotment to 30 mtemational long
distance service providers considenng that maximum of two codes may be allotted to each service
provider depending upon toll quality and non-toll quahity network. However, to take care of all possible
future requirements, length of ICIC may be reviewed and changed to 3- digit code as and when required.
The allotment of 1CIC may start from " 10" and codes "00’ to "09" may be kept reserved.

Sub level *00° - INTERNATIONAL PREFIX:

The prefix “00° shall be used for International dialling. It wall be followed by country code and the N{S)N
of the couniry to which that call 1s attempted. The format 1s as per [ITU Recommendation E_164:

Prefix Country Code National(Significant)Number
00 cC N(S)N
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Sub level 010" - NATIONAL CARRIER ACCESS (Prefix) CODE:

The prefix “010° shall be uwsed for selection of national long distance carmier. It will be followed by
{(Natonal) Carner Identification Code (CIC) and N(%) N. The format shall be as under:

" Prefix l Carrier Identification Code | National(Significant)Number
010 Cic N(S)N

Initially CIC shall be a two-digit code. This will be sufficient for allotment to 40 NLDOs (mncluding

NLDOs licensed for basic services) and 10 BSOs licensed only for basic services, considenng that

maximum of two codes may be allotted to each service provider depending upon toll quality and nen-toll

quality network, However to take care of all possible future requirements, length of CIC may be reviewed
and changed to 3-digit code in future.

The allotment of CIC may start from 107 and codes "00" 1o "09" may be kept reserved. For intra circle
long distance service, the carmer access code shall be the same as applicable for NLD service. The CIC
from ‘10" to *79" shall be allotted 1o NLD service providers. For the NLD service providers, who are also
Basic Service Operators (BS0s), same CIC shall be applicable for intra circle (service area) calls. CIC
from *80" to *99” shall be allocated to the BSOs who are not licensed to provide NLD service.

4.7 Operation PBX & Digital EPABX.

PBX

What is a PBX Phone System?

PBX stands for Private Branch Exchange, which is a private telephone network used within a company or
organization. The users of the PBX phone system can communicate within their company or organization
and the outside world, using different communication channels like Voice over IP, ISDN or analog. A
PBX also allows you to have more phones than physical phone lines (PFTSN) and allows free calls

between users. It also provides features like transfers, voicemail, call recording, interactive voice menus

(IVRs) and ACD call queues
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PBX phone systems are available as Hosted or Virtual solutions {sometimes also called Centrix), and as
inhouse solutions to be used on your own hardware.

PBX phone systems are usually much more flexible than proprietary systems, as they are using open
standards and interfaces. Modem PBX phone systems are based on standard hardware, which is cheaper
and can easier be replaced than a closed systems.

Switching to an IP PBX offers many benefits

With an IP phone system all your internal telephony 15 routed through the existing LAN (local computer
network). This way a separate network for telephony 1s not required.

Even though the internal telephony is routed through the LAN, it is also possible to connect your 1P-PBX
via gateways to the PSTN. Of course, VolP (Voice over [P, telephony via the internet) is also possible.

Since IP telephony is mostly using the open SIP standard, an [P phone system gives you a lot more
freedom in your choice of phones.,

Basically any SIP compatible phone (VoIP phone) will work with an IP PBX. Furthermore an IP PBX
doesn’t limit the growth of a company,

Since VolP phones don’t have to be connected physically to the phone system, it doesn’t require a free
port in the phone system like it used to be with traditional phone systems.

IP phones can not only be connected via the LAN but also via the internet, using for example a VPN
connection. Because of this, multiple locations and offices can easily be connected.

There 15 a huge vanety of VolP providers on the intemet which provide SIP runking (telephony services)
for cheaper call rates than traditional telephony providers. Internal calls via an [P phone system are free
general.

Practical advantages of 1P telephony
Interconnecting teams and mobile working is one of the huge advantages of IP phone systems. No matter

if team members are on the road, are located 1n a different country or work from home, they can connect
via [P desk phone, smari phone or laptop to the PBX in the office.

This way all calls within the company are free and clients will not realize 1f en employee 15 in the office or
somewhere else around the world. The same also applies for conferences, these can be hosted directly on
the own I[P PBX with as many participants as required. This safes traveling time and money.

Digital EPABX
As shown in the figure EPABX/PBX facilitates use of one external telephone line by many internal users
in the office premuses, In the office each employee 15 provided one telephone set and all the telephones are

connected with PBX

All the employees within the office premises can communicate using 3-digit or 4-digit number
programmed in EPABX/PBX without any charge.




Page 62-

= o
= "_f_-"\,
Landline { -\"L\\ — L-p"fi j ==
— = S
TSP r( e E
—————
-.r‘-\_\___,._,-l'

EPABX/PBX 15 connected to PSTN (Public switched Telephone network) via trunk hines; hence all can
use one external voice line in time shared basis

PSTN 15 comnecied with MSC (Mobile switching centre) of cellular nefworks such as
GSM/CDMA/UMTS. By this mobile cell phone user can connect to any tzlephone set in the office
premises using extension number

Similar to voice line EPABX/PBX can be used for Data applications. As shown in figure Data porl of
PBX 15 connected 1o LAN where so many PCs are conmected and are usmng same extemal internet
connection line from ISP via Modem/router. The same facility of PBX can extended for WLAN users too



VI/SEM/ETC/ETT 602
MICRO CONTROLLOR, EMBEDDED SYSTEM & PLC s
SIXTH SEMESTER
(common to ETC/AEI)

Theory & Tutorial +4 P/W Examination: 3Hr
Total Theory & Tutorial: 60 P Total Marks: 100
Theory: 70
TA:10CT: 20
A: RATIONALE:

Computational tools & computing machines are always for technology implementation in field of
automation for industries and domestic products. Hence micro controls, Embedded System &
PLCs are integral port of Automation and semi-automation machine. Each day, our lives become
more dependent on 'Embedded Systems', digital informationtechnology that is embedded in our
environment. This includes not only safety-criticalapplications such as automotive devices and
controls, railways, aircraft, aerospace andmedical devices, but alsocommunications, 'mobile
worlds' and 'e-worlds', the 'smart' home,clothes, factories etc. All of these have wide-ranging
impacts on society, including security,privacy and modes of working and living. More than 98% of
Processors applied today are inembedded systems, and are no longer visible to the customer as
‘computers' in the ordinarysense. New processors and methods of processing, sensors, actuators,
communicationsand infrastructures are 'enablers' for this very pervasive computing..
B: OBJECTIVS:
At the end of the course the students should be able to :
i. Gate Idea of Embedded System & Different Technology.
. Know the application of Embedded System.
iii. Know the various peripherals.

iv. Concept in PLC & its Programming.
C: COURSE CONTENTS&DISTRIBUTION OF PERIODS :
1. Introduction to Embedded Systems 10

1.1 Embedded Systems Overview
-What are they?
-A shortlist of embedded systems
-Some common characteristics of embedded systems
-An embedded system example A Digital Camera
1.2 Embedded Systems Technologies
-Technology *Definition
-Technology for Embedded Systems
-Processor Technology
-IC Technology
-Design Technology
13 Processor Technology
-General Purpose Processors *Software,
Basic Architecture of Single Purpose Processors tHardware
1.4  Application +Specific Processors
-Microcontrollers
-Digital Signal Processors(DSP)
15 IC Technology
- Full Custom / VLSI
- Semi Custom ASIC (Gate Array & Standard Cell)
- PLD (Programmable Logic Device)
2. MICROCONTROLLER 8051 Architecture 10
2.1 Difference between microcontroller &general purpose Microprocessor.
2.2 Explain the Block diagram of the Architectural of 8051.
2.3.Explain the PIN Diagram features of the 8051 .
2.4 Explain the 8051 Programming Model.
2.5 Explain 8051 register banks and stack
2.6 Explain the Port Structure & Operation, Timer/Counters, serial Interface& External
Memory.



3. 8051 Addressing Modes & Instruction Set 07
3.1 Explain different addressing modes of 8051.
3.2 Explain the different types of Instruction sets of 8051.
x Data Transfer
X Arithmetic Operations
x Logical Operations
x Boolean Variable Manipulation
x Program Branching etc.

4. MICRO CONTROLLER 8051 Assembly Language Programming Tools. 11
4.1 Programs using Jump, Loop and Call Instructions
f Loop and Jump Instructions,
f Call Instructions
f Time Delay Generation and Calculation
4.2 I/O Port Programming

I/O Programming, Bit manipulation
4.3 Arithmetic Programs
f Unsigned Addition and Subtraction

f Unsigned Multiplication and Division

f Signed number concept and Arithmetic operations
4.4 Logic Programs

f Programs using Logic and Compare Instructions

f Programs using Rotate and Swap Instructions

f BCD and ASCII Application Programs
4.5 Programming using single-bit Instruction

X Single-bit Instruction Programming
X Programs using Single-bit Operations with CY
X Use Instructions which reads the status of input pin and reads internal

latch of the output port
4.6 Simple Programs

X The addition of 8bit numbers located in two memory addresses
X Write a subroutine that can be used to produced a time delay and which
can be set to any value
X Create a Square wave of different duty cycle
X Simple 8051 programming in C
4.7 Counter / Timer Programming
X Programming 8051 Timers
X Counter Programming
X Programming timer 0 & 1 in 8051C
5.Peripherals 07

5.1 Explain Watchdog Timers, LCD Controllers,

5.2 Explain Analog-to-Digital converters

5.3 Explain Real- Time Clocks

5.4 Explain DS 12887 RTC chip & its interfacing

5.5 Motor Control: Relay and optoisolator, Stepper motor interfacing, DC MOTOR Interfacing

6.. Programmable Logic Controllers(PLCs) 15
6.1 Draw the block diagram showing the major components of PLC and state each function of
each block.

6.2 Explain the basic operation of PLC

6.3 Describe briefly PLC programming

6.4 Explain address of inputs, outputs and internal of a PLC

6.5 State the difference between a programmable controller and a computer
6.6 Explain how a PLC memory is organized

6.7 Explain program scan of a PLC

6.8 Explain internal instruction of PLC

6.9 Program EXAMINE instruction&Program a ladder Rung diagram

6.10 Program PLC timer



6.11

Program PLC as a counter

6.12 Understand control instructions of PLC
6.13 Understand Data management instruction of PLC
6.14 Understand Compute Instruction of PLC
6..15 Explain sequences in a program of a PLC
6.16 Explain how I/O interface handles numerical data in PLC
6.17 Draw the solid state logic control circuit for the following problems and explain
Motor control circuit to provide sequence control to Motor 1 and Motor 2
BOOKS:
A: TEXT BOOK:
1. 8051Microcontroller an Embedded Systems by Mazidi,Mazidi,McKinlay-Paerson
2. Embedded System byFrank Vahid& Tony Givaagis.
3. Programmable logic Controllers by Frank D. Petruzela -TMH
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M/ETCIETT 603

VIISE
DIGITAL SIGNAL PRDCESSING
SIXTH SEMESTER '
(Common to ETC/AEI) Examinat‘mf: 130I'ér
Theory & Tutorial — 4P/W Total Ni!arks. v
Total Theory & Tutorial.60P .-li..geor},': \oCT: 20

discrete-time signals

| A: RATIONALE: ng of 8. 6L

DSP, or Digital Signal Processing, as the term suggests, is the Pfocess!pfgr:nt things. Historically
bydig']iial means. A signal in this context can mean 4 number of Ial here means anelectrical
theorigins of signal processing are in electrical engineering, and a Sign regenerally. however, a

signal carried by a wire or telephone line, or perhaps by @ radio wave. Msuw ‘Jata from a remote-
signal is a st from stockprics ot necessarily) in

ream of information representing anything iy (bu
sensing satellite. A digital signal consists of a stream of nun'lI.‘ABI‘E;-USU’al ‘-"E il calculaliDHSDigﬂal
binary form. The processing of a digital signal is done byperforming num Computers and Digital
signal processing is a technology driven field which dates its grow! here
Circuitry became fast enough to process large amount of data efficiently.
B: OBJECTIVS:

On completion of the study the students will be able to: :
. To provide background and fundamental materials in discrete time sy

processing technique, design procedures of digital filters and discrete Four

. Understand signal system & signal processing.

Differentiate continuous time & discrete time signals. )
Explain the concepts of frequency in continuous time, discrete time signa
related complex exponential. ) )
. Classify the signals like multi-channel, multidimensional, continuous time vs. discrete time

signals and continuous valued vs. discrete valued signals
. Convert analog signal to digital & vice-versa.
State and explain sampling theorem.&quantization of continuous—ampiitude signals,
sinusoidal signals., Analyze digital signal & system verses discrete time signals & systems.
Explain discrete time signals & classify discrete-time signals.
Describe discrete time systems will block diagrams, classification & interconnections.
Analyze liner invariant systems using different technigues.
Describe discrete time system using different equations.
Apply Z-transform on LTI systems.
Know discrete Fourier transform, its properties & state its application.
« Study of Fast Fourier Transform algerithms & Digital Filters.
C: COURSE CONTENTS&DISTRIBUTION OF PERIODS:

1

1. INTRODUCTION.
1.1 Discuss Signals, Systems & Signal processing.
111 Explain basic element of a digital signal processing system.
112 Compare the advantages of digital signal processing over analog signal processing.

1.2 Classify signals
1.2.1 Multi channel&Multi dimensional signals.

1.2.2 Continuous time verses Discrete -times Signal.
123 Continuous valued verses Discrete -valued signals.

13 Discuss the concept of frequency in continuous time & discrete time signals
1.3.1 Continuous-time sinusoidal signals. ’
1.3.2 Discrete-time sinusoidal signals.

13.3 Harmonically related complex exponential.

1.4 Discuss Analog to Digital & Digital to Analog conversion & explai ;

1.4.1 Sampling of Analog signal, o e Solowing,

1.4.2 The sampling theorem.
1.4.3 Quantization of continuous amplitude signals,

14.4 Coding of quantized sample.

stem, digital signal
jer transform.

1s and harmonically
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1.4.5 Digital to analog conversion.
1.4.6 Analysis of digital systems signals vs. dlscrete time signals systems.
2. DISCRETE TIME SIGNALS & SYSTEMS. 18
2.1 State and explain discrete time signals.
2.1.1 Discuss some elementary discrete time signals.
2.1.2 Classify discrete time signal.
2.1.3 Discuss simple manipulation of discrete time signal.
2.2 Discuss discrete time system. x!
2.2.1 Describe input-output of system.
2.2.2 Draw block diagram of discrete- time systems
223 Classify discrete time system.
224 Discuss inter connection of discrete -time system. |
2.3 Discuss discrete time time-invariant system.
2.3.1 Discuss different technique for the analysis of linear system.
2.3.2 Discuss the resolution of a discrete time signal in to impulse.
2.3.3 Discuss the response of LTI system to arbitrary I/Ps using convolution theorem.
2.3.4 Explain the properties of Convolution & interconnection of LTI system.
2.3.5 Study systems with finite duration and infinite duration impulse response.
2.4 Discuss discrete time system described by difference equation.
2.4.1 Explain recursive & non-recursive discrete time system.
2.4.2 Determine the impulse response of linear time invariant recursive system. j
3 THE Z-TRANSFORM & ITS APPLICATION TO THE ANALYSIS OF LTI SYSTEM. 12
3.1 Discuss Z-transform & its application to LTI system. .
3.1.1 State & explain direct Z-transform.
3.1.2 State & explain inverse Z-transform.
3.2 Discuss various properties of Z-transform.
3.3 Discuss rational Z-transform.
3.3.1 Explain poles & zeros.
3.3.2 Determine pole location time domain behavior for casual signals.
3.3.3 Describe the system function of a linear time invariant system.
3.4 Discuss inverse Z-transform.
3.4.1 Determine inverse Z-transform by partial fraction expansion.
4 DISCUSS FOURIER TRANSFORM: ITS APPLICATIONS PROPERTIES. 12
4.1 Discuss discrete Fourier transform.
4.2 Determine frequency domain sampling and reconstruction of discrete time signals.
4.3 State & Explain Discrete Time Fourier transformation(DTFT)
4.4 State & explain Discrete Fourier transformation (DFT).
4.5 Compute DFT as a linear transformation.
4.6 Relate DFT to other transforms.
4.7 Discuss the property of the DFT.
4.8 Explain multiplication of two DFT & circular convolution.
5 FAST FOURIER TRANSFORM ALGORITHM & DIGITAL FILTERS. 10
5.1 Compute DFT & FFT algorithm.
5.2 Explain direct computation of DFT.
5.3 Discuss the radix-2 algorithm. (Small Problems)
5.4 Introduction to digital filters.(FIR Filters)
5.5 Introduction to DSP architecture, familarsation of different types of processor.
BOOKS:
TEXT BOOKS:
1. Digital signal processing principles algorithms & applications by J.G.Proakis& Dimities G.

Manolakis, Peason.
2. Digital Signal Processing by Ramesh Babu.
REFERENCE BOOKS:
1. Digital signal processing By A.V.Oppenleim&W.Schafer.
2. Digital Signal Processing by S Salivahanan, AVallavaraj, C Gnanapriya Tata McGraw Hill.
3. DigitaisationbyB.Somanath Nair, PHI.
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o4l
1T 6V
\n;SF.fWETc’(Ei |
Fhson et IMQ?{?H& VIDEO PROCESSING
Utorial — 4Py SEMESTER(Elective) ion: 3H
Total Theory & Ay _ Examination: =
Yy & Tutorial:60 p Total Marks: T'C'}O
Theory: _ 59
A: RATIONALE: TA0 CT 7 The
3 | ife. T

transforg:gltal Image Processing is used for image processing system in aay tr?e I:I- d fof

el e_nhancement restoration, segmentation & reorganization of images = ital imads

S of different Images .The data compression technique is also essential for D.'ga jons @

Sther ﬁel?jg System. This subject helps for remote sensing and digital satellite communic
B: OBJECTIVS. s of electronic and information technology.

1Or‘lljtompletion of the study the students will be able to:

5 nderstand data compression and various techniques.

3. Define Gray. level transformation of images. .

. Know techniques of image enchantment, image compression, image segmentation oN:

4. Know elements of image processing system.

5. Know applications of digital image processing.

?. Seﬁne object recognition.

. Understand binary image processing.

C: TOPIC WISE DISTRIBUTION OF PERIODS: |

1: Digital Image Fundamentals 8

(@]

1.1 What s Digital Image Processing & Components of a General
Purpose Image processing Systems
Elements of visual perception,
Image sensing andacquisition,
Image sampling and quantization,
Basic relationships between pixels —neighborhood, adjacency,
connectivity, distance measures.
2: Image Enhancements and Filtering 9
2.1 Basic Gray level transformations, |
2.2 histogram equalization and specifications(Processing)
2.3 pixel-domain -smoothing filters &sharpening filters
24 first and second derivative of Image sharpening
2.5 Aliasing in Image and 1-D the 2-D and its inverse
26  Basics of Filtering in frequency domain
2.7 Image Smoothing — Ideal low-pass and high-pass filters
3: Color Image Processing 3
3.1 Color fundamentals
32  Color models — RGB, YUV, HS|;
3.3  Color transformations- Formulation, colr complements, color slicing, tone and color
corrections;
3.4  Colorimagesmoothing and sharpening;
3.5 Color Segmentation.
4: Image Segmentation 8
4.1 Detection of discontinuities,
4.2  Edge linking and boundary detection,
4.3 Thresholding- global and adaptive,
4.4 Define Segmentation & explain region-based segmentation.
5: Wavelets and Multi-resolution image processing 9
6.1 Uncertainty principles of FourierTransform,

6.2  Time-frequency localization,

1.
5
1.
1.

g W

6.3 Continuous wavelet transforms,
6.4 Wavelet bases andmulti-resolution analysis,
6.5 Wavelets and Subband filter banks, wavelet packets.
6: Image Compression-Redundancy 5

Scanned by CamScanner



1.1 Inter-pixel and psycho-visual;

1.2 Losslesscompression — predictive, entropy, o

1.3  Lossy compression-predictive and transform coding;

14  Discrete Cosine Transform; 55

1.6  Stillimage compression standards — JPEG and JPEG-2000. g
7: Fundamentals of Video Coding-

7.1 Inter-frame redundancy, (g Sekuing

7.2 motion estimationtechniques — full-search, fast search strateg and

backward motion prediction,
7.3 frame classification — |, P and B; Video s&
frames,slices, macro-blocks and blocks;
7.4  Elements of a video encoder and decoder;
7.6  Video codingstandards — MPEG and H.26X.
B: Video Segmentation
8.1 Temporal segmentation
8.2  shot boundary detection, hard-cutsand soft-cuts;
8.3  Spatial segmentation — motion-based;
8.4  Video object detection and tracking.

quence hierarchy — Group of pictures,

-]

JO0KS:
TEXT BOOKS:

1,"Digital Image Processing”, by R.C.Gonzalez and R.E. Woods, Second Edition, Pearson Edu
2. ."Fundamentals of Digital Image Processing”, by Anil Kumar Jain.Prentice Hall of India.
3. "Video Processing” by Murat Tekalp
REFERANCE BOOKS:
,1.Jayaraman ,S Esakkirajan,T. Veerakumar .; Digital Image Processing TMH
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Chapter 3&4:

Color Fundamentals:

Color theory is both the science and art of using color. It explains how humans perceive color:
and the visual effects of how colors mix, match or contrast with each other. Color theory also
involves the messages colors communicate; and the methods used to replicate color.

In color theory, colors are organized on a color wheel and grouped into 3 categories: primary
colors, secondary colors and tertiary colors.

Color Models

The purpose of a color model is to facilitate the specification of colors in some standard
generally accepted way. In essence, a color model is a specification of a 3-D coordinate system
and a subspace within that system where each gg#r is represented by a single point.

Each industry that uses color employs the most suitable color model. For example, the RGB
color model is used in computer graphics, YUV are used in video systems, Photo is used in
Photo CD production and so on. Transferring color information from one industry to another
requires transformation from one set of values to another. Intel IPP provides a wide number of
functions to convert different color spaces to RGB and vice versa.

RGB Color Model

In the RGB model, each color appears as a combination of red, green, and blue. This model is
called additive, and the colors are called primary colors. The primary colors can be added to
produce the secondary colors of light (see Figure "Primary and Secondary Colors for RGB and
CMYK Models") - magenta (red plus blue), cyan (green plus blue), and yellow (red plus green).
The combination of red, green, and blue at full intensities makes white.

Primary and Secondary Colors for RGB and CMYK Models

) 7 magenta
green yellow

a) RGB model b) CMY(K) model
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The color subspace of interest is a cube shown in Figure "RGB and CMY Color Models” (RGB
values are normalized to 0..1), in which RGB values are at three corners; cyan, magenta, and

yellow are the three other corners, black is at their origin; and white is at the corner farthest from
the origin.

The gray scale extends from black to white along the diagonal joining these two points. The
colors are the points on or inside the cube, defined by vectors extending from the origin.

Thus, images in the RGB color model consist of three independent image planes, one for each
primary color.

As arule, the Intel IPP color conversion functions operate with non-linear gamma-
corrected images R'G'B".

The importance of the RGB color model is that it relates very closely to the way that the human
eye perceives color. RGB is a basic color model for computer graphics because color displays
use red, green, and blue to create the desired color. Therefore, the choice of the RGB color

space simplifies the architecture and design of the system. Besides, a system that is designed

using the RGB color space can take advantage of a large number of existing software routines,
because this color space has been around for a number of years.
RGB and CMY Color Models

a) RGB b) CMY

g A Yy A

blue (0,0;1] cyan ‘fel!':’\'u' \ (ﬂ'l?,lj_ SR
/ 4

rd ‘/ : .J-’\Jl-il.
/ I kvl11te‘/ /"’ | |"|.\_"-1.'~a ‘
magenta £ I 9 green| 1 7|
| '| 3 ‘

. : . PR maagenta
| gray staje |areen .. qray ?‘_L_\J.'I.—"
"———-———--—b— ‘]—_—j— —l-\

- - white ; M
red Ve blaﬁ:k /Drlpo){:l cvan / | (o, 1,0)

- b
R (1,0,0) yellow & o (1,0,0) biue
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However, RGB is not very efficient when dealing with real-world images. To generate any color
within the RGB color cube, all three RGB components need to be of equal pixel depth and
display resolution. Also, any modification of the image requires modification of all three planes.

CMYK Color Model

The CMYK color model is a subset of the RGB model and is primarily used in color print
production. CMYK is an acronym for cyan, magenta, and yellow along with black (noted as K).
The CMYK color space is subtractive, meaning that cyan, magenta yellow, and black pigments
or inks are applied to a white surface to subtract some color from white surface to create the
final color. For example (see Figure "Primary and Secondary Colors for RGB and CMYK
Models"), cyan is white minus red, magenta is white minus green, and yellow is white minus
blue. Subtracting all colors by combining the CMY at full saturation should, in theory, render
black. However, impurities in the existing CMY inks make full and equal saturation impossible,
and some RGB light does filter through, rendering a muddy brown color. Therefore, the black
ink is added to CMY. The CMY cube is shown in Figure "RGB and CMY Color Models”, in which
CMY values are at three corners; red, green, and blue are the three other corners, white is at
the origin; and black is at the corner farthest from the origin.

YUV Color Model

The YUV color model is the basic color model used in analogue color TV broadcasting. Initially
YUV is the re-coding of RGB for transmission efficiency (minimizing bandwidth) and for
downward compatibility with black-and white television. The YUV color space is "derived” from
the RGB space. It comprises the luminance (Y) and two color difference (U, V) components.
The luminance can be computed as a weighted sum of red, green and blue components; the

color difference, or chrominance, components are formed by subtracting luminance from blue
and from red.

The principal advantage of the YUV model in image processing is decoupling of luminance and
color information. The importance of this decoupling is that the luminance component of an
image can be processed without affecting its color component. For example, the histogram
equalization of the color image in the YUV format may be performed simply by applying
histogram equalization to its Y component.

There are many combinations of YUV values from nominal ranges that result in invalid RGB
values, because the possible RGB colors occupy only part of the YUV space limited by these
ranges. Figure"RGB Colors Cube in the YUV Color Space” shows the valid color block in the

YUV space that corresponds to the RGB color cube RGB values that are normalized to [0..1]).
The HSI color model

The HSI color space is very important and attractive color model for image processing
applications because it represents color s similarly how the human eye senses colors

The HSI color model represents every color with three compenents: hue ( H ), saturation ( S ),
intensity ( | ). The below figure illustrates how the HIS color space represents colors.
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=TT T A

The Hue component describes the color itself in the form of an angle between [0,360] degrees.

0 degree mean red, 120 means green 240

magenta.

The Saturation component signa

the S component is [0,1].

The Intensity range is betwee

As the above figure shows,

meaningful when saturation approac

limits the saturation values.

means blue. 60 degrees is yellow, 300 degrees is

|s how much the color is polluted with white color. The range of

d 0 means black, 1 means white
hue is more meaningful when saturation approaches 1 and less
hes 0 or when intensity approaches 0 or 1. Intensity also

To formula that converts from RGB to HSI or back is more complicated than with other color

models, therefore we will not elabora

RGB

Color transformations.

Color can be described by its red
known RGB system), or by some |
among others. The CIE adopted syst
approximation, equal changes in the co
perception of the color. Nevertheless, S
in an image by some type of cylindrical-

te on the detailed specifics involved in this process.

CMY CMYK
HSV La*b
YIQ YV

(R), green (G) and blue (B) coordinates (the well-
ts linear transformation as XYZ, CMY, YUV, 1Q,
ems CIELAB and CIELUV, in which, to a good
ordinates result in equal changes in
ometimes it is useful to describe the colors
like coordinate system, it means by its hue,

Scanned by CamScanner



saturation and some value representing brightness. If the RGB coordinates are in
the interval from 0 to 1, each color can be represented by the point in the cube in
the RGB space. Let us imagine the attitude of the cube, where the body diagonal
linking “black” vertex and "white” vertex is vertical. Then the height of each point in
the cube corresponds to the brightness of the color, the angle or azimuth

corresponds to the hue and the relative distance from the vertical diagonal
corresponds to the saturation of the color.

The present color models have some disadvantages in practical use. E.g. we
convert an image in some image processing application into some brightness-hue-
saturation model and we would like to work with individual components
(coordinates) as with separate images. There is desirable regarding to the back
conversion to have all combinations of the values. It means we need such model,
where the range of values of saturation is identical for all hues. From this point of
view, the GLHS color model [2] is probably the best from the current ones,

particularly for Wein = Wmig = Wmax = 1/3. The good model should satisfy some
demands as:

1. The brightness should be a linear combination of all three RGB components. At

least, it must be continuous growing function of all of them.

The hue differences between the basic colors (red, green and blue) should be
120" and similarly between the complement colors (yellow, purple and cyan).
The hue difference between a basic color and an adjacent complement one (e.g.
red and yellow) should be 60.

The saturation should be 1 for the colors on the surface of the RGB color cube, it

means in case of one of the RGB components is 0 or 1 except black and white
vertices and it is 0 in case of R=G=B.

2.

Color Complements

Yellow
Orange-Yellow vellowi-Green

Orange ¢, Green

Red-Orange | | Blue-Green
Red plue
Red-violet Blue-Yiolet

Yinlet

Complementary colors are located directly opposite from each other on the color wheel. (Follow the black li
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that go through the center of the simple color wheel.) For example:

« Blue complements orange.
« Green complements red.
«  Yellow complements violet.

pair is made up of the other two primary colors, yg

Because the secondary color in each complementary
The complements "complete” each other.

think of these combinations as having all three primary colors.

Color Slicing/ Density slicing

to different ranges and for
also know as
the pixel values are

Density slicing is the process in which the pixel values are sliced In
each range a single value or color is assigned in the output image It is
level slicing. ... Density slicing is useful in enhancing images, particularly if
within a narrow range.

Color Correction

Color Correction or Grading is the technique of changing the colors present in an image. This
could be a stark change (blue to red) or a subtle change (white balance). The difference

between the wordcorrection and grading is a gray area

color image smoothing and sharpening

Smoothing and sharpening function use the pixels inan N x N neighborhood about each pixel to
modify an image. For both smoothing and sharpening filters the larger the N x N neighborhood
the stronger the smoothing or sharpening effect. Smoothing and sharpening function can be
either non-adaptive or adaptive to local statistics found in each N x N neighborhood of an
image. Non-adaptive functions use the same calculation in each N x N neighborhood to
a pixel. For example, a box smoothing filter smooths an image by calculating the a
pixels in the N x N neighborhood of a pixel and replaces the pixel at the
neighborhood with the average value. Gaussian blur and unsharp mask
non-adaptive filters. Non-adaptive filters are represented as an N x N co
dimensions of the N x N canvolution kernel are typically 3 x 3.5%5,7
3 convolution kernel is denoted by a1 a2 a3 ad a5 a6 a7 a8 a9 A conv
linear function F that maps an M x N image Z and a N x N convolution K
N image W. The function F has the following properties: 1) A pixel from
same position in W. 2) If the convolution kernel C is given by cl c2 ¢3¢

22 73 z4 p 25 26 27 28 is a neighborhood about a pixelpinZ. thenpis
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convolution function to a pizel q in W where q = c17z1 + c2'z2 +c3°23 +
c7*26 + cB8°27 + c9"z8 The above definition which is stated for a 3 x 3 image neighbomhe
1 3 convolution kernel can easily be generalized to a N x N image neighborhood with a
e coefficients of a convolution kernel sum to one then the kemel
represents smaathing or low pass filter If the coefficients of a convolution kernal sum 10 zero
then the kernel represents a sharpening or high pass filter. Adaptive functions calculate
statistics in the N x N neighborhood about each pixel and use the local statistics to medify the
calculation that is used to madify the pixel at the center of the N N neighborhood. Examples of

adaptive smoothing and sharpening filter in Images Plus include the adaptive edge preserving

convolution kernel. If th
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selected neighborhood smoothing filter and adaptive unsharp mask, respectively. Custom filters
in ImagesPlus allow the user to enter their own non-adaptive filters by specifying the convolution
kernel. User defined filters include gradient, emboss, outlier, smoothing, sharpening, and edge
filters. Multi-scale resolution tools in ImagesPlus allow the use to select which detail levels of an
image are effected by smoothing and sharpening. Image detalil levels can range from small and
very fine detail to large scale detail. The frequency based tools in ImagesPlus use the Fourier
transform to convert a color or monochrome image from its usual spatial domain into the
frequency domain representation. In the frequency domain the amplitudes of low and high
frequencies can be modified to smooth and sharpen an image. The Frequency Filter tool in
ImagesPlus has low pass smoothing, high pass sharpening, band pass, and band stop options.
Light and dark line patterns can be suppressed or enhanced using the Line Suppression &
Enhancement tool. Wider color bands can be removed from an image using the Band
Suppression tool. All of the smoothing and sharpening filters can be used with layers, blend
modes, opacity, and masks to increase their usefulness. The dark background of an image can

be smoothed using an inverse luminance masks without effecting the brighter areas of the

image. A luminance mask can be used to sharpen the bright areas of an image without effecting
the dark areas of the image. The luminance of an image can be sharpened and used as the
new luminance component of an image. The Making & Using Masks and Layers, Blend Modes,
Opacity, & Masks chapters of the ImagesPlus user manual contain detailed information creating
masks and using them with layers, blend modes, and opacity. Noise in an image can take

several forms. Impulse noise appears as salt and pepper noise. Additive noise is independent of
image intensity. Multiplicative noise is a function of image intensity.

color segmentation

Typically image segmentation is the process used to locate objects and boundaries (e.g., lines
or curves) in images [1]. ... In this work, a segmentation of color images is tested with different

classical color spaces, , , , , and , to select the best colorspace for the considered kind of
images.
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Image segmentation is the process of partitioning a digital image into multiple segments

(sets of pixels, also known as super-pixels). The goal of segmentation is to simplify and/or
change the representation of an image into something that is more meaningful and easier to
analyze."™ |mage segmentation is typically used to locate objects and boundaries (lines,
curves, etc.) in images. More precisely, image segmentation is the process of assigning a label
to every pixel in an image such that pixels with the same label share certain characteristics.

Applications
« Locate tumors and other pathologies
« Measure tissue volumes
« Diagnosis, study of anatomical structure
« Surgery planning
» Virtual surgery simulation
« Intra-surgery navigation
+ Pedestrian detection
+« Face detection
« Brake light detection
« Locate objects in satellite images (roads, forests, crops, etc.)

Edge & Boundary detection

Edge detection is a well-developed field on its own within image processing. Region boundaries and
edges are closely related, since there is often a sharp adjustment in intensity at the region
boundaries. Edge detection techniques have therefore been used as the base of another
segmentation technique.

The edges identified by edge detection are often disconnected. To segment an object from an image
however, one needs closed region boundaries. The desired edges are the boundaries between such
objects or spatial-taxons.

Spatial-taxons are information granules, consisting of a crisp pixel region, stationed at abstraction
levels within a hierarchical nested scene architecture. They are similar to the psychological
designation of figure-ground, but are extended to include foreground, cbject groups, objects and
salient object parts. Edge detection methods can be applied to the spatial-taxon region, in the same
manner they would be applied to a silhouette. This method is particularly useful when the
disconnected edge is part of an illusory contour

Segmentation methods can also be applied to edges obtained from edge detectors. Linde berg and
Li developed an integrated method that segments edges into straight and curved edge segments for
parts-based object recognition, based on a minimum description length (Mz.) criterion that was
optimized by a split-and-merge-like method with candidate breakpoints obtained from
complementary junction cues to obtain more likely points at which to consider partitions into different
segments.
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Thresholding

The simplest method of image segmentation is called the thresholding method. This method is
based on a clip-level (or a threshold value) to turn a gray-scale image into a binary image.

The key of this method is to select the threshold value (or values when multiple-levels are selected).
Several popular methods are used in industry including the maximum entropy method, balanced

histogram thresholding, hybrid thresholding, Otsu's method (maximum variance), and k-means
clustering.

Recently, methods have been developed for thresholding computed tomography (CT) images. The

key idea is that, unlike Otsu's method, the thresholds are derived from the radiographs instead of the
(reconstructed) image.

New methods suggested the usage of multi-dimensional fuzzy rule-based non-linear thresholds. In
these works decision over each pixel's membership to a segment is based on multi-dimensional

rules derived from fuzzy logic and evolutionary algorithms based on image lighting environment and
application.
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TR i
CHAPTER-7 Fundamentals of Video Coding.

Inter frameredundancy -

Ani i ; :
‘Inter frame is a frame in a video compression stream which is expressed in terms of one or more
n i " it i i
eighboring frames. The "inter" part of the term refers to the use of inter frame prediction. This kind
of prediction tries to take advantage from temporal redundancy between neighboring frames

enabling higher compression rates.

Inter frame prediction

An inter coded frame is divided into blocks known as macroblocks. After that, instead of directly
encoding the raw pixel values for each block, the encoder will try to find a block similar to the one it
is encoding on a previously encoded frame, referred to as a reference frame. This process is done
by a block matching algorithm. If the encoder succeeds on its search, the block could be encoded by
a vector, known as motion vector, which peints to the position of the matching block at the reference

frame. The process of motion vector determination is called motion estimation.

In most cases the encoder will succeed, but the block found is likely not an exact match to the block
it is encoding. This is why the encoder will compute the differences between them. Those residual
values are known as the prediction error and need to be transformed and sent to the decoder

Advantages & Disadvantages of Inter frame prediction

If everything goes fine, the algorithm will be able to find a matching block with little prediction

error so that, once transformed, the overall size of motion vector plus prediction error is lower
than the size of a raw encoding.

If the block matching algorithm fails to find a suitable match the prediction error will be
considerable. Thus the overall size of motion vector plus prediction error will be greater than the
raw encoding. In this case the encoder would make an exception and send a raw encoding for
that specific block.

If the matched block at the reference frame has also been encoded using Inter frame prediction,
the errors made for its encoding will be propagated to the next block. If every frame was
this technique, there would be no way for a decoder to synchronize to a video

encoded using
stream because it would be impossible to obtain the reference images.

Frame Classification:

e
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mes. These two kinds of frames and the I-

The |-frame
nce. This structure also

There are two types of inter frames: P-frames and B-fra .
doesn't need

frames (Intra-coded pictures) usually join in @ GOP (Group of Pictures).
additional information to be decoded and it can be used as 3 reliable refere
allows to achieve an I-frame periodicity, which is needed for decoder synchronization.

P-frame
prediction is made from an

P-frame is the term used to define the forward Predicted pictures. The
=50% when compared

earlier picture, mainly an I-frame or P-frame, so that require less coding data (

to |-frame size).
ors and transform

The amount of data needed for doing this prediction consist of motion vect
coefficients describing prediction correction. It involves the use of motion compensation.

B-frame
ctures. This kind of prediction method occupies

B-frame is the term for bidirectionally predicted pi
because the

less coding data than P-frames generally (=25%when compared to |-frame size)
prediction is made from either an earlier frame or a \ater frame or both them. (B-frames can also be

less efficient than P-frames under certain cases, eg: lossless encoding)

Similar to P-frames, B-frames are expressed as motion vectors and transform coefficients. In order
to avoid a growing propagation error, B-frames are not used as a reference to make further

predictions in most encoding standards.

Group of Pictures:
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In video coding, agroup of
and inter-

pictures, or GOP structure, specifies the order in which intra-

frames are .
stream. Eath coded E‘_rra"QEd- The GOP is a collection of successive pictures within 2 coded video
deneroiod ¢ Oded video stream consists of successive GOPs, from which the visible frames areé

- Encountering a new GOP in a compressed video stream means that the decoder doesn't

need an i .
- Y previous frames in order to decode the next ones, and allows fast seeking through the
ideo.

A GOP can contain the following picture types:

« | picture or| frame (intra coded picture) — a picture that is coded independently of all other

pictures, Each GOP begins (in decoding order) with this type of picture.
+ P picture orP frame (predictive coded picture) — contains motion-compensated difference
information relative to previously decoded pictures. In older designs such as MPEG-
1, H.262/MPEG-2 and H.263, each P picture can only reference one picture, and that picture
must precede the P picture in display order as well as in decoding order and must be an | or P
picture, These constraints do not apply in the newer standards H.264/MPEG-4 AVC and HEVC.
« B picture or B frame (bipredictive coded picture) — contains motion-compensated difference
information relative to previously decoded pictures. In older designs such as MPEG-1 and
H.262/MPEG-2, each B picture can only reference two pictures, the one which precedes the B
picture in display order and the one which follows, and all referenced pictures must be | or P
pictures. These constraints do not apply in newer standards H.264/MPEG-4 AVC and HEVC.
« D picture or D frame (DC direct coded piclure) — serves as a fast-access representation of a

picture for loss robustness or fast-forward. D pictures are only used in MPEG-1video.

An | frame indicates the beginning of a GOP. Afterwards several P and B frames follow. In older

designs, the allowed ordering and referencing structure is relatively constrained.!

The | frames contain the full image and do not require any additional information to reconstruct them.

Typically, encoders use GOP structures that cause each | frame to be a "clean random access
point," such that decodin

are corrected after processing a correct | frame.

g can start cleanly on an | frame and any errors within the GOP structure

the newer designs found in H.264/MPEG-4 AVC and HEVC, encoders have much more flexibility
e referencing structures as were previously used

In
about referencing structures. They can use the sam

in older designs, or they can use more pictures as references and they can use more flexible

ordering of the coding order relative to the display order. They are also allowed to use B pictures as

references when coding other (B or P) pictures. This extra flexibility can improve compression

it can cause propagation of errors if some data becomes lost or corrupted. One

i

efficiency, but
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i . Hierarchical
Popular structure for use with the newer designs is the use of a hierarchy of B pictures i
. . : o "
® pictures can provide very good compression efficiency and can also limit the propagation blem
‘ : ion pro
Since the hierarchy can ensure that the number of pictures affected by any data corruption p

is strictly limited,

- i re |
General'ly, the more | frames the video stream has, the more editable it is. However, having mo

frames Substantially increases bit rate needed to code the video.

GOP Structure

The GOP structure is often referred by two numbers, for example, M=3, N=12. The first number tells

the distance between two anchor frames (1 or P). The second one tells the distance between two full

images (I-frames): it is the GOP size." For the example M=3, N=12, the GOP structure is

IBBPEBBPBBPBBI. Instead of the M parameter the maximal count of B-frames between two
consecutive anchor frames can be used,

For example, in a Sequence with pattern |IBBBBPBBBBPBBBBI, the GOP size is equal to 15 (length

between two | frames) and distance between two anchor frames (M value) is 5 (length between |

and P frames or length between two consecutive P Frames).

Video codec (Encoder & Decoder)
A video codec is an electronic circuit or software that compresses or decompresses digital video. It
format or vice versa. In the context of video

converts uncompressed video to a compressed
"decoder"—a device that only

compression, "codec" is a concatenation of "encoder’ and
compresses is typically called an encoder, and one that only decompresses is a decoder.

y conforms to a standard video compression specification. The
the compressed video lacks some information present
quality than the

The compressed data format usuall
compression is typically lossy, meaning that
in the original video. A consequence of this is that decompressed video has lower

original, uncompressed video because there is insufficient information to accurately reconstruct the

original video.
There are complex relationships between the video quality, the amount of data used to represent the

video (determined by the bit rate), the complexity of the encoding and decoding algorithms,

sensitivity to data losses and errors, ease of editing, random access, and end-to-end delay

E ncdd o+

vido>

Wﬁ‘é“f.‘j#r o
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Vi

t;?rZZtr;ﬁ:;iis?;E used in DVD players, Internet video, video on demand, digital cable, digila
. N, videotelephony and a variety of other applications. in particular, they are widely

used in applications that record or transmit video, which may not be feasible with the high data

volumes and bandwidths of uncompressed video. For example, they are used in operating

theaters to record surgical operations, in IP cameras in security systems, and in remotely operated

underwater vehicles and unmanned aerial vehicles.

Moving Picture Experts Group (MPEG)

The Moving Picture Experts Group (MPEG) is aworking group of authorities that was formed
by ISO and IECto set standards for audioand video compression and transmission. It was
established in 1988 by the initiative of Hiroshi Yasuda (Nippon Telegraph and Telephone)
and Leonardo Chiariglione, group Chair since its inception. The first MPEG meeting was in May 1988

in Ottawa, Canada.

The MPEG standards consist of different Parts. Each part covers a certain aspect of the whole
specification. The standards also specify Profiles and Levels. Profiles are intended to define a set of
tools that are available, and Levels define the range of appropriate values for the properties
associated with them. Some of the approved MPEG standards were revised by later amendments

andior new editions. MPEG has standardized the following compression formats and ancillary

standards:

. MPEG-1(1993): Coding of moving pictures and associated audio for digital storage media at up
to about 1.5 Mbit/s (ISO/IEC 11172). This initial version is known as a lossy fileformat and is the
first MPEG compression standard for audio and video. It is commonly limited to about 1.5 Mbit/s

the specification is capable of much higher bit rates. It was basically designed to allow

although
moving pictures and sound to be encoded into the bitrate of a Compact Disc. It is used on Video
CD and can be used for low-quality video on DVD Video. It was used in digital satellite/cable TV
services before MPEG-2 became widespread. To meet the low bit requirement, MPEG-
1 downsamples the images, as well as uses picture rates of only 24-30 Hz, resulting in a

moderate quality." It includes the popular MPEG-1 Audio Layer Il (MP3) audio compression

format.
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«  MPEG-2 (1995): Generic coding of moving pictures and associated audio information (ISO/IEC
13818). Transport, video and audio standards for broadcast-quality television. MPEG-2 standard
was considerably broader in scope and of wider appeal = supporting interlacing and high
definition. MPEG-2 is considered important because it has been chosen as the compression
scheme for over-the-air digital television ATSC, DVB and ISDB, digital satellite TV services
like Dish Network, digital cable television signals, SVCDand DVD Video. It is also used on Blu-

ray Discs, but these normally use MPEG-4 Part 10 or SMPTE VC-1 for high-definition content.
+ MPEG-3: MPEG-3 dealt with standardizing scalable and multi-resolution compressionand was

intended for HDTV compression but was found to be redundant and was merged with MPEG-2;
as a result there is no MPEG-3 standard.MPEG-3 is not to be confused with MP3, which is

MPEG-1 or MPEG-2 Audio Layer IIl.

e MPEG-4 (1998): Coding of audio-visual objects. (ISO/IEC 14496) MPEG-4 provides 2

framework for more advanced compression algorithms potentially resulting in higher

compression ratios compared to MPEG-2 at the cosl of higher computational requirements.

MPEG-4 supports Intellectual Property Management and Protection (IPMP), which provides the
facility to use proprietary technologies to manage and protect content like digital rights
management. It also supports MPEG-J, a fully programmatic solution for creation of custom
interactive multimedia applications (Java application environment with a Java API) and many

other features. Several new higher-efficiency video standards (newer than MPEG-2 Video) are

included, notably:
H.26X

H.261 is an ITU-T video compression standard, first ratified in November 1988.1L is the first member

of the H.26x family of video coding standards in the domain of the ITU-T Video Coding Experts

Group (VCEG), and was the first video coding standard that was useful in practical terms.

H.261 was originally designed for transmissi
64 kbit/s. The coding algorithm was designed to be able to operate at video bit rates between 40

kbit/s and 2 Mbit/s. The standard supports two video frame sizes: CIF (352288 luma with 176x144

chroma) and QCIF (176x144 with 88x72 chroma) using a 4:2:0sampling scheme. It also has a
patible trick for sending still images with 704x576 luma resolution and 352x288

on over ISDN lines on which data rates are multiples of

backward-com

chroma resolution (which was added in a later revision in 1993).

|
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