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Unit-4
DIGITAL COMMUNICATION
Coding
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Source Coding

Source encoding is the efficient representation of data generated
by a source.

Discrete ok Source O Binary
memoryless [ —_—
sourge encoder sequence

For an efficient source encoding, knowledge of the statistics of the
source Is required.

If some source symbols are more probable than others, we can
assign short code words to frequent symbols and long code words

to rare source symbols.
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Consider a discrete source whose output of k different symbols s, is
converted by the source encoder into a block of Os and 1s denoted

by by

Discrete
memoryless
source

Source
encoder

O Binary

sequence

Assume that the kth symbol, s, occurs with probability p, , k=0,1.....K-1.
Let the binary code word assigned to symbol s, have length |, (in bits)

Therefore the average code-word length of the source encoder is given by

K-1

L = pklk

k=0
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Source Coding

Let L, denotes the minimum possible value of code-word length
The Coding efficiency of the source encoder is given by
I—min

L

77:
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Data Compaction

Data compaction is important because signals generated contain a
significant amount of redundant info and waste communication
resources during transmission.

For efficient transmission, the redundant info should be removed
prior to transmission.

Data compaction is achieved by assigning short description to the
most frequent outcomes of the source output and longer
description to the less frequent ones.

Some source-coding schemes for data compaction:-
* Prefix coding
* The Huffman Coding
* The Lempel-Ziv Coding
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Prefix Coding

A prefix code is a code in which no code word is the prefix of any
other code word

Example: Consider the three source codes described below

Source Probability Code | Code Il Code Il
Symbol of
Occurrence
So 0.5 0 0 0
S; 0.25 1 10 01
S, 0.125 00 110 011
S3 0.125 11 111 0111
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Prefix Coding

Source Probability Code | Code Il Code Il
Symbol of
Occurrence
So 0.5 0 0 0
S; 0.25 1 10 01
S, 0.125 00 110 011
S, 0.125 11 111 0111

Is Code | a prefix code?

It is NOT a prefix code since the bit O, the code word for s, is a
prefix of 00, the code word for s, and the bit 1, the code word for s;,
is a prefix of 11, the code word for s;.

Is Code Il a prefix code?
A prefix code has the important property

Yes that it is always uniquely decodable

Is Code Ill a prefix code?
No
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Prefix Coding - Example
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r Code | I I Code IV
S | V| %] %" [V
So 0 0 0 00
S; 10 01 01 01
S, 110 001 011 10
S3 1110 0010 110 110
S, 1111 0011 111 111

Prefix code?
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Huffman Coding — a type of prefix code

Basic idea : Assign to each symbol a sequence of bits roughly equal in length
to the amount of information conveyed by the symbol.

Huffman encoding algorithm:
Step 1: The source symbols are listed in order of decreasing probability.
The two source symbols of lowest probability are assigned a 0 and 1.

Step 2: These two source symbols are regarded as being combined into
a new source symbol with probability equal to the sum of the two original
probabilities. The probability of the new symbol is placed in the list in
accordance with its value.

The procedure is repeated until we are left with a final list of symbols of
only two for which a 0 and 1 are assigned.

The code for each source symbol is found by working backward and

tracing the sequence of 0s and 1s assigned to that symbol as well as its
successors.
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Huffman Coding — Example

.E‘O

59

5o

§g

54

Symbol Stage | Stage || Stage 11 Stage | Symbol Probability Code word
0 5o 0.4 00
0.4 0.4 0.4 0.6

. . > - % 8 0.2 10
5, 0.2 11
0.2 —> 0.2 0.4 0.4 5 0.1 010

\ 0.2
N 0, O &)

1
0.1—

o
%]

0.1

(a)
Step 1. The source symbols are listed in order of decreasing probability. The two
source symbols of lowest probability are assigned a 0 and 1.

Step 2: These two source symbols are regarded as being combined into a new
source symbol with probability equal to the sum of the two original probabilities.

The probability of the new symbol is placed in the list in accordance with its value.

The procedure is repeated until we are left with a final list of symbols of only two
for which a 0 and 1 are assigned.

The code for each source symbol is found by working backward and tracing the
sequence of 0s and 1s assigned to that symbol as well as its successors.

. 10
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Huffman Coding — Average Code Length

Symbol

Stage | Stage |l Stage 11

0.4 0.4 > 04
N 0\

Stage IV
0

—> 0.6

™S\ 0.4 ——

0.2 —=- (.2
\ o\ 1
0.2 \\0.2— ™S oo —
0.1 — \'\ 0.2 —1
1
0.1—
(a)
. K-1
L=)> p,
k =0

www.BrainKart.com
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Symboaol

Probability Code word

A 0
.‘I l
5 2
A 3
IS4

0.4 00
0.2 10
0.2 11
0.1 010
0.1 011

(b)
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Huffman Coding — Exercise

Symbol

So

S

S,

Probability

0.7

0.15

0.15

Compute the Huffman code.

What is the average code-word length?

www.BrainKart.com
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Huffman Coding — Exercise

O
'50 0-7 —_— 0'7
0 ]
s Q15 = 0.3
i [\/
s Q.15 _u

<

The Huffman code is therefore

Sﬂ 0

84 10

Sg 11

The average code-word length is

L = 0.7(1) + 0.15(2) + 0.12(2)
= 1.3

www.BrainKart.com
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Huffman Coding — Two variations

When the probability of the combined symbol is found to equal another probability
in the list, we may proceed by placing the probability of the new symbol as high as

possible or as low as possible.

50 0,55 — (Uss —— (035 ——--O,S'Sﬁ
s 00s — Q5 030 O 0.45 —
s - 0 }/
2 Ohs —. Qis ?(O;S The source code is therefore
53 OlO 0 O,’E) _I Sp 0
8; 11
s Q.05 s, 100
8q 1010
S, 1011

www.BrainKart.com
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Huffman Coding — Two variations

The average code.word length is therefore

4
L=3 plx
i

= 0.55(1) + 0.15(2) + 0.15(3) + 0.1(4) + 0.05(4)
=19

The variance of L is

4
o = Y pp(y - TP
k=0

= 0.55(-0.9)2 + 0.15(0.1)2 + 0.15(1.1)2 + 0.1(2.1)2 + 0.05(2.1)
=129

www.BrainKart.com
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Huffman Coding — Two variations

— (.4
50 Q.55 — 0.45 5 045__1__
030
s, 0.15 +»015 \: ]_/
™~ r 0.15
s, 0.15 =045
I
S3 0.0 —/ 015 —
Correspondingly, the Huffman code is
s 0058 -
30 0
s, 100
Sg 101
s3 110
84 111

www.BrainKart.com
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Huffman Coding — Two variations

The average code~word length is

L = 0.55(1) + (0.15 + 0.15 + 0.1 + 0.05) (3)
=19

The variance of L is

o? = 0.55(-0.9)% + (0.15 + 0.15 + 0.1 + 0.05) (1.1)?
= 0.9

Which one to choose?

www.BrainKart.com
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Huffman Coding — Exercise
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Symbol

So

S

S,

S3

Sy

Ss

Se

Probability

0.25

0.25

0.125

0.125

0.125

0.0625

0.0625

Compute the Huffman code by placing the probability of the combined symbol
as high as possible.

What is the average code-word length?

www.BrainKart.com
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Huffman Coding — Exercise Answer
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Symbol S, S, S, S, S, S, S,
Probability | 0.25 | 0.25 | 0.125 | 0.125 | 0.125 | 0.0625 | 0.0625
0
S 08 —= (.as 0.25 -5‘J
|
S 035 — 0.35 \Eo_is Q.5
5 Q125 0.125 DKO.H
s, 0425 0125 ’\ 0.125 10
AN | 11
s, 0135 0125 2 0,125 — 001
]—‘- 010
Sc  0.0bd5 0 No.ss 011
0000
s, 0.obs L 0001

19
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10
11
001
010
011
0000
0001
The average code-word length is
6
L=Y pulk
k=0
= 0.25(2)(2) + 0.125(3)(3) + 0.0625(4)(2)
- 2.625

www.BrainKart.com

20


http://www.brainkart.com/subject/Analog-and-Digital-Communication_227/

Click Here for

Huffman Coding — extended ot

s O
ﬂ '0-? "_—————0'?'

s, Ois 9 0.3 ]
s, O.|5}‘/

The Huffman code is therefore

By 0
81 10
8o 11

D) Or une exienaed source we nave

www.BrainKart.com

full study
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Huffman Coding — extended form

5151 8182 8981 Sg89

Symbol l 8050

8g81 } 8082 | 8189 ‘525-:!
Probability ‘ 0.49 ‘ 0.105 ‘ 0.105 ‘ 0.105 ‘ 0.105 1 0.0225 l 0.0225 ‘ 0.0225 ‘ 0.0225

Applying the Huffman algorithm to the extended source, we obtain the following source code

8089 1

BgS) 001

8o8g 010
8550 0000
818, 00100
8,89 DO00101
Sg871 000110
BoSo 000111
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Lempel-Ziv Coding — a type df*ptefix code

Basic idea : Parse the source data stream into segments that are the shortest

subsequences not encountered previously
Consider an input binary sequence 000101110010100101...

Assume that the binary symbols 0 and 1 are already stored
Subsequences stored 0,1
Data to be parsed 000101110010100101...

With symbols 0 and 1 already stored, the shortest subsequence encountered
for the first time is 00, so

TF
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Lempel-Ziv Coding — a type df*ptefix code
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Lempel-Ziv Coding — Exercise~'

Encode the following sequence using Lempel-Ziv algorithm assuming that O
and 1 are already stored

11101001100010110100....

www.BrainKart.com
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Lempel-Ziv Coding — Exercise Answer

Encode the following sequence using Lempel-Ziv algorithm assuming that O
and 1 are already stored

11101001100010110100....
Initial step
Subsequences stored: 0
Data to be parsed: 11101001100010110100....
Step 1
Subsequences stored: 0, 1, 11
Data to be parsed: 101001100010110100...
Step 2
Subsequences stored: 0, 1,11, 10 |
Data to be parsed: 1001100010110100.....

) 26
www.BrainKart.com


http://www.brainkart.com/subject/Analog-and-Digital-Communication_227/

Click Here for full study material.
Lempel-Ziv Coding — Exercise Answer

Encode the following sequence using Lempel-Ziv algorithm assuming that O
and 1 are already stored

11101001100010110100....

Step 3

Subsequences stored: 0, 1, 11, 10, 100

Data to be parsed: 1100010110100...
Step 4

Subsequences stored: 0, 1, 11, 10, 100, 110

Data to be parsed: 0010110100...
Step 5

Subhsequences stored: 0, 1, 11, 10, 100, 110, 00
Data to be parsed: 10110100....

www.BrainKart.com
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Lempel-Ziv Coding — Exercise Answer

Encode the following sequence using Lempel-Ziv algorithm assuming that O
and 1 are already stored

11101001100010110100....
Step 6
Subsequences stored: 0, 1, 11, 10, 100, 110, 00, 101
Data to be parsed: 10100...
Step 7
Subsequences stored: 0, 1, 11, 10, 100, 110, 00, 101, 1010
Data to be parsed: 0...

www.BrainKart.com
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Lempel-Ziv Coding — Exercise Answer

Encode the following sequence using Lempel-Ziv algorithm assuming that O
and 1 are already stored

11101001100010110100....

Numerical 1 2 3 4 5 6 7 8 9
positions
Subsequences 0, 1, 11, 10, 100, 110, 00, 101, 1010

Numerical 22, 21, 41, 31, 11, 42, 81
representations
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Wireless Communication Systems
unit-5
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Radio Communication

* Radio or radio communication means any transmission,
emission, or reception of signs, signals, writing, images,
sounds or intelligence of any nature by means of
electromagnetic waves of frequencies lower than three
thousand gigacycles per second (3000 GHz) propagated in
space without artificial guide.

Examples of radio communication systems:

Radio broadcasting.

TV broadcasting.

Satellite communication.

Mobile Cellular Telephony.

Wireless LAN.

Multimedia communication & Mobile Internet
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History

1864: Maxwell describes radio wave mathematically
1888: Hertz generates radio waves

1890: Detection of radio waves

1896: Marconi makes the first radio transmission
1915: Radio tubes are invented

1948: Shannon’s law

1948: Transistor

1960: Communication Satellites

1981: Cellular technology
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full study material.

Click Here for

Classification of radio spectrum
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The Radio Spectrum

The frequency spectrum is a shared resource.

Radio propagation does not recognize geopolitical
boundaries.

International cooperation and regulations are required for an
efficient use of the radio spectrum.

The International Telecommunication Union (ITU) is an
agency, within the UN, that takes care of this resource.
— Frequency assignment.
— Standardization.

— Coordination and planning of the international telecommunication
services.
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Evolution of Wireless Systems
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Evolution of Cellular Systems
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LTE-Long Term Evolution

High spectral efficiency

Very low latency

Support of variable bandwidth
Simple protocol architecture
Simple Architecture

Compatibility and inter-working with earlier 3GPP
Releases

Inter-working with other systems, e.g. cdma2000
FDD and TDD within a single radio access technology
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Click Here for full study material.

Other Technologies

* WLAN
* Bluetooth
e Sensor networks (Zigbee and IEEE 802.15.4)
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Radio Communication

* Three main problems:
— The path loss
— Noise
— Sharing the radio spectrum
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Challenges Today

* The Revenue Gap

— Flat rate models for wireless broadband increase the
demand for bandwidth but do not increase revenue.

— Cost is roughly proportional to bandwidth
* Energy Consumption
— Energy consumption of the ICT industry is roughly 2%
— Communication is increasing rapidly
— Energy cost is also increasing
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Communication Systems
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Analog Communication System

_Source .Of > Slgnal_ »  Modulator > RF-Stage
information Processing

Channel

Informatlon « S|gnal_ « Demodulator | RF-Stage
sink Processing
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Digital Communication System

Source of Source Channel Digital
information || Encoder [*| Encoder [*| Modulator [ Modulator — RF-Stage
Channel

Information Source Channel Digital
sink ] Decoder || Decoder [|Demodulator [F]PeMOduIator— RF-Stage
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decibels

 The belis a logarithmic unit of power ratios. One bel corresponds to an increase
of power by a factor of 10 reIatlve to some reference power, P,

Fbeny = |0910'/ ﬁ
k ref |

« The bel is a large unit, so that decibel (dB) is almost always used:

« The above equation may also be used to express a ratio of voltages (or
field strengths) provided that they appear across the same impedance (or
in a medium with the same wave impedance):

Vi) = 20|0910|(_d/| )

Www.lBMinKaLt.com [Saunders, 1999]



decibels

Unit Reference Power Application
dBW 1W Absolute power
dBm 1 mwW Absolute power
P [dbW] =P [dBm] - 30
dBuV 1uVv Absolute voltage, typically at the input
terminals of a receiver
dB any Gain or loss of a network
dBuV/m | 1 uV/m Electric field strength
dBi Power radiated by and isotropic Gain of an antenna
reference antenna
dBd Power radiated by a half-wave Gain of an antenna

dipole

0 dBd = 2.15 dBi
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CDMA

Frequency reuse

_arge coverage

igh spectrum capacity

igh Privacy

Soft Handoff

Good Voice quality (using Voice
Coding)

Perfect Power Control

Smooth migration to 3G
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