Background and Preview

[1 The communication process

[ Primary communication resources
[1Sources of information

[1Communication networks
[JCommunication channels

[1Modulation process

[1Analog and digital types of communication
[1Shannon’ s information capacity theorem
[JA digital communication problem
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The communication process (1/3)

[

N .

[] information
[1Message signa
[1Symbol Message signa
[1Encoding

Transmission
[1Decoding and reproduction  Origina symbol
[JRe-creation Original message (degradation) ..
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The communication process (2/3)
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O Transmitter message signal
OChannél Distortion; Noise and interference
[JReceiver Received signa (corrupted
transmitted signal)—> original message signal
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The communi cation process (3/3)

[]

[JBroadcasting: Single transmitter, numerous
receiver, one direction;

[JPoint-to-point communication: A link between a
single transmitter and areceiver, usually
bidirection;
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Primary communication resources (1/2)

[

[ Transmitted power and Channel bandwidth
O Transmitted power: Average power of transmitted signal

[0 Channel bandwidth: Band of frequencies allocated for the
transmission of the message signal

[ Communication Channel

( )

[ Power limited
O0Band limited
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Primary communication resources (2/2)
0
O ( )
U 10 kHz, 100-600 Hz, 300-3100

W
O

[0 SNR=average signa power/average noise power
U dB (decibel) = 10 log,, (power ratio)
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Sourceﬂswof Information (1/8)

N
[1Speech, Music, Pictures, Computer data
[1Signal: afunction of time
[0 One-dimension: speech, music, computer data
[0 Two-dimension: pictures

O Three-dimension: video data
O Four-dimension: volume data over time

[1Speech
[0 speaker listener : Production
(Filter) Propagation Perception
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o ources of Information (2/8)

[IMusic
[ Melodic Harmonic
[1Speech signal Music signal bipolar
[ ( 15kH2z) channel bandwidth

[1Pictures. Dynamic (TV), Static (Fax)
[JTV: camera sequentially scans the picturesin
motion to converted them into electrical signals.
OVideosigna ( TV): > >
> .
[J Raster ( ) scanning:
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Sources of information (3/8)

W frame=525 interlaced fields (262.5* 2)
O Horizontal retrace, vertical retrace, persistence of vision
0 30 frames (60 fields)/sec, so line-scanning freq=15.75 kHz

O Blanking pulse, Blanking periods (synchronization)
Start of field |

Start of field 11

End of field | End of field 1l 0-9/45

Sourc&sof Information (4/8)

O ( )
0 ( )
O channel bandwidth

ONTSC video bandwidth=4.2 MHz
[JSignal unipolar (positive)
0 Color TV: R(570 nm), G(535nm), B(445nm)
0
O (m,(t), 4.2 MHz)
O (my(t) 1.6 M, my(t) 0.6 MH2)

[JFax scan - sensor ( )
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Sourcesﬂof Information (5/8)

[1Computer data

LASCII
07 bits,
O Error detection: parity bit (odd or even)
[0 RS-232: start hit, stop bit, 1(low, mark), O(high, space)
[0 Transmission: asynchronous, synchronous

(0 Multiplexer, Modem, wide-band signal, bursty vs
continuous
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_ources of information (6/8)

[JCompression: download, encoder and decoder

[ Lossless: data compaction, redundant

O Lempel-Ziv agorithm: for text, lossless, 55% compression
rate, entropic (source) coding

[ Lossy:
O

0 JPEG image coding standard:

OPixel 8x8 block, DCT (discrete consine
transform) 64

ODCT uncorrelated

O ( ) 8 bits,

many-to-one mapping 0-12/145



Sources of information (7/8)

O Huffman coding:

O Huffman decoding, dequantization,
inverse DCT
0 MPEG-1/video coding standard: 30 frames/s, 1.5 Mbps
O redundancy: Interframe

(temporal) redundancy, Interpixel redundancy within a frame,
Psychovisual redundancy, Entropic coding redundancy

O Interframe redundancy: MPEG JPEG ,
highly related variance (average
power)

O Interpixel redundancy: MPEG DCT, quantization,
lossless entropic coding

0 Video-on-demand on the I nternet: MPEG AV
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Sources of information (8/8)

0 MPEG-1/audio coding standard: perceptual coding, waveform-
preserving process

O Time-frequency mapping: subband

O Psychoacoustic modeling:

O Quantization and coding

O Frame-packing

O Auditory masking: masking threshold noise
O Minimum masking threshold:

O 768 kbps (48 kHz, 16 bits) = 16 kbps
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Commur)i’ cation networks (1/8)

[1(Communication) Network
[ router hosts router

Boundary
of subnet

Hosts 0-15/45

Commur@)‘i\/cati on networks (2/8)

(1 Telephone network: circuit switching
[ Dedicated communication path, circuit, links

O Call request:

0 Transparent: disconnected
O

O Circuit switching: fixed allocation basis
Packet switching: demand basis
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Communication networks (3/8)

i

[1Packet switching: store and forward

[ Message - Packet
[0 Network resources shared dynamically by hosts

computer communication control

[IData Network: computers terminals
[ Layered architecture: layer system

(] Designer

layer User(
black box

[0OSI reference model
[J Layer (level), Interface,

[J Layer k protocol: rules  conventions
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Communication networks (4/8)

"1™ D Entity, Peer process,

Physical communication,
virtua communication
Presentation

Layer 7 protocol

Transport

protocol

Layer 2
___protocol [ pata fink
control

Physical

Physical 'l Physical

Physical tink
Subnet node System B

0-18/45



Communication networks (5/8)

[ Internet: Hosts, Routers,
Subnets

[l
UHost:
U Router:

Subnet: host

Hosts Hosts

Communication networks (6/8)
[JLayered protocol
B O Internet protocol (1P):
| AP _ | | AF | " network layer,

[ Teprpe ToPIp TCRUDR wepoe. addressing
) " O Router:

IF I I [ T4 | L]
[ ___ ‘ | routing table, routing

' | protocol
H \_( )J \_( )J (] Best effort service:
Bushnet 1 Submet 2 Subeet 3

AP Bl il nd piloesi
TCP: Trarsmission contesd proiocsd

UDF: User datagram peobocal
1P: Inbamet protoco
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[1 Broadband networks (B-1SDN)
0

[ ATM

0 ( VoD) (
cell)

O Not synchronous ( )
U
O (

Communi cation networks (7/8)

)

QoS (cell lossratio, cell delay, cell delay variation)

[0 B-ISDN (ATM) QoS vs. Internet

best effort service
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Communication networks (8/8)

JSONET: B-ISDN
W TDM,  synchronous (

)

[0 Frame: 810 bytes/125 nus=51.84 Mbps

(0 8 k-sampling rate

[ Byte-interleaved
Level* Data Rate {Mb/s)
0C-1 51.84
0C-3 155.52
0C-9 446.56
0C-12 622.08
QC-18 933.12
0C-24 1,244.16
OC-36 1,866.24
0C-48 2,488.32

*QC stands for optical carrier level,

datarate
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Communmi cation channels (1/7)

[ : Guided, Free

[1Guided propagation

(] Telephone channels: circuit switching,
transducer (20 - 8000 Hz)
[ Speaker: Microphone; Listener: Moving coil receiver
O Bandwidth-limited channel:

( 300-3100 Hz)
O Insertion loss=10 log,(P/P,) P Power froma
sourcetoaload P, P channel
O Envelope delay: ®

O Dispersive nature

Communi cation channels (2/7)
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Insertion loss (dB)
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g PVC
g 2-12 90-110 ohms
0 EMI
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Commun%iA cation channels (3/7)

[J Coaxid cables:
O
50-75 ohms
O EMI
20 Mbps 10 Mbps (?)
O multiple-access media

OLAN (local area network)

O CATV (cable-television, community-antenna tel evision)
system, headend CATV

(I Optical fibers:
O Core, cladding layer silicaglass, jacket

g ( 2x10%Hz, 1/10) (01
dB/km)  EMI ( )
Communication channels (4/7)

[JFree propagation
0 Wireless broadcast channels:
0 ( )
O Transition or matching unit (
)

O
O
O

O link
O (superheterodyne): IF (intermdeiate

frequency) band detector
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Communiﬁcati on channels (5/7)

1

[0 Mobileradio channels

mobility
O Mobileradio: ( )
O mobile unit
O
multipath phenomenon
O

linear time-varying channel
0 Satellite channels:
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Communl cation channels (6/7)

1

[ Geostationary orbit: 22300 miles,

O

O
( )

O Earth station, uplink, transponder, downlink
O repeater 4/6 GHz

O

( 1-10 GHz )
O 500 MHz 12 36 MHz

1200 50 Mbps
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Commup“iA cation channels (7/7)

U
O
O wireless radio channel
( )
O mobile radio channel
O
Modulation process (1/3)
1 Modulation Demodulation
[ (modify)
]
O
O
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M odu‘lw‘ati on process (1/5)

N
[]Continuous-wave (CW) modulation: carrier
[JPulse modul ation:
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M odqlﬁJati on process (2/5)

[J Continuous-wave (CW) modulation:
[J Amplitude modulation (AM):
[1 Angle modulation:
[1 Frequency modulation:
[1 Phase modul ation:
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M odu‘lwati on process (3/5)

[1 Pulse modulation:
U
O Pulse-amplitude modul ation (PAM)

[ Pulse-duration modulation (PDM)
0 Pulse-position modulation (PPM)

[ Pulse-code modulation (PCM)
O PAM > ( ) > ( binary symbols)
0
u C )
Modulation process (4/5)
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M odu‘lwati on process (5/5)

[ Frequency-division multiplexing (FDM)

N Cw

N

[ Crosstalk:

[0 Wavelength-division multiplexing (WDM):
0 FDM ( color)

[ Time-division multiplexing (TDM)
[ Pulse modulation
O

[1Code-division multiplexing (CDM)
O
O
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Analog and digital types
of cqﬁr*nmunication (1/4)

0 ( )
[] / >
9
O
[l
Il . Source encoder-decoder, Channel

encoder-decoder, M odul ator-demodul ator
O Source encoder
source code word

0O Channel encoder

channel codeword source code word
0-36/45



Analog and digital types

Souree of Message signal

information

Transmitter

of communication (2/4)

Estimate of

message signal User of

information

_____________

Estimate of
source
code word

Channel

Receiver
decoder

Estimate of
channel
code word

Demodulator

Waveform

Channel

d
signal

Analog and digital types

of communication (3/4)

O channel code word symbol
waveform
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Analog and digital types
ofcommunl cation (4/4)

0 40dB
0 CW
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Shannon’ s information
~ capacity theorem (1/2)

[]
[ (
)
[1Shannon’s Information capacity theorem
O 0BER

OBER (bit error rate):
BER( probability of bit error)

acC :
bit per second (b/s, bps)
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Shannon’ s information
capacity theorem (2/2)

1Information capacity theorem: C=Blog,(1+SNR)

B SNR
[ signdingrate(b/s)R C
O C
0 B SNR C n=R/C
O B SNR
O
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A digital communication problem (1/4)

O ()
O
O
0
[0 Random binary signal m(t)=1 or O ( ) 1
+1 0 -1 T
O phase-shift keying Accos(2nft), f, LT
forO<t<T

S(t) = A cos(2xf .t) for symbol 1
" |- A cos(2#f.t) for symbol 0
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‘A digital communication problem (2/4)

Message Transmitted Transmitted  * Channe! cutput
signal mir) signal s(n signal s{r) (received signal) x{r)
+

Carrier wave Noise
A cos (2nf,.0) win}
(] distortionless but noisy X(t)=s(t)+w(t), w(t)
additive channel noise
(] . correlator + decision making device
O Correlator:

+ A. 1 2+wy for symbol 1

.
yr= Io X(t) cos(2rt)dt = {—A:/2+wr for symbol 0
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A digital communication problem (3/4)

Correlator
Tt I T
, | T | ¥r DeciSion- |wei= Say 1 if yr» 0
Searng = it || making 7

! 0 | device | Otherwi
| | — Otherwise, say O
| I |

Local carrier

cos (21,0 Threshold = 0

CODecisio-making device: y; 0 1 0
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A digital communication problem (4/4)

W
O pulse time-bandwidth product uT
fC
12
O m(t), UT (signaling rate)
U
O
Ow;  random variable W, realization w(t), t=T W
channel noise
O
U
O
O Shannon’s
theory
O carrier phase, symbol timing
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