Physical layer




Overview

e Physical layer is responsible for transmission
of a stream of bits
Put bits from a machine to a medium
Pick bits from the medium give to receiver

e Some issues

Medium

Line Encoding: representing the digital logic
levels using the physical attributes associated
with the media.

Multiplexing



From signal to packet
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(a) General block diagram

Workstation Modem Modem Server

Public Telephone Network

(b) Example



Data Communication networks

Trans-

Sourc .
urce mitter

Trans-
mission
System

Wide-area
network

node \\

’
7 Local area
network

Receiver

Destination

Figure 1.3  Simplified Network Models
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Media

e Wired
Twisted Pair
Coaxial Cable
Fiber Optics

o Wireless
Radio
Infra red
Light




Twisted pair

(a) Category 3 UTP.
(b) Category 5 UTP.



Evaluation

e Cheap, simple
e Widely used
e \Weak resistance to noice

e Short Transmission
distance

Need amplification after
each 5km in analog
transmission

In digital transmission

Need repeater after each 2
Kkm

Limited speed (100MHz)
Noice



ll. Coaxial '

Insulator
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uter conductor
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Impedance Use
75 Q Cable TV
50 Q Thin Ethernet
50 Q Thick Ethernet

@lner conduc tOD

Plastic cover

Category
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Application
e Using in TV transmission e For digital transmission
e For transmission of Repeater should be
telephone signal used after each 1km
10,000 calls in the same More repeater is needed
time for high speed
Is being replaced by fiber transmission
optics

e Linking the computers of the
short distance

e LAN 10BaseT, 100BaseT,
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Optical fiber :

Sheath S Jacket

Core
(glass)

Cladding Jacket
(glass) (plastic) Core Cladding

(@) (b)

(a) Single core
(b) Cable with 3 cores
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Optical fiber transmission T
mode

Cladding

Sender 'W‘ Recetver

Cladding

‘ Mode |
‘ Multimode I ‘ Single-mode I

‘ Step-index I ‘Graded—indexl

13



Optical fiber :

A
T N\

Source Destination

a. Multimode, step-index
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Destination
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Source

b. Multimode, graded-index
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Destination
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Application of optical fiber

e Used for long distance e Advantage in

transmission comparison with other
e Used for cables

communication in Large data rate

metropolitan networks Small and light cable

e Used for connecting Low attenuation
Better isolation from

routers of ISP .
, electromagnetic
e Used in backbone part environment

of a LAN Large distance between
repeaters (10km)
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Wireless media

e [errestrial microwave

Used for metropolitan connection, for cellular
network

e Microwave satellite

Used in TV, Long distance telephone
communication

e Radio broadcast

e Infrared

Small scope, low data rate, unable to travel
through the wall 16



Wireless media

e Microwave: 1GHz dén 40GHz
e Radio: 30MHz dén 1GHz

e Infrared: 300GHz dén 200 THz
e Antenna: wireless transceiver

17
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Data encoding

e Use different discrete signal, different voltage level
for representing bit 0 and 1.

e Data transmission should be synchronized between
sender and receiver: clock synchronization

e Encoding could be performed by bit or by a group of
bit e.g., 4 or 8 bits.

e There are many way to represent 0 and 1 2> See
data transmission technique.
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Topology

e Point-to-point
o Star
e Ring
e Mesh
e Point-to-multipoint
e Bus
e Ring
o Star

(a) Point-to-point

(b) Multipoint
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Point -to-Point

Intermediate
Telephone End Toll switching Toll End Telephone

ﬁ office office office(s) office office H
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Point-to-multipoint
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Transmission methods

e Simplex: Data is trasmitted in one direction

e Full Duplex: Data can be transmitted in both
directions in the same time

e Half duplex: Data can be transmitted in both
directions but one direction at a time.

- Send or receive Py i
(A)—= »(B)  Simplex

e send and receive - (B
Ih-ﬁ“j Only one way at a tme \B) Hali-duplex

=end

>
receive \B) Full-Duplex
aimultanecusly

&)
Fs
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Transmission format

e Sequent transmission: Transmit 1 bit at a moment (over a signal
line)

e Parallel transmission: Trasmit multiple bits in the same time (over
multiple signal lines)

1

0
1010 A B
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Medium interface

e Data terminal equipment (DTE)
Have data to transmit but has no feature for transmission

Need an additional device for accessing the media

e Data circuit terminating equipment (DCE)
Transmit bits on the media

Transmit data and control information with DCE through
connection the media

e Need a clear interface standard between DTE, DCE

25



DTE-DCE :

Signal and
control lines
/ Bit-serial
transmission line

(or bit-scrial
Digital data . | Transmission f| interface to network) | Transmission . Digital data
transmitter/ . line interface line interface : transmitter/
receiver | device device receiver

Data terminal Data circuit-terminating
equipment (DTE) equipment (DCE)

{a) Generic interface to transmission medium

EIA-232
— V.24 interface

(b) Typical configuration
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Media interface

e Mechanism

Define the form of the interface, number of pins for assuring the
interfaces match together

e Electrics
Define the level of voltage to be used
Define the length of pulse (frequency)
Define enconding method

e Functionalities
Functionality of each pins

There are 4 groups of pins: data, control, synchronization,
ground

e Procedure
Lists of events to perform for transmitting data
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Example: EIA-232-E/RS-232

e Define for serial communication
e Mechanism: ISO 2110
e Electrics: V. 28

e Functionality: V. 24
e Procedure: V. 24

28



Example: V.24 [EIA-232-E

. Shield Received Clear to Signal Reserved Unassigned Secondary
e Mechanic:
R 5
] “egm;; Sec. reed.
Transmitted e ) DCE Rec'd line Reserved line sig.
1 data md;‘_ or Ready sig, detector for testing detector/
. O r p I n S receiving

rate selector

e Transmission distance 15m 5 (L 5006 d!,) oNoNoNoNo d:;

e Electrics

® OO
o Digital data @??????@F@P@P@?@F
o 1=-3v, 0=+3v (NRZ-L) o | wes | Sy | o | Do Tt

Signal quality
timing timing send detector

e Data rate 20kbps R o S o NG SR W i
e Transmission distance<

data data
1 5 m Figure 6.5 Pin Assignments for V.24/EIA-232 (DTE Connector Face)

| Data signal

29



Data Encoding

Introduction

Encoding digital data to digital signal
Encoding digital data to analogical signal
Encoding analogical data to digital signal
Encoding analogical data to digital signal

30



Fundamental concepts

e Objective

Transform the data into
some signals that is
suitable for transmission
media

3/23/21

4 forms of encoding
digital data to digital signal
digital data to analogical signal
analogical data to digital signal
analogical data to digital signal

31



1. Digital data- Digital signal

e Data unit: 1 bit
e Digital data is a digital signal
Each pulse is considered as a signal unit.
A signal unit can be considered as 1 bit
e Data encoding: mapping data to signal
e Set of mapping is called Encoding scheme
e Mark:1, Space:0

3/23/21
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Line encoding method

e NRZ e Phase encoding
NRZ-L,NRZI Manchester

e Bipolar Manchester vi sai
.Bipolalr alternate mark
inversion

Pseudoternary

3/23/21 33



NRZ-L Non Return to Zero Level

e During bit time, signal does not go back to O level
e Signal level is not changed during bit time.

e NRZ-L Non return to zero level
Bit 1 signal is in low/high level
Bit O signal is in high/low level

NRZ-L

NRZI | | | | | |
3/23/21 | | | | | | E 34




NRZ-l Non return to zero invert

e Bit O: signal level is not changed at the begining of bit time
e Bit 1: signal level is changed at the begining of bit time

e A differential encoding method :
o 0 and 1 represent by the signal level change, not by the level itself.
e Reliable/ simple.

NRZ-L

NRZI

3/23/21 I 1 1 1 1 1 1 1 1 1 35



Line encoding consideration

e Two aspects should be consider in any encoding
methods:

Clock recovery on receiver side: If the clock recovery is
not ideal, then the signal to be decoded will not be sampled at
the optimal times. This will increase the probability of error in the
received data.

DC-component: Directed Current vontage

component.

DC-component makes recepter mistakenly detect level of
signal

Encoding should avoid DC-component by having signal mean
altitude to be around 0.

36



NRZ

e NRZ Advantage

Simple, utilise the maximum capacity of the line

e NRZ Weakness
NRZ does not contain element supporting clock synchorization
Example: when sending a suitof 1 or O

Contain DC-component when sending a suit of 1.
e Application

Encoding data on magnetic storage
Not popular in data transmission

3/23/21 37



o00
000
L X J
O
Bipolar AMI
e Use more than 2 signal level for 1 bit
e Bipolar alternate mark inversion
0 : No signal
1: Presence of signal. Two consequent 1 have two different signal
levels
e pseudoternary
1 : No signal

IO ; F:resence of signal. Two consequent 0 have two different signal
evels

3/23/21 38



Bipolar-AMi

Bipolar-AMI
Pseudoternary

39
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Bipolar AMI

e DC component =0

e (Good synchronization when there are many bit 1(0),
lost of synchronization when there are many bit 0(1)

e 3 possible signal levels for 1 bit:
Not optimal in using transmission line.
Receipter needs to distingush 3 levels of signal

3/23/21 40



Biphase: Manchester

e Manchester: Always change signal level in the middle of bit
time
Bit 1: Signal change from low level to high level
Bit 0: Signal change from high level to low level

Level change provide synchonisation mechanism.
e Differential Manchester:
0: signal level change at the begining of bit

1: no signal level change at the begining of bit

Always change signal level in the middle of bit time for
synchronization purpose

3/23/21 41



Manchester encoding

Binary encoding

Manchester encoding

Differential
Manchester encoding

\ Transition here \ Lack of transition here

indicates a 0 indicates a 1

3/23/21 42



Manchester encoding :

Manchester Encoding

bit sent j

0 1 0 0 1 1 0 1 0 0

signal e —

fﬁ?/////////

Differential Manchester Encoding

mg9/////////

3/23/21 i 43




Units in transmitting digital

data in digital transmission :

Term Definition

Data unit bit A single bit, Value 0 or 1

Data rate bit/s Rate transmitting bit

Part of the signal correspond to
Pulse the smallest duration of a
Signal unit a sinus symbol

Number of
Symbol rate/ Rate symbol/s Number of symbols generated
of modulation (baud) in a unit of time

3/23/21 44



Encoding rate: Baud rate

e Number of symbol changes, waveform changes, or
signaling events across the transmission medium per
unit of time

e Unit: Baud/s = symbol/s

Minimum 101010, Maximum
NRZ-L OalOsor1s) 1.0 1.0
NRZI 0 (all 0's) 0.5 1.0 (all 1's)
Binary-AMI 0 (all 0's) 1.0 1.0
Pseudoternary  J 0 (all 1's) 1.0 1.0
Manchester 1.0 (1010..) 1.0 20(al0sor1s)
Diff Manchester § 1.0 (all 1's) 1.5 2.0 (all 0's)

3/23/21 45



Line encoding oitiol0

NRZ-L

NRZI

Bipolar-AMI

(most recent
preceding 1 bit has
negative voltage)

Pseudoternary |

{most recent

preceding 0 bit has |
negative voltage)

Manchester | E

Differential | | E | | | |
Manchester 4 @ LJ L]
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2. Dieu cheé so-lién tuc

e Vi du: truyén sb liéu thédng qua hé thdng dién thoai
Hé thong dién thoai truyén, chuyén tiép tin hiéu dién co tan s6 300Hz
dén 3400Hz
Tai nguon va dich, di¥ liéu so can dwgc diéu ché thanh tin hiéu lién tuc
dé truyén trén dwong dién thoai
e Can clr vao tinh chat cuda tin hiéu, chung ta c6 3 ky thuat diéu
ché
Piéu ché khoa dich bién dd
Piéu ché khoa dich pha
Piéu ché khoa dich tan sb

3/23/21 47



Piéu ché khéa dich bién dé (ASK)

e 0Ova1tuwong rng voi hai

bién do tin hiéu, thdng S(t) = Acos(27 ft) cho 1
thwong mot trong hai bién 0 cho 0
do=0

e Dé bi anh hwdng béi nhiéu
(1200bps cho dwdng thoai)
e Kho dong bd

e Thwong dwgc dung trong

cap quang (LED hoac laser MM ,V\j [\/\j

3/23/21

(ASK)

48



Di
ta

3/23/21

éu ché khéa dich
n sO (FSK)

Hai gia tri nhi phan dwoc
biéu dién b&i hai tin hiéu tan
s6 khac nhau

Vi du vé diéu tan song cong
Ty suat 16i thap hon

Dung trong truyén so liéu
qua dwdng dién thoai (tan
sb thap), hodc trong mang
khéng day (tan s6 cao)

(1) = lA cos(2fy1)

o A cos(27f51)

Figure 5.8 Full-Duplex FSK Transmission on a Voice-Grade Line



Piéu ché khéa
dich pha (PSK)

S(f) = [A cos(2nft + =)  binary 1
A cos(2afL) binary ()
, , - . 4n A cos(2nf.t + 457) 11
e 0,1twong trng voi hai do A :os%zr}f‘.( +135%) 10
l&ch pha khac nhau SO =0 A cos@afe + 2259 00
e 0,1twong rng v&i chuyén A cos(2aft +315°) 01

pha (VI sai)
e Co thé st dung gidi thong
mo&t cach hiéu qua hon khi
ma hda cung luc nhiéu bit
e Co thé két hop va&i diéu bién MR
e Néu toc do dir liu 1a 9600 i
bps, tbc d6 diéu ché 1a ?

" (PSK)

3/23/21 50



Két hop v&i dieu bién

— 9,600 bps modem (2,400 baud x 4)

IHE|
TH11 ]
™
{HE]
|HEN
.
Phaze-reference

———————————— i l;‘i-E“;j]

(previous 4 bits)
1K -
LY LK)
/‘ | \
] | | i ™
il i1
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Diéu ché
so/lién tuc

3/23/21

(a) ASK

(b) BFSK

(c) BPSK




3. Dieu ché dir liéu lién tuc- so

e Diéu ché di¥ liéu lién tuc thanh di¥ liéu sb, sau dé
Piéu ché thanh tin hiéu sb
Ma hoa tryc tiép bang NRZ-L
S dung phwong phap ma haa tin hiéu sé khac
Diéu ché thanh tin hiéu lién tuc
S dung céac bién phap diéu ché sb-lién tuc da hoc
e Co hai phwong phap chinh diéu ché di liéu lién tuc thanh di liéu sb
Diéu ché ma xung
Piéu ché Delta
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3/23/21

ieu ché ma xung (PCM)

Pulse Code Modulation

Lay mau tin hiéu dwa trén dinh

luat 1dy mau cdia Shannon

o Néu tan s lay mau >= 2 lan tan
sO (cd y nghta) cao nhat cua tin
hiéu, phép lay mau bao toan
thdéng tin cda tin hiéu

e Vd:Tiengnoitansotoida
4300Hz, can lay mau vé&i tan so
min 8600Hz

Tién hanh theo hai buéc

o Lay miu (PAM)

e Lwong tr hoa

(a) ()rig:inal signal

1
I
I
|
I
|
|
I
1
|
I
1
|
I
|

5.9

-

—_——]T T T T T
»~
2

(b) PAM pulses

0 Ik
011 001 110 001 011 110 100
(c) PCM pulses
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Diéu ché delta (Delta 3
Modulation)

e S{ dung ham bac thang
o Khi ham sé tang, xung=1
o Khi ham sbé gidm, xung=0
e Tbng quat
o Biéu dién gia trj cia dao ham theo bit

e Tham sb

e Bacthang

o Tbc dolay mau
e Sai Sé

e Khi tin hiéu thay déi cham: nhiéu lwong tor
o Khi tin hiéu thay di nhanh: nhiéu tran
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Staircase
function

Analog
input

A

56

Quantizing +——

noise

Slope
overload
noise

Signal
Amplitude

—|ef

size

Delta
modulation
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Dir lieu lién tuc
tin hiéu lién tuc

o K&t hop tin hiéu m(t) va song
mang co tan s6 Fc thanh mat tin
hiéu tap trung xung quanh Fc

e Cho phép chuyén tin hiéu trén
mot tan s6 khac phu hop voi
kénh truyén

e Cho phép don kénh bang cac tan
s0 song mang khac nhau

e 3 phug’ng phap chinh dwa vao
dac diém cua tin hiéu
o Diéu bién
o Diéutan
o Diéu ché gbc pha

3/23/21
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Piéu bién

e Bién ddi bién do song
mang theo dau vao

e Néu dau vao ciing 1a hinh
Sin
o Tin hiéu dau ra sé co hai
thanh phan l&éch v&i tAn sb

sQng mang, mot khoang
bang tan so dau vao

o Na<1 diéu bién hop lé&
Na>1 méat thong tin

o Glal thdng=2 lan giai
thong dauvao ‘

e Diéu bién moét chiéu: 1 lan
giai théng

3/23/21

s(t) =[1+m(t)]Jcos2 ft

m(r) "l(f) = ',l_l'\-( {)

/E’
5(1) -H 1
UN

u\ D“u ,J— ’ \J\ L_J, )
/. nz"‘
(b) Resulting AM signal H = Rl[l - F;’.[
M(f) S(f) _ _
N N Discrete carrier term
Lower
sideband Upper
sideband
0 B f 0 f-B f f+B  f
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Bai tap-01

e Biéu dién cac tin hiéu ma hoa chubi di¥ liéu
sau day bang cac phwong phap ma hoa da
hoc

11000000 00000010 11001101 01010101
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Bai tap-02

e D liéu ma hda bang ma manchester (khéng

vi sai) cho tin hiéu
e Xac dinh thoi gian cua tirng bit
e Xac dinh d¥ liéu ban dau

3/23/21
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Bai tap-04

e Biéu dién phwong phap
diéu ché pha-bién dé
sau bang cong thirc

e Toc dd Ky hiéu la 2400
baud. Téc do dir liéu la
bao nhiéu?
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