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Logarithmic Units (dB)

* When measuring a physical magnitude, we have to provide two pieces of
information: a quantity (typically a number either integer or real) and the units. For
example, when measuring the diameter of a tennis ball, we provide de number 6
but also the unlts (centlmeters) In th|s example the meast tc

~diameter of e -' L e
measureme

ay be 60

« Obviously tF

hen

For exe
scale to acco
negligible (cero), b
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Logarithmic Units (dB)
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Logarithmic Units (dB)

* Advantages of the usage of Logarithmic Units ,
- — Main advantae of the usage of Logarlthmlc Unlts s the ablllty
| represent evanzt Jﬁﬁ?l ignitudes within relativ y v |

i
pre |; gures. ( i

Telecommunicatio



Logarithmic Units (dB)

+ Logarithmic Units used in E
- dBW: to me:

note that obviously

e units can be also read as “de
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Logarithmic Units (dB)
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Logarithmic Units (dB)

 Side Notes about dB’s

— Usually we note natural units with lowercase leters, and logarithmic units \.:apital
leters |

~ 0 dBW means 1w of power — beginner mistake is to consider Oc
10"091 \ : 3 L Sty L

ey S

Power expre
- log(10( )
~ Positive defin
e case of th

! |
correspa

example to comg |
passes through and amg |

Pampliﬁcada(dBW) =10 - /Og(1 W) + I
careful with the addition of mag
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Logarithmic Units (dB)

« Among many other applications in engineering, logarithmic units a_llb
applied to compute available powers along a transmission chain.
evolution of the S|gnal power along the transm|SS|on chain depends or

cable tte fa ain,
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Pfinal (dBW) = F

The actual calculus may be
are usually expressed in dBE
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Quality of Service (QoS)

« ltis not only about sendlng mformatlon from one sQ to
other l? do ng it v wit mi ni qq_._gs of quality — as any

' "r*r»
other en g te ”[ |

rele
Inf atio
" transmittec
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Quality of Service (QoS)

What ent?
- Characteristics "
pe of ir

Redundanc
Bandwidth (Tx rate)
nsmitted power
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Quality of Service (QoS)

— Non-Linear B
namic Range
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Analogue vs Digital Transmission

* Analogue
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Advantages of the Digital Systems

 Simplicity
LA ¢ Integration of multiple systems
» Source independent

Bl - Easier multiple access

; R
# | .
A

x ‘

|

S - Convergence of multiple systems

~ Factors BT

ECO nom | C » Derived of above factors
F aCtO rs » Repeatability and scalability
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Switched Communications Networks
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Simple Switching Network
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Switching Nodes
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Circuit Switching

and how t0'@
connection.
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Circuit Switching Properties

» Inefficiency
— Channel capacr[y is dechcated for the whole dur_ '

H - -:.—l

e

— For voice ¢
percentage of U
the other is talking.

ut data connections®
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Public Circuit Switched Network

Long-distance Long-distance
office office
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Connecting Trunk
\ Digital PBX
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Packet Switching Principles
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Basic Operation
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B LO C .'[ f

_ Each pa

— On each swi :
buffered) and passed©

Telecommunicati



Application data
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Advantages of Packet Switching

Line efficiency

— Si gl"—to @"'-:1
packets o *

Priorities car

— On each node, s |
first. They will experience
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Packet Switching Technique
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Virtual Circuit

. In Vlr u '..'r..jl.“-;'-;_- :
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Virtual Circuits v Datagram

* Virtual circuits

M

itagre
— No !'
« Good for!| ,
— More flexible ',
* If a node fails, packets
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The Communication Process
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The Communication Process

Output transe
- _message has to be |
man senses: sound, Imag
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The Layers of Communication

« How can we design such a system?

Share the Reduce the
Channel Cost
e Access to ’ “
| | jicule . thephysic2"  Distinguish Gl
] |£ packets L different sources
| ~  Provide _and sessions
e Chop info into Security |
smaller pieces # Find
L o~ Reduce destination
~4 ! Filterout  Tx power Compress

noise A" info

Repair errors
|dentify use. P

s are quite complex
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The Layers of Communication: systems

complexity

Subsection Part Description Part SupplieriPart Details Co"{';‘::em
Applications Processor Sam=ung A4 APLO3SE 45nm, PoP 51075
L : SDRAM, 4GE Mobile DOR, PoP Sam=ung
Applications DRAK Memory KAXKGE430B (Samsung dies. 2 x 26b) £13.20
Etoveasur Mizc. Applications Procezsor
' Dizcretes, Pazsives, etc. 20,50
Components
Samzung NAND Flash 16GE MLC -
Memory e KSHDGOBUSH-LCRO R
Mizc. Memory Components Dizcretes, Pazsives, ete. £0.30
Infineon 33753833
fo HSDRAHSUPANCDMAEDGE e
Transceiver Infineen 33850626 Quad-Band GSM/Edge 5233
’ Intel (Numony=x?} MCP 128ME NOR Flash +
Moo 128Mb Hobile DDR (DDA is Elpida) 220
Power Mgmt, nia
Skyworks SKY77541-32 Tranzmit Module . N
PANM Quad-Band GSW/EDGE PAM + Antenna RS i
% Costs below>
Switch
_ Bl Skyworks SKY77455-17 Tranamit Module  =included in Mizc.
Radio Single-Band WCOMA/HSPA PAM + Duplexer Costs below:>
Frequency B Skyworks SKY77452-20 Transmit Module  <included in Misc.
Single-Band WCDMAHSPA PAM = Duplexsr Costs below=
e TriQuint TAMETE081 Tranzsmit Module zincluded in Misc:
Single-Band WCDMAMHSPA PAN + Duplexer Costs below>
TriQuint TQMEEE052 Transmit Module cinelided in Mise.
PAK Single-Band WCDMA/HSPA PAM = BAW
Costz below=
Duplexer
FEK nia
: =included in Mizc.
SAW Module Murata Coste belows
Mizc. RF Components PAldz, Modules, Dizcretes, Passives, efc. 28.25
Power Hain Pil Devics E‘lgaI:tg O1ME&15A 33850867-A4 Nain Pwr 2202
Mool Misc. Power Mgmt. Dizcretes, Pazsives, etc. 21.590
Broadcom BEM4329 Module WLAN
WIFVBT 02.11a/bigin, Blustooth V2. 1+EDR, S7.80
Connectivity FM/RDS/RBDS Revr
GPS Broadcom BCM&7S0 $1.75
Mizc. Connectivity Compenents Dizcretes, Pazsives, ete. Z0.20
Touchzcreen Controller Texas Inztrumentz 34350495 (FT81588C) $1.23
Audio CODEC Cirrus Logic 343505685 (CLI148580) 15
e E-Compaszs AR AKBSTS 3-Axis Z0.70
S EReAtS Accelerometer ST Wicro LIS331DLH 3-Axis 8065
Gyrozcope ST Wicro L3G42000D Digital 3-Axis 5260
i PO RS RTEL Discretes, Passives, sic, £3.50
Components
Bk 35" Difg. I__TPS LCD, 850x540 Pixelz LG {or 23350
pozs. TMD}
- o o Capacitive Glazs, "Reinforced™
Display/Camera Touch Screen Wintek or TPK/Balda 10,00
Camera SMP Auto-Focus 975
Camera (2econdary) VGA Auto-Focus £1.00
Battery Battery 1400m&h S5.80
Mechanicalz Enclozure, Metals, Plastics, Hardware, etc. 310.60
. . Other Electro-Mechanicalz PCBs, Acoustics, Connectors, ste. 314.40
Te1eC0mmunlcat10n SYStemS Fun Misc. Accessories, Literature, Box Contents 35.50
TOTAL ] $187.51

*Teardown o

it only for componss

=ing fees

nd do ot include other expen. zuch &3 menufecturing,

h-____
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Functional Block Diagram of Analog
Communications link

it
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Source | i | Transceiver | =
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Modulator | = | Amplifier Antenna
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Wavelength  Frequency Transmission Propagation Representative Frequency
designations media modes applications
/ \H_____/
Ultraviolet — 10 Hz
Visible Optical Laser Experimental
0 fibers beams
07m  rred Wideband data
— 104 Hz
- -
e T —
Extra high
frequency Experimental — 100 GHz
(EHF) Navigation
j e Satellite-satellite
i Waveguide Microwave relay
Sf:lgéel:c%;) Earth-satellite L 10 GHz
(SHF) Line-of-sight Radar
10cm radio Broadband PCS
Ultra high Wireless comm. services
frequency e Cellular, pagers - 1GHz
(UHF) Narrowband PCS, GPS signals. .
I m UHF TV
Very high Mobil, Aeronautical
ffﬁg‘g};‘)cy N N VHF TV and FM - 100 MHz
10 m Coaxial Mobile radio
High cable Skywave CB radio
frequency radio Business - 10 MHz
(HF) Amateur radio
100 m S O Civil defense
Medium
frequency AM broadcasting - 1 MHz
MF
. o Low Aeronautical
equenc |
WI red CO m m U wC ?LF) y Groundwave Submarine cable 100kHz
. 0 y 10km radio Navigation
Strlct —— there IS U Very low Wire pairs o
frequency Transoceanic radio L 10 kHz
i f (VLF)
conficts 100k
Audio Telephone
Telegraph
— 1 kHz

e



Modulation Concept

ol Let a |g ‘:::. II, '!5 i L - S, iy :' e
which s assurr
Zero

 We say the
in either amplitude |
mplitude, frequency, or pF

e signal.
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Modulation Concept

. Modulatlon converts the me sae5|nal m(t from Iowass’
| bandp _-.‘_,. -':-.‘:. -'{"_- ne[ ot [ 71 e cente /

following ob bjectives: Y '

— Thelc
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Analogue vs Digital Modulations
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A

o(t) = A - cos(2m fut + &)

x(t) = m(t) cos(2m fet







m(f) Transmitted modulated
® o (D) Tgsmited

3

a =A/A,

A.cos2wf.t

@ Oscillator

Received
signal

r(t)

mit)
Lowpass I

©

Narrowband

—- filter tuned e
Easily implemented as
o/e S~ Phase Locked Loop




m(t) = 0.5sin(27100¢) + 0.5

DB/( | | | | /r

0.4}

0z
1] 0
0.2 .27

0.4

0.6

08+

1 1 1 1 1 - 1 1 1 1 1
1] 0.005 0.0 0015 noz 0025 0.03 0 0.005 0.01 0.015 0.0z 0.025 0.03



S

u(t) = Aq |1 +amy(t)]cos 2w f.t
._.
m(t)

: my(t) = ————
DelINC n(0) max|m(r)|

Envelope
- AN







- !

¢(t) = kpm(t)

o !lwmu W.‘l"ﬂ | |

2

| d
fi(t) — f. Fm(t) e d r¢(f )

o l W M ”WMMM uently the phas ¢ () =27k [T m(v)dt
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Summary of Analogue Modulations
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Digital C o)

Pass-Band
Modulation

Base Band
Modulation

Source Coder

Antenna RF Amplifier

A/D
!

Demodulator

Source
Decoder

Channel
Decoder

Pulse Shape
Correlator
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Analogue to Digital Converter
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kY |

. Samli'
N |
* Quantizati
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Source Coding

« The objective is to produce a bit sequence that
represent (contam the same mfo) the message |n he
most ef >ct Vi it e

e e e e e e e
—_esmmmEmma.

(]
»

informa bl
unlts The more
ets closer to the €
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International Morse Code

1. A dash is equal to three dots.

2. The space between parts of the same letter is equal to one dot.
3. The space between two letters is equal to three dots.

4., The space between two words is equal to seven dots.

U
° V
o mm o W
o0 X
Y
Z

40T OVOZZErA——IOMmMmOUOwW>
®

LV NOUTARWNR




Channel Coding

° Obje ( tll :—»wﬁf 7 4 e ‘
o | MOV
- T Cl ‘I :Ir { J’___'\I. ~

— Tc ol f :::"

on .- ! _
transmitted?
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Channel Coding

* The numbe
number of errors.




Digital Modulation

The mod l tor tak' bl ad generate

lw;_‘;'h
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Detection and Estimation
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Properties of the transmitted Symbols, S(t)

< .I: —

* Energy Spectral
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Geometric I__nterpretation
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Optimum Receiver using Correlators
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Optimum Receiver with a Bank of Correlators

—'V0—0
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Error Probablllty and Optlmum Detection
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Q(z) = —erfc (\;’2)
erfc(z) =2Q (\@ z)
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Error Probability and Optimum Detection
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Base-Band Transmission
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Eye Diagram - Before ECC
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Shift Keyin
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L

ASK (Amplitude Shift Keying)

- Unipolar

‘ avier Ramos.
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QAM (Quadrature Amplltude Modulatlon)

I avierRamos. igna







FSK (Frequen Shlft Keylng) _
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Multlple Access
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Multiple Access

- In telecommunications, time and bandwidth are scarce
resources i

+ Alternative
— Multiplexing
or very slow change

iple Access = dynami
ss to the resources ama
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Transmitter

Down link

N Receiver

W

Duplex '
switch

Frequency

Down link




Multiple Access

— Stochas
— Adequate for irregula
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Contentionless Techniques (supervised)
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Frequency Division Multiple Access. FDMA.

ser1 | |ENNEEY (420
x Signal
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Frequency Division Multiple Access. FDMA.

« Available Ba.ndwldth is lelded mto sub bands
| I

- Eahy
« (Characte

— Strict

— Sens
etc

Analc
Br
La
Cc
« Alterations
— OFDMA:
« Each OFDM use

C-FDMA:
DM but pre-coding symbols u
etter performance
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Time Division Multiple Access. TDMA.

« Each user is assigned dlfferent time interval — tlm.lot
— Orthogonal,_Access '

. Typica ,’
i

— Examp

» Typical Base Ste '
each channel shared by &
4 simultaneous users
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Time Division Multiple Access. TDMA.

Bits from
User N

—




Code Division Multiple Access. CDMA.

dlffer . ;:1. - .‘ S

. UL is the
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Code Division Multiple Access. CDMA.

Bits fro
User 1

Bits fror
User 2

Bits from
User N
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Space Division Multiple Access. SDMA.

oy “S'”g directive o ml‘ﬂ
anten an e steered
- .. i 7 o SER
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Contention Multiple Access (Unsupervised)

e Most common™

— Aloha/ Slotted Aloha
Multiple Access (CSMA
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Contention Protocols

— It reduces the
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Contention Protocols

CSMA/CA witl
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CSMA (Carrier Sense Multiple Access)

« Max l oug
e« CSMA :'I ]

| orotag JI?I
« Liste '
void
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Kinds of CSMA |
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Nonpersistent/x-persistent CSMA
Protocols

«  Nonpersistent CSMA Protocol:
Step 1: .ft emedlum aldle tra sm|t |mmeg| tel

. X
> ‘:' A [ Ty
S A
' e |dle |
‘ | I|
a f
i i I‘
| /

| ° 1_ v
p 1 ni

- Step 2 | |

—  There"
retrans

(usually you stop
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Nonpersistent/x-persistent CSMA
Protocols

i ppefslstent CSMA Protocol: .
Step 1: I le, transmit with probability p, and
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How to Select Probability p ?
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CSMA/CD (CSMA with Collision
Detection)

« In CSMA, if 2 terminals begm sendmg packet at the
same t| 1e, each v lI tr o;,go_-- e
(although cc taki W

vvast I'lf 2C
° SM il
tep

t|I |

Step

Walt a randc
the same algo
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CSMA/CA (CSMA with collision
Avoidance)

« All terminals listen to the same medium as CSMA/CD
 Terminal ready to transmlt senses the medlum
It medium is busy it waits until the enc |
It again walif ' |
Distribute
hen pi
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Node A’s frame | - O 2 2 Node C’s frame
) l .
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CSMA/CA with ACK

' :-f?_-f-"  fo e A ke Ty (HOAS RS e s e
- Immediate Acknowledgements fror
recet| 1 of data frame )

i /
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CSMA/CA with RTS/CTS

- Transmitter sends an RTS (req

DIFS ( | N
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Next Frame







Summary of Concepts in this Chapter

 What are Logarlthmlc Units (dB) and the advanta‘
we get by using them il |
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