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[leplexopeva

Eloaywyr) otig OeeAlwdNG EVVOLEC OXETIKA ME TA TTOPAKATW:

aoUpuata diktua, Tdoo oto PUOLKO 0co Kal oto MAC layer (radio propagation,
channel, modulation)

cuomuata evpeong Oeong (positioning systems)

aoUpuateg texvoloyieg (ry IEEE802.11, WiMAX, UWB, Bluetooth, RF tags, sensors,
LTE)

OPXLTEKTOVIKEG/MOVTEANA TTIPOCaong

— otV nAnpogopia (rtx mobile peer-to-peer systems, infostations) , kat

— aoUppatwy Siktuwv (rtx ad hoc, mesh, sensor, infrastructure networks),
TIPWTOKOAAA SpopoAoynong o€ acUppata diktua (routing protocols)

EPAPHOYEC Yla KLVNTA UTTOAOYLOTIKA cuompata (ry social networking & location-
based spappoyeg mavw os Android, ambient intelligence)

ETMOTTTELQ ACUPUATWY SIKTUWV KAl avaluon g artodoomng Toug
BEpaTa HOVTIEAOTTOINONE TWV ACUPUATWY SIKTUWV

cognitive radios

Spectrum & wireless access markets and business issues
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Eloaywyika - Aoun

Aev gival eva cuvndlopyevo padnual

Ol poltntEg Ba xpelaoTel va dlapacouv amno dLaPopeg MNYEG:
* YAWKO online (dlaAe€elg, papers)
« Kepahaia BLBALwY

MNeptAapBavel TOOO BEWPNTIKEG 00O KAl TIPAKTIKEG AOKNOELG.

Oa yivouv SLaAEEELG amo Toug POLTNTES

Oa yivouv OLaAEEELG amO TOUG HETATITUXLAKOUG pOLTNTEG/BonB0oULG
KaL epyaotnpla

Av exoupe Erasmus @oltnTeg, oL dlahegelg Ba yivovtal ota ayyAka




(o

e Georgios Fortetsanakis geforte@ics.forth.gr

e Michalis Katsarakis katsarakis@csd.uoc.gr




Eloaywyika - Epyaoctmmpla

* Emortela aocupuatou SIKTUoU
QPuoko entimedo - Radio propagation - measurements
YTATLOTIKN avalvon &emegepyaoia SIKTUAKWY OEOOUEVWV

Yuotnuata eupeong Beong

Mobile computing applications




WIRELESS

TRAFFIC:
((j)) MEASUREMENTS
HHDEI.LIHEI

Project 1:
Ertontteia acuppatou SIKTUOU

* Ba otnoete testbed yla Tnv mapakoAovbnon Kat Thv KAtaypawn
OEO0OUEVWY OXETIKA PE TNV Kivnon Kat TNV mpooBacn XpnoTwy o€
eva aocLppato SiKTuo.

*Oa e€OLKELWOELTE PE TIPOYPAUHATA ETIOTITELAC
(T.x., tcpdump, wireshark, iwlist, snmp, syslogs)
Kabwc emionc Kat ye tnv cuAAoyn 6edopevwy.



Project 2: Itatiotikn availvon . R
. : B d o df
& enefepyaocia Siktuakwyv R :..' m
dedopEvwy " |

* AedopEva IOV £XOUV KATAYPAWPEL 0€ aoUppata diktua LE diagopa
nipoypappata snornrteiag diktuwy (Project 1), 6a ta avalvoste
OTATLOTIKA LLE OKOTTO TNV £EAywWYT) CUITEPACUATWY YA TO OLKTUO.

* Qa etolkelwBdeite pe matlab & artAeC oTATIOTIKES CUVAPTNOELCG (TTY
urtoAoylopo mean, median, Cumulative Distribution Function,
fitting katavouwv)



Project 3: Quoko entirntedo -
Radio propagation - measurements

* [lapakoAouBnon Kat LETPNON TNE TIUNES NS EVTAONC TOU OT)ULATOC.
* E&ctaon gpawopevwy rovu emmpealouy I dtadoon

(11.%., artootaomn HETAdOTN/SEKTN, PALVOUEVA AVAKAAONC, ATTOPPOPTOTC
Kal e€aogBevnonc.

* Kataypa®r autwyV TwV LETPNOEWV KAl LEAETN TNG
EMLOPAOT) TWV TTAPATTAVW PALVOUEVWY KAL TNV CUOXETLOM
TOUC ME TIG TIUEG Tou signal strength.



Project 4 - Juomuata evpeong OEoNG

* E&olkelwomn pe SLapopEeC TEXVONOYLEC TTOU

Collaborative
Location

Xpnotpornolovvtal yla location-sensing.
* [lepapatiopog e

IEEE802.11, RFIDs, QR/barcodes, Wii kal kApepeg
/™ Avéluon mc fingerprinting LeBOS0U Kal KATTOLWY

7iov Bacidovtal oTnV artooTao
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Project 5: Mobile computing application

*ETtEKTAON LTIAPXOVTWYV I LAOTIOLNON VEWYV TIPWTOTUTIWV
EPAPHOYWV TIov TPEXOLV o}> KlvnTa TNAspwva
[poypappatiopog oe Android dlapopwv

social networking & location-based epappoywv.
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Research Projects

* Development of the u-map: a user-centric grass-
root data base with cross-layer information about
user access and quality-of-experience (QoE) for
various applications (systems project)

* Spectrum markets

— Business-driven assessment of spectrum markets (in
matlab)



Eloaywyika - BaBuoc

* Epyaommplakeg aoknoelg (projects) 40%

Ba 600el KWOLKAC ETOLLOC, TTAVW OTOV OO0 Ba
UAOTIOLN|OETE TO project oag

Opadeg 2-3 atouwy, Kal ATOULKA projects
Sharing of the infrastructure (e.g., Android phones)

e Tehkog (Final exam) 35-50% (BaBuocg > 4.5, yla va
TIEPATEL KATTOLOC TO HAdnua)

* Mpoodog (15%) mpoalpeTIKN
* Mapouaoiaon 10% (Presentation)



Large-scale Wireless Testbeds

Experimenting with
state-of-the-art wireless technologies

Wireless testbeds based on IEEE 802.11

= UNC campus (with > 900 APs, 20,000 users)
* Iraklion (area of 150 Km?

" ambient technology space at FORTH

Epyaouipio TnAEmronoviay kol Aktiwv - Telecommunications & Networking Laboratory (TNLD



Telecommunications & Networks LAB
ICS- FORTH

Spectrum analyzers

,..|I|H||| 0l alrmagnet

S8 8 analyzers

Infrastructure @) AitWISE “)Charts S} Decodes € Tools & Back J




Wireless Mesh Testbed @ Heraklion

Z¢ AeiToupyia
Yo Avdmrun
Aiktvo Alaxeipnong-fNapakoAou®

B KA L
Deployed by ICS-FORTH
The green line indicates the management/monitoring network, the blue line
indicates the operational network, while the red line shows the under-

development part of the network y



Agenda

Introduction on Mobile Computing & Wireless Networks
Wireless Networks - Physical Layer

IEEE 802.11 MAC

Wireless Network Measurements & Modeling

Location Sensing

Performance of VolP over wireless networks

Mobile Peer-to-Peer computing
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General Objectives

* Build some background on wireless networks,
IEEE802.11, positioning, mobile computing

* Explore some research projects
and possibly research collaborations




Wireless Networks & Mobile Compu

Lecture on Introduction on Mobile Computing

Prof. Maria Papadopouli

University of Crete
ICS-FORTH
http://www.ics.forth.gr/mobile




Profound technologies

“The most profound technologies are those that disappear.
They weave themselves into the fabric of everyday life until
they are indistinguishable from it."

Mark Weiser, 1991



Weiser’s vision

* The creation of environments saturated with computing and
communication capability yet gracefully integrated with human users

* After two decades of hardware progress, many critical elements of
pervasive computing that were exotic in 1991 are now viable
commercial products: handheld and wearable computers, wireless
LANs, and devices to sense and control appliances

* Well-positioned to begin the quest for Weiser's vision



Constraints in Pervasive Computing

The most precious resource in a computer system is no longer its
processor, memory, disk or network. Rather, it is a resource not

subject to Mogjgg!Aention

Today's systems distract a user in many explicit & implicit ways, thereby
reducing his/her effectiveness.

* Understand the quality-of-experience (QoE) for a service

it is not just a simple set of QoS metrics (e.g., bandwidth, delay,
packet loss)

* Define the user utility function!



Pervasive computing -Smart spaces

Pervasive computing is the method of enhancing computer use by
making many computers available throughout the physical
environment but effectively invisible to the user.

Pervasive computing spaces involve autonomous networked
heterogeneous systems operating with minimum human
intervention
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Monitoring the environment ™
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Source: Joao Da Silva's talk at Enisa, July 20, 2008



Tagged products

Source: Joao Da Silva's talk at Enisa, July 20th, 2008



A new Wave of Visualisation and
Search Devices

Source: Joao Da Silva's talk at Enisa, July 20th, 2008




3D: the next frontier

<Multiplicity of Virtual World
Platforms, 60 M users estimate

<+ Confluence of trends: social
networks, user generated content,
iImmersive experience, rich media

3D pioneered through Games

<A possible approach to information o
overload m 22 Inside

T el O

friendster Wire oA

B Blogger & #§myspace.com
- Pad

< New business perspectives

Level of Interaction
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New networking paradigms for efficient
and sharing mechanisms

[
ISH
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Higher Rate,

100 Lower-Speed Mobility
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Info “"Half-Life” & “"Inconvenience Threshold”
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Each cammunication technology advance has shartened the usefyl life of information and
increased the need to obtain néw information more rapidly regardiess of the situation or focation...
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Device Presence: Unlocking the Value of “Chip Radios”

WAN Extensions Revenue, 2006-2011 ($Billions] . .
( Wireless Home Devices: II
$6 —.
Units - US VoWLANICellular Dual Mode Users, 2005-2010 (Millions)
an.
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100K+ hotspots worldwide, CAGR of 45% (JiWire) AS

90% of airports to offer Wi-Fi by 2008 (Airports Council International)

269M broadband homes worldwide in 2009 (IDC)

72% of companies to deploy Voice over Wi-Fi by 2009 (Infonetics)

100 million consumer mobile VOIP users in 2011

The PC industry will ship more than two times as many mobile VOIP 32
devices per year as the Telecom industry in 2011.




Fast Growth of Wireless Use

* Social networking (e.g., micro-blogging)

* Multimedia downloads (e.g., Hulu, YouTube)
* Gaming (Xbox Live)

» 2D video conferencing

* File sharing & collaboration

* Cloud storage

Next generation applications

* Immersive video conferencing
* 3D Telemedicine

* Virtual & Augmented reality

* Assistive Technology

o Rapid increase in the multimedia mobile Internet traffic



Fast Growth of Wireless Use (2/2)

* Video driving rapid growth in mobile Internet traffic

* Expected to rise 66x by 2013 (Cisco Visual
Networking Index-Mobile Data traffic Forecast)



Energy constrains
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Wireless Networks

* Are extremely complex
* Have been used for many different purposes
* Have their own distinct characteristics due to

radio propagation characteristics & mobility
S wireless channels can be

highly asymmetric & time varying
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Wireless Networks & Mobile Comp

Lecture on Physical Layer

Prof. Maria Papadopouli
University of Crete
ICS-FORTH
http://www.ics.forth.gr/mobile




From Signals to Packets

Analog Signal /_\/_\/\/\/\/\/\

“Digital” Signal - -

Bit Stream 00101110001

0100010101011100101010101011101110000001111010101110101010101101011010111001

Packets «—>e >« pe —— >
Header/Body Header/Body Header/Body

Packet 11— .
.. Sender Receiver
Transmission

Note: there is no co-relation between the above figures. Each one is independent from the others.




MovTELO TNAETTLKOWVWVLAKWV
> UOTNUATWY

{amo tn okomid TWV CNUATWV}

* O dlaulog EMIKOWVWVIAC WITOPEL va elval pLa Ypapun pnetagopa (r.y.
NAspwvia, Ethernet), pia orttikn iva 1) artha o eAeVBepog xwpog (Orou To
OTJMATA EKTTEWITETAL OO NAEKTPOUAYVITLIKO KUUA).
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Metadoon Inuatog

Kata tn dtadoon tou dtavAou To METASIOOMEVO oA TTAPANOPPWVETAL
AOYW U1 YRPOAMUMULKOTNTWY Kat/1) ATEAELWV OTNV AITOKPLOY) CUXVOTNTAC TOU
SlauvAou

AM\EC TYEG LTTIORABLONG €ival 0 OopuBog Kat ot TTapeBOAEG TTOU
OUAAEYOVTAL QUTO TO OTMATA KATA T SLAPKELA TNG LETAO00NC LECTW TOU
SlavAovu.

O oItoC Kat 0 HEKTNG oxedlalovtal WOoTE va EAA)XLOTOTTIOLOUV Ta
aImoteAEopATA TOU BopUBoU Kal NG ITAPAMOPPWOTC 0T IToLoTnTa

Aygng
AvadnULIoUPYWVTAC TO APXIKO OT)UA, XPNOLUOTTOLWVTAC T dtadlkaoia g
aro-otapoppwong (demodulation)

Kuptot topot (main resources): Loyuc skitoprnnc (transmission power) &
cupoc {wvnc (channel bandwidth)

40



Baolkot ‘Opot ota Xnpata (Basic terms)

* YUuommua: pUOLKY dtataén Tov mapayelL Eva onua E000uU o€ oK
OT)LATOC EL0OSOU e

Physical system that produces an output signal as a response to an input
signal/excitation

* Inua eloodou (input): dteyepon (excitation)
* Inpa e€odou (output): amokplon (response)

()

y(®)
Channel »

Tob “ﬁm&hﬂm@

Pulse Width = tp 0 50 hlf_uwz?m} 45D
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Channel Model

* The received signal can be
modeled by a magnitude and
phase, which represent the
signal attenuation and delay
from sender antenna to
receiver antenna,

given a certain frequency,
where the communication takes
place

Devices use the
transmission of a well-
known training signal for
the estimation of various
parameters



Baowkol Opol ota Inuata

* Y& YPOAUULIKA ouotuata LoXUEL 1| apxn tThs unepBeanc (superimposition):
H armokplon Evog YPAMHIKOU GUOTNHATOG € Eva aplONO SLEYEPTEWYV TA

oroila epappolovtal TauToxpova €ival ion HE To AOPOoLoa TWV ATTOKPLOEWV

TOU CUGTILATOG, OTAV KAOE pla aIto aUTEG TIG OLEYEPOELG epappoleTal

Eexwplota

*  @iAtpo: diata&n ermAoyng cuXVOTNTAC JTOU XPNOLUOTToLETAL Yla va
TIEPLOPLOEL TO PACHA EVOC ONUATOC O€ pLa {wvn CUXVOTITWV

*  AlaUAOGC: HECO HETAOOOTC TTOU OUVOEEL TOV JTOMTTO E TOV OEKTN TOU
OUOTNMATOC ETTILKOLVWVLAG

* [epypapn oto MedLo XpOVOU 1 CUXVOTNTAG

43



Internet - Network Layers -(TCP/IP stack)

Eninedo 5

Entinedo 4
Entirtedo 3
Entirntedo 2

/

Transmission of sequence of bits & signals across a link

0 Signal: “superimposition” of electromagnetic waves



Spectrum

Frequency
(Herte) 100 100 1wt w8 10 1w 1w w w'" ! w2 w? o 1w
| ELF | vP | vLF | Lk | MF | HF | vHF | UHF | SHF | EHF |
— ! ! ! -l—] o N—DI
Power and telephone Radio Microwave Infrared Visible
Rotating generators Radios and televisions Radar Lasers light
Musical instruments Electronic tubes Microwave antennas Guided missiles
Yuoice microphones Integrated circuits Magnetrons Rangefinders
o Twisted Pair | I‘—I
Optical
_ Fiber
o Coaxial Cable .
+— -+ ot >
AM Radio FM Radio| Terrestrial
and TV | and Satellite
Transmission
Wavelength 496 195 g0 10 102 10" 10" 10" w02 w0? 1wt wF 10
in space .
imeters) A (meters) = 300 / freq in MHz

ELF = Extremely low frequency
VF = Voice frequency

VLF = Very low frequency

LF = Low frequency

MFE = Medium frequency
HF =High frequency
VHF = Very high frequency

LUHF = Ultrahigh frequency
SHF = Superhigh frequency
EHF = Extremely high frequency



Transmitter & Radio Channel

Fading — ( : —>  Receiver

y

Transmitter
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Electromagnetic Waveforms

Two important properties

* Propagate

They travel in the space from the sender to a receiver
* Transfer energy

This energy can be used for data transmission
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DuoKO eTtitedo

* Xelpiletal Tn pHETA@OPA NG aKolovBiag Twv *its
Eexwplota Kata pnkog g (eVENC

H Ze0&n mapadidel bits apob mpwTta Ta peTATPEYEL GE ornjpata Ta omnola
dtadidovtal peow €vOg KAvaALov

Ta bits otéAvovtal Stadidovtag NAEKTPORLAYVNTIKA KURLATA KATA UNKOUG TOU
(PUOLKOU LETOU, TTX

— Ertiyelo paopa padlocuxvotitwy
— AOPUPOPLKO pacua PASLOGUXVOTITWYV

> NUA KaAeital N umePBeC NAEKTPOUAYVNTIKWY KUPHATWY



HAEKTpOHAYVNTIKA KUpOTA

‘Exouv 600 GnUavTIKES LOLOTNTEG:

' Metakwouvtat dnhadr) arto 1o €va HEPOC OTO AANO,
OTTWC AITO EVA TIOWITO OE £VA OEKTN

N ortola WToPEL va
XPNOLUOTIOIMNOEL YIa TN LETAPOPA UNVUUATWV



HAEKTPOUAYVNTIKA KUUATA (ouvéxeta) Sod

* To HAekTpOopayvNTIKO KUMA WTOPEL VA OswpnOEel WG
Lo

* PWTOVIO: MIKPTN PUTN NAEKTPOUAYVITTIKNG
EVEPYELACG

H evEpyELa LETAPEPETAL QTTO

U To pawvopevo dtadoonc rpokaleitat armo T aAANAETOPATELS

£VOC TAAAVTOULEVOU NAEKTPLKOU TTESIOU Kal EVOC TAAAVIOULEVOU
HLayvnTikou mnediov ta omoia wlouv To eva

TO AAAO OTO KEVO 1 0€ €va AAAO HECO dLadoong




BaolKeC apxeg
‘Eva LETABAAAOMEVO HAYVITIKO TTEDIO MAPAYEL EVA
pnetapBallopevo nAektplko niedio (Faraday)

> € VA NAEKTPOMAYVNTIKO KUMA, EVa HeETABAANOUEVO TTEDLO
ETTAYEL Eva LETAPBAAAOUEVO NAEKTPLIKO TTEDLO, TO OTTOLO0 HE
TN OELPA TOU ONMULIOUPYEL £va METABAAAOMEVO LLAYVITIKO
JTEOLO K.O.K ... TIPOKAAWVTAC £TOL TN O1AH0CT) TOU KUUATOC
(Maxwell)



HAekTpopayvntiko KUpa (ouvexsta)

* [lepLypa@etatl ayto . APLOMOG
TAAAVTWOEWYV TWV NAEKTPLIKWY KAl LLAYVNTIKWV
ESLWV 0NV povada Tov Xpovou

S 1Hertz avtiotow el o€ pLa TANPN TAAAVTWOT)
ava OEUTEPOAETTTO

KOl TO : AOYOoC Tayutnrag dtadoong
JIPOC guxvotnTa

0 Ta dikTua emikovwviwy petadidouvv IAnpopopia peocw
NAEKTPOPAYVNTIKWY KUPATWYV



Baoka otowyela NAEKTPLKOU PEVLL g

* H pon goprtiou (flow charge) ovopadletal nAekTpiko psupa (electric
current) kat ivat o puBbuoc Ue Tov o1molo Ta NAEKTPLKA (popTia
Stepxovtal Stapgoou evoc aywyou (conductive material)

4 I 1] I 4 14 14 7

e [LaTn pon YopTiou, aratteital pia wlnon (pia puvaun) n ornoia
JTAPEXETAL ATTO TNV TAoN 1) Stawopa duvarkou (potential difference)

* To poptio (charge) kiwveitat arto to upnAo duvapiko (reptoxn vPnAng

PP

. LK <N G S A L
OLETAO OUVOHIKO {TTEPLOYIT XA

FUVAHTKITC EVERYELTS) TTIPOC TO

QUVAMIKTG EVEPYETUT

S Av untapxel dtawopa SuVApKOU HETAEL U0 TTEPLOXWYV Kal EUELC TLG
ouvdeoouue (aywylua), Oa vrtapéet pon popTtiou

S To gpoptio guveyilel va Kiveital HEXPL N dUVAUN TTOU AOKELTAL TTAVW TOU
VA LEWWOEL o€ KArmola EAAXLOTN TLUN 1 €EWE OTOU TO SUVAULKO eElOWOEL




Baowka otolxela NAEKTPLKNG TAOTS

* Htaon 6a enperne va Kahkeital opBotepa «dlapopa OUVALKOU »

* Eival ommv mpaypatikomta N nAEKTREYEPTLKN duvain (emf) (n Kvnmplog
SUVALN TWV NAEKTPOVIWY OTOV NAEKTPLOUO)

S Hdwagopa Suvapikou gival urtevBUVN YIA TNV ATWOT Kal TNV AN Twv
NAEKTPOVIWV 1] YLA TO NAEKTPLKO PEVHA OLOETOU EVOC KUKAWLLATOC

* Mia kuwntnpog duvapn nAektTpoviwv emiong vmapxet petav Ovo
AVTLKELPMEVWYV OTIOTE UTIAPXEL Yia dlapopd oTov aplBpo Twyv eAevBepwy
NAEKTPOVIWY ava povada OYKoL TOU AVTLKELUEVOU.

* Otav OVLO avTikeipeva, TOL €ival aApvnTIKA POPTLOPEVA, cuvOeBoLv
aywylga petafl Toug, TO NAEKTIPLKO pevpa Ba €xel opda amod TO
TIEPLOCOTEPO APVNTLKA POPTLOPEVO AVTLKEIPHEVO TPOG TO ALYOTEPO
APVNTLKA POPTLOPEVO

* Por nAeKTplkoL pevpatog Ba vrapéel emiong aro eva Alyotepo BeTIKA
(POPTIOPEVO QVTLKELPHEVO TPOG €va TEPLOCOTEPO BETIKA (POPTLOPEVO
QVTIKELPEVO, €POOOV Ta OLO avTlkeipgeva cuvdeBOLV aywylpga PeTALL
TOUG



DuoKO eTtirtedo

* Xepiletal T petaopa g akoAouvbiag twyv bits Eexwplota kata
HNKog TG (ELENG

H Ze0&n mapadidel bits apob mpwTta Ta peTATPEYEL GE ornjpata Ta omnola
dtadidovtal peow €vOg KAvaALov
— 2NUA KaAeitatl n umepOBeo NAEKTPOUAYVNTLKWY KUPATWY

S Ta bits otéAvovtal dtadidovrag NAEKTPOHAYVNTIKA KUMATA 1] OTTTIKOUG TTIAALOUG
KATA UY)KOG TOU (PUOLKOU HEGOU

— YUVEOTPAUMEVO XAAKIVO Kahwdlo (twisted pair copper wire)

— Opoa&oviko kaAwdto (coaxial cable)

— Emtyelo paopa padloouxvotntwy

— AOPUYPOPLKO PpATA PASLOCUXVOTITWV



HAEKTpOHAYVNTIKA KUpOTA

‘Exouv 600 GnUavTIKES LOLOTNTEG:

' Metakwouvtat dnhadr) arto 1o €va HEPOC OTO AANO,
OTTWC AITO EVA TIOWITO OE £VA OEKTN

N ortola WToPEL va
XPNOLUOTIOIMNOEL YIa TN LETAPOPA UNVUUATWV



HAEKTPOMAYVNTIKA KUUATA (cuvexe
To HAekTpouayvNnTIKO KUA MITOPEL va BswpnBel we pa

PWTOVIO: MKPN PUTY) NAEKTPOMAYVITIKNG EVEPYELAG
H evepyela HETAWEPETAL ATTO

To patvopevo dladoong rpokaAeital armo Ti¢ AAANAETIOPATELG

EVOG TAAAVTOULEVOU NAEKTPLKOU TTESIOU Kal EVOG TAAAVTIOULEVOU
HayvnTiKou mtediov ta onoia wlouv To Eva

TO AAANO OTO KEVO 1 0€ €va AAO HECO HLAdoong




BaolKeC apxeg
‘Eva LETABAAAOMEVO HAYVITIKO TTEDIO MAPAYEL EVA
pnetapBallopevo nAektplko niedio (Faraday)

> € VA NAEKTPOMAYVNTIKO KUMA, EVa HeETABAANOUEVO TTEDLO
ETTAYEL Eva LETAPBAAAOUEVO NAEKTPLIKO TTEDLO, TO OTTOLO0 HE
TN OELPA TOU ONMULIOUPYEL £va METABAAAOMEVO LLAYVITIKO
JTEOLO K.O.K ... TIPOKAAWVTAC £TOL TN O1AH0CT) TOU KUUATOC
(Maxwell)



HAEKTPOUAYVNTLKO KULA
(ouvexela)

* [eprypagetal amo I : APLOUOC TAAAVTIWOEWV TWV
NAEKTPLKWYVY KAl LAYVNTIKWY ITESIWV 0TV povada Tou Xpovou

S 1Hertz avtioTtolxel o€ pa mMANPN TAAAVTWOT) AvVA OEUTEPOAETTTO

Kol TO : AOyo¢ Taxumrag d1adoong r1pog ouxvotnta

U Ta Siktua erkolvwviwy LETASISOUV TTANPOYOPILA LECW NAEKTPOMAYVN
KUMATWV

Ta nAeKTpovia ota cUPUATA 1] 0TO KAAWSLO Hiag YPAUUNES XAAKOU
AAANAOETIOPOUV UE TO NAEKTPOAYVNTIKO KUMA KAl TO 061nyouv



Baoka otowela nAEKTPLKOU
PEVLLATOG

* H pon poptiou ovopadeTal NAEKTPLKO pEUA KAl Eval O pUBLIOG UE TOV
o1rolo TA NAEKTPLKA popTia Stepyovtal SIAUETOU EVOC aywyou

* Ta @opTIOUEVA CWHATIOLA UITOPOUV VA €lval €iTE BETIKA €iTE apvnTIKA

TIOPEXETAL ATTO TNV TAEN 1] Slawopd duVALLKOU
* To poptio Kiveitat aro to uPnAo Suvauko (reptoxn VPNANS SUVAIKNG
EVEPYELAC) TIPOC TO XAUNAO SUVAULKO (TTEPLOXT] XAMNANS SUVALKNG

VEPYELOT

S AV UNApXer STUPUPU OUVARIKOU PETALU OUOD TTEPIOXWYV KUT ERNEIS TG
ouvdeoouue (aywylua), Oa vrtap&el pon popTtiou

S To gpoptio guveyilel va Kiveital pHEXPL N dUVAUN TTOU AOKELTAL TTAVW TOU

VA LEWWOEL o€ KArmola EAAXLOTN TLUN 1 €EWE OTOU TO SUVAULKO eElOWOEL




Baokd atotxeia NAEKTPLKAC TAOTE

* Htaon Ba emnperme va Kaleital opBotepa «dlagopd
OUVAMLKOU »

* Elval ommv mpaypaTikoTNTA N NAEKTPEYEPTLKY)
duvapun (emf) (n Kivnmplog SVvaun Twv
NAEKTPOVIWV OTOV NAEKTPLOUO)

S H duawopa duvaukou ivatl urteubuvn ya v
QITWoN Kat TV €AEN Twv NAEKTPOVIWV 1 YLd TO
NAEKTPLKO PEUMA OLAMEOOU EVOC KUKAWMATOC




Baolkd otolxeia NAEKTPIKNG TAONS

Mia kwntriptog Ouvapn NAEKTPOVIWV E€MIiONG LTIAPXEL PETAEU
AVTLKELPJEVWY OTIOTE LTIAPXEL Pia dlagopd oTov aplBpo Twv eAslBEPWY
NAEKTPOVIWY ava povada 0yKou TOL QVTLKELPEVOU.

Otav OVO avTikeipeva, TOU €ival aApvNTLKA QOPTLOHEVA, CLvOEBOULV
aywylga petagl Toug, TO NAEKTIPLKO pevpa Ba €xeL opa amo TO
TIEPLOCOTEPO APVNTLKA POPTLOPEVO AVTLKELPUEVO TPOG TO ALyOTEPO
ApVNTLKA POPTLOPEVO

Pon nAeKTpLlKoL pevpatog Ba vmapel emiong amo €va AlyoTtepo BeTIKA

(POPTIOPEVO QVTLKELPHEVO TPOG €va TEPLOCOTEPO BETLKA POPTLOPEVO
avTIKELPEVO, €®OoOV Ta OLO avTlkeipgeva cuvdeBOLV aywylpga PeTagw
TOUG




Baoka otowela nAEKTPLKNG TAO
(ouvexela)

N\.To NAEKTPOOTATLKO TEdi0, SNAAdN N TAON TWV NAEKTPOVIWV
va

T(POOTIABOLY Va (PTACOLV EvA BETIKO (POPTLO N va TIPOEPXOVTAL

arto Lo LPNAO APVNTIKO POPTLO €lval N KvnTAPLOG duvaun TwWvV

NAEKTPOVIWY 1 AAALWC TAON

* Ekgppdaletal og povadeg mov ovopalovtal volts, cuvtunon
Tov voltage

S Q¢ eva volt opideTtal n mieon oV amatteitat yia tr OLeAsvon
PEVHATOC EVOC ampere dLapETOL piag avriotaong evog ohm



Evvolec medlou xpovou:
Avaloyika & Pneraka onpata

Méyiato €Upog (A) - Méyiat T 1 SUvapn Tou o1IaToC LE TNV TTAPod0o Tou
XPOVOU. SUVHBwWC peTpLétal o€ volts
Yuxvomra (f ): Pubuoc (rate), og cycles/sec 1) Hertz (Hz) otouc omoioug to
onua emavalapBaverat
daon () - METPo NG OYETIKIC BEO0NC 0TO YPOVO EVTOC HiAC TTEPLOSOU TOU
OTUATOC

— YEVIKO KUpa nutdvou s(t ) = A sin(2ntft + o)

OmolodNIoTE NAEKTPOLAYVNTIKO oT)Ua Umtopel va armodelyxBel otL amoteleital amo
LA CUAAOYT] TTEPLODIKWY AVAAOYLKWY ONHATWY (KURLATA NULTOVOU) O€

OLAPOPETIKA EUPT), CUXVOTITEG KAl (PATELG

hl-
z(t) =) Ay cos(wot + @)
k=1



Baoka otowela nAEKTPLKNG TAO
(ouvexela)
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va
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Evvolec medlou xpovou:
Avaloyika & Pneraka onpata

Méyiato €Upog (A) - Méyiat T 1 SUvapn Tou o1IaToC LE TNV TTAPod0o Tou
XPOVOU. SUVHBwWC peTpLétal o€ volts
Yuxvomra (f ): Pubuoc (rate), og cycles/sec 1) Hertz (Hz) otouc omoioug to
onua emavalapBaverat
daon () - METPo NG OYETIKIC BEO0NC 0TO YPOVO EVTOC HiAC TTEPLOSOU TOU
OTUATOC

— YEVIKO KUpa nutdvou s(t ) = A sin(2ntft + o)

OmolodNIoTE NAEKTPOLAYVNTIKO oT)Ua Umtopel va armodelyxBel otL amoteleital amo
LA CUAAOYT] TTEPLODIKWY AVAAOYLKWY ONHATWY (KURLATA NULTOVOU) O€

OLAPOPETIKA EUPT), CUXVOTITEG KAl (PATELG

hl-
z(t) =) Ay cos(wot + @)
k=1



Antenna (1/2)

Made of conducting material

Radio waves hitting an antenna cause electrons to flow in the
conductor and create current

Likewise, applying a current to an antenna creates an electric field
around the antenna

As the current of the antenna changes, so does the electric field
A changing electric field causes a magnetic field, and
the wave is off ...
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Antenna (2/2)

Antenna gain
the extent to which it enhances the signal in its preferred direction

Isotropic antenna
radiates power with unit gain uniformly in all directions

Measured in ¢ Zi: decibels relative to an isotropic radiator
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What is dB?

Express a ratio in logarithmic scale based on transformation

The decibel offers a number of advantages, e.g., ability to
* conveniently represent very large or small numbers, and
* carry out multiplication of ratios by simple addition and subtraction.

10log,,(2)
a . P )
Ratio > Ratioin
Example: dB
A < 2(dB)
I\ ) 10(/1(dB)/10) (& )
-5
SINR = > 10" mW =312,5 <

N+I 1.210%mW +2 10°mwW

SINR(dB) =10log,,,(312.5) =24.95 dB
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Example:

What is dBm?

Express transmitted/received power in logarithmic scale based on transformation:

p | 10log ,(P(mW)) v —
Power In Power In
mW dBm

P(dB
L P(mW) J 1O(P(dBm)/10) o idBm) J

P =2mW < P =3.0103dBm
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dBm (sometimes dBmW) is an abbreviation for the power ratio in decibels (dB) of the
measured power referenced to one milliwatt (mW).
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Conversion of a stream of bits into signal

Adds redundancy
/ Bits mapped to signal (analog signal waveform)
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Electromagnetic-Field Equations

In the far field, the electric & magnetic fields at any given location are:

* perpendicular to both each other & to the direction of propagation from
the antenna

* proportional to each other (so it is sufficient to know only one of them)

In response to a transmitted sinusoid cos(2rft), the electric far field at time t
can be expressed as:

Point u (r,6,p) in space @ which the electric field is being measured

Distance r from the transmit antenna to point u

Radiation pattern of the sending'antenna @ frequency f & direction (6,yp)
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Wavelength of Electromagnetic Radiatio

* Frequency [
* Wavelength A

where c is the speed of light c=3x10®2m/s

Example: cellular communication around 0.9GHz, 1.9GHz, and 5.8GHz
— Wwavelength is a fraction of a meter

To calculate the electromagnetic field equations at a receiver:

the locations of receiver, transmitter & obstructions need to be known with sub-meter
accuracy



Signals
 Amplitude (A) - Maximum value, peak deviation of the function

* Frequency (f ): Rate, number of oscillations in a unit time interval, in
cycles/sec ) Hertz (Hz)

* Phase(p) -Specifies the relative position in its cycle the oscillation begins
general wave formula s(t ) =Asin(2rtft + @)

U Any waveform can be presented as a collection of
periodic analog signals (cosines) with different amplitudes, phases, and frequencies

j\.l'
;I:{tj — z ;‘-‘l;; ('.UH[»".:J{Ji -+ ﬁ?f',!;:]'
k=1



Xp1omn TWV NUTOVOELOT) GUVAPTNOEWV

XPNOLUOTTOLOULLE NUITOVOELONG OUVAPTNOELG AOYW NG duvatotntag EMAOYNG
NG KEVIPLKNG CUXVOTNTAG TTOU WTOPOUUE VA LETAOWOOULLE, Kal
AOYW TWV (PATUATIKWY XAPAKTINPLOTIKWY TTOU £XEL AUTY 1] OLUVAPTNON.

>TO 11EHL0 TNE CUXVOTNTAC LA NILITOVOELSNC CUVAPTNOT TIEPLYPAPETAL ATTO
eva Dirac.

AMalovtag T dtapkela cupBoAou (6nA. méoo xpovo xpetaletal va
LETAdWOOUKE Eva aUUBoAO), Lmopoupe va alha&oupe to bandwidth.



Wave “aggregation” by superposition

a b
s S S
A S g ~
(4
s sl
R . '
When multiple waves
- converge on a point,
the total wave is simply

the sum of any component
F ------------- et o waves
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Wave “aggregation” by superposition

When two or more waves traverse the same space, the net amplitude at
each point is the sum of the amplitudes of the individual waves e

Destructive interference: when the summed variation has a smaller amplitude than the
component variations (e.g., noise-cancelling headphones)

Constructive interference: when the summed variation will have a bigger amplitude than
any of the components individually (e.g., Line Array)
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http://en.wikipedia.org/wiki/Amplitude

Wireless channels

* Operate through electromagnetic radiation from the transmitter to
the receiver

* In principle, one could solve the electromagnetic field equations, in
conjunction with the transmitted signal to find the electromagnetic
field impinging on the receiver antenna

[=)

This would have to be done taking into account the obstructions

caused by ground, buildings, vehicles, etc in the vicinity of this
electromagnetic wave

* Multiple copies of the signal could be propagated and reach the
receiver (To onua TAVEL ATTO SLAPOPETIKEC KATEVUOUVOELC, UE
OLAPOPETIKEC KAOBUOTEPNTELS, AKOAOUBWVTAC OLAPOPETIKEC
SLadPOUEC)

* To onpa nov Aapfavetal otov OEKTN ATOTEAELTAL SUVNTIKA ATTO EvaV
APLOUO ONUATWY UE SLAPOPETLKN EVTAOT, PAON KAl Ywvia aptEné



Fundamentals

Impairments

Radio Propagation

Wireless channel model

Digital modulation and detection techniques
Error control techniques
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Types of Impairments

— Noise: thermal (electronics at the receiver, Adyw ™¢ Tuxaiag kivnong twv

nAektpoviwv oe évav aywyo), human

EEWTEPLKEG TINYEG (TTX ATHOOPALPLKOG, YAAAELAKOG, BLOUNXAVIKOC) & E0WTEPIKES TINYES (1Y
OTLYLULALlWY SLAKUHAVOEWY TOU PEVMATOC 1) TA TAOTMS 0TA NAEKTPIKA KUKAwpata) 6opufou

— Radio frequency signal path loss

— Fading at low rates

— Inter-Symbol interference (ISI)

— Shadow fading

— Co-channel interference
interference
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Radio Frequency Wave Propagation
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Multipath Fading Shadowing |
- caused by multiple reflections - caused by physical obstructions
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Multipath fading

Multipath: the propagation phenomenon that results inradio
signals reaching the receiving antenna by two or more paths

Traanitier




Channel impulsive response

x(0 y(t)
» Channel ’

LM

Pulse Width = Ths

Alapkela cupBoAov

* By sending a pulse of very small duration to the channel, the
impulsive response can be estimated

U At the output, the due to
multipath

MriopoUue va Bswpnooupe otl to multi-path ¢gawvopevo €xel wg amoteleopa to
KQVAAL VO CUMTTEPLPEPETAL AV PIATPO OTO TIESIO TWV CUYXVOTNTWYV: OTTOU EVIOXUEL
AAAEC CUXVOTNTEG, KL AAAEG TIG €€aoBevel



Frequency Selective Fading due to Multi

within the available bandwidth

— The channel gain may vary for different frequencies of the transmitted
signal (e.g., due to multi-path)

— Channel gain: ouvteAeotg tou ek@palel Tnv enidpaon oto
LETAdIOOUEVO onua

Transmitted signal spectrum Square (Channel frequency response Received signal spectrum

distortion

\

H2(f): the square of channel frequency response

To mapanavw napadetypa deixvel eva KAKNG TIOLOTNTAG KAVAAL, PLa KAt TapagopPuwyVveL onPavtika ta
(PACHATIKA XAPAKTNPLOTIKA TOUL HETAOLOOPEVOL onpaTog (X KUPLOG AoBOC
exel oxedov e€apavioTtel)



Main issues in wireless communications

Fading: time variation of signal strength due to:
* Small-scale effect of multipath fading

* Larger-scale effects, such as
* Path loss via distance attenuation
* Shadowing via obstacles

Interference

Unlike the wired world, where transmitter-receiver pair can often be though of as
isolated point-to-point link, wireless users

communicate over the air & there is significant interference between them
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Types of fading

* Large-scale fading, due to path loss of signal as function of distance
& shadowing by large objects (hills, buildings)
S This occurs as wireless devices move through a distance of the
order of cell size and is typically frequency independent

— large transmitter-receiver distances

* Small-scale fading, due to constructive & destructive interference of
multiple signal paths between transmitter & receiver

U This occurs at the spatial scale of the order of the carrier
wavelength and is frequency dependent

rapid fluctuations of the received signal strength over very short
travel distances or short time durations (order of seconds)
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Channel quality varies over multiple time-scales

Signal strength changes over time and space

Stochastic processes to model signal strength
* Challenging task
* Environments with mobility and obstactles

RN SRR Large-scale fading (“slow” scale):

due to shadowing, path-loss

.
.
.
.
.
.
.

.
.
.
.
-

Small-scale fading: €%
due to multipath effe

&‘x




Large, medium & small-scale fadi

Fading: fluctuation in the received signal power

* Large-scale fading: average signal power attenuation/path loss due to
motion over large areas.

* Medium-scale fading: local variation in the average signal power around
mean average power due to shadowing by local obstructions.

* Small-scale: large variation in the signal power due to small changes in the
distance between transmitter & receiver
Also called Rayleigh fading when no LOS availabe. It is called Rayleigh due

to the fact that various multipaths at the receiver with random amplitude &
delay add up together to render rayleigh PDF for total signal
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With Rayleigh Fading

Received
Signal
Power

(dB)

log (distance)

Thanks to Nitin Jain's presentation
on intro to wireless fading slides



Multipath fading

Fluctuation in the received power due to
* Variations in the received signal amplitude
* Variation in the signal phase

e Variations in the received signal angle of arrival (different paths
travelling different distances may have different phases & angle of
arrival)

There is signal superimposition ...



F Communications

adio Frequency (RF) waves are effected by

Distance between the transmitter and receiver
+ Inverse power law

Reflection (e.g. ground reflection)
Diffraction (e.g. from building)
Scattering (e.g. from trees)

Links may not be bi-directional <

¢+ A can hear B, but B can’t hear A (e.g. because of
receiver sensitivity)

Radio waves may be blocked (absorbed) by objects

¢ e.g by buildings, humans, rain, walls, glass windows

I Path Loss

y

A

Multipath Fading

Related to the asymmetry in
wireless links network characteri:
one

direction may be different than
those in the opposite direction

Shadowing

Degree of attenuation generally depends on frequency

© 2007 Victor Bahl. All Rights Reserved.



Different types of fading

Wall

NS

/ Scattering

Diffraction (Shadow Fading)
Reflection

/

Wall
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Example of multi-path effect

@ 1: free space loss likely to give an accurate estimate of path loss

@ 2: strong line-of-sight but ground reflections can significantly influence path
loss

@3: significant diffraction losses caused by trees cutting into the direct line of
sight

@ 4: simple diffraction model for path loss

@ 5: multiple diffraction, loss prediction fairly difficult & unreliable
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Diffraction

Diffraction refers to various phenomena which occur
when a wave encounters an obstacle.

In classical physics, the diffraction phenomenon is
described as the apparent bending of waves around
small obstacles and the spreading out of waves past
small openings.



Shadow Fading

* Obstacles and their absorption behavior
* Shadowing differs from multi-path fading

S Duration of shadow fade lasts for multiple seconds minutes
a much slower time-scale compared to multi-path fading
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Reflection

Wave impinges upon a large object when compared to the wavelength
of the propagating wave

Reflections occur from the surface of
— The earth
— Buildings
— Walls
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Scattering

* Another type of reflection
* Can occur in the atmosphere or in reflections from very rough objects

* Very large number of individual paths

S Received waveform is better modeled as an

integral over paths with infinitesimally small differences in their lengths
rather than as a sum
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Multi-path Delay Spread

between the arrival of the first wavefront & last multi-path
echo,

counting only the paths with significant energy
Longer delay spreads require more conservative coding
802.11b networks can handle delay spreads of < 500 ns
Performance is much better when the delay spread is low
When delay spread is large

cards may reduce transmission rate
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Inter-Symbol Interference (ISI)

Waves that take different paths from the transmitter to the receiver:
* travel different distances ol

* be delayed with respect to each other

Waves are combined by superposition but the effect is that the total waveform is
garbled

e e ——
]
Owts Sanml
!
3 R 3 Pt
| Tiria
Symbol Tima
I
| Dsta Recsived
i M |
_ : = ’ : ing symbols
L
Byrrised Thrm |

Napatnpeiote OTL TO orpa eKTiveTal o€ PJEYAALTEPN SLAPKELQ ATIO AUTH)

Tou oupBOAoU (kat tapepBalAetal ota yeLtovika oLpPBoAa). AuTo opeileTql 0TO
multi-path @awopevo.



Distortion

* Caused by the propagation speed & fading
* Depends on the frequency (varies in different frequencies)

4 Amplitude

Different frequencies
suffer different attenuation

Tine

Frequency Selective Fading:

the channel gain varies for
different frequencies

of the transmitted signal

[stortion



Frequency Selective Fading

* The frequency response of a fading channel is not constant
within the available bandwidth

— The channel gain may vary for different frequencies of the transmitted
signal

Transmitted signal spectrum

Square Channel frequency response Received signal spectrum

distortion

\

H2(f): the square of channel frequency response

x-axis: frequency



Channel Impulse Response

* If the channel is stationary over a small time interval the
channel impulse response may be wrltten as:

(KPOUGTIKY) QTTOKPLON) h(t) —Za exp(jO,)S(t- t;)

e a, & 6. :the amplitude & phase of the it multipath copy
o t :time of arrival of the i*" copy

e §(t) is the Dirac function

BAEmoupe ot 1o h(t): aBpolopa amnd Dirac cuvaptoEeLg

H ocuvapmon €€odou sival n ocuveli&n (convolution) Tou onuatog
€£L00O0U Kal NG KPOUOTLKNC AITOKPLOMNCG TOU KAVAALOU.



Channel Impulse Response

If the channel is stationary over a small time interval the
channel impulse response may be written as:

h(t) =3, @, exp(j6)O(t - 1)

a, & 6. : the amplitude & phase of the it multipath copy
t.: time of arrival of the it copy
8(t) is the Dirac function

Channel frequency response H(f): Fourier transform of h(t)

H(f) :+jh(t)e‘f2”ftdt



Power Spectral Density of
the Received Signal

The power spectral density of the received signal (S) is equal to the

r

power spectral density of the transmitted signal (S,)

multiplied by the
square of the amplitude of the channel frequency response

S, =|H(w)|’S,



Doppler Effect

* The Doppler effect is observed whenever the source of waves is
moving with respect to an observer

It is the effect produced by a moving source of waves in which there
is an apparent upward (downward) shift in frequency for observers
towards whom the source is approaching (receding), respectively



Doppler Effect: Example

«10° Doppler Effect Model in 1[Doppler Effect «10° Doppler Effect Model in 1[Doppler Effect

W coordinates
oo o F= [N o] | ) By {=7] oo
L J
W coordinates
oo o F= [N o] | ) By {=7] oo
0

=10 -5 1] 5 10 =10 -5 1] 5 10
¥coordinates 3 ¥coordinates 3
10 10

The same sound source is radiating sound waves at a constant frequency in the same
medium. However, now the sound source is moving with a certain speed. Since the source
is moving, the centre of each new wavefront is now slightly displaced to the right.

As a result, the wave-fronts begin to bunch up on the right side (in front of) and spread
further apart on the left side (behind) of the source.

An observer in front of the source will hear a higher frequency and an observer behind the
source will hear a lower frequency.
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Doppler spread

S When a over a multi-path
channel, the received spectrum will have components in the range f - f,
tof+f,

f :KCOS(H)
f,: Doppler spread: A

* v: velocity of the receiver
* 0:direction of arrival of the received signal
* A: wavelength



Coherence time

Definition:
* The time interval over which the channel impulsive response is considered
stationary

Typical assumption:
* Doppler spread and coherence time are related by the formula:

K: constant in the range of 0.25t0 0.5



Time Variance: Fast Fading

* The channel changes drastically many times while
a symbol is propagating

Causing:

* Severe distortion of baseband pulse leading to
detection problems

* Lossin SNR
* Synchronization problems



Time Variance: Slow Fading

* The channel does NOT change drastically
during the symbol propagation
causing: Loss in SNR
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Propagation Models (Large-scale fading

* One of the most difficult part of the radio channel design

* Done in statistical fashion based on measurements made specifically
for an intended communication system or spectrum allocation

* Predicting the average signal strength at a given distance from the
transmitter
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Some Real-life Measurements

Ad-Hoc Measurements
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Signal Power Decay with Distance

~+ A signal traveling from one node to another experiences fast
(multipath) fading, shadowing & path loss

“ Ideally, averaging RSS over sufficiently long time interval
excludes the effects of multipath fading & shadowing .,
general path-loss model:

F;(d) =P,- 10nlog,, (d/d )

n: path loss exponent
P(d): the average received power in dB at distance d
P, is the received power in dB at a short distance d,



Path loss exponents for differ

environments
Ervironmerit Path Loss Exponent, n

Free space 2

Urban area cellular radio 2.7to 35
Shadowed urban cellular radio 3tob

In building line-of-sight 1.6to 1.8
Obstructed in building 1106
Obstructed in factories - 2to3




Path loss model

Germany

Parameters
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Free-space Propagation Model

Assumes a single direct path between the base station and the mobile

Predicts received signal strength when the transmitter & receiver have a
clear, unobstructed line-of-sight path between them

Typically used in an open wide environment
Examples: satellite, microwave line-of-sight radio links
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Free-space Propagation Model

Derived from first principles: power flux density computation

* Any radiating structure produces electric & magnetic fields:
its current flows through such antenna and
launches electric and magnetic fields
* The electrostatic and inductive fields
decay much faster with distance than the radiation field

* At regions far way from the transmitter:
the electrostatic & inductive fields become negligible and
only the radiated field components need be considered
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Free-space Propagation Model

P.,P.: transmitter/receiver power
G,, G,: transmitter/receiver antenna gain
G = 47A_/\?
L: system loss factor (L=1 no loss)
A_related to the physical size of the antenna

A: wavelength in meters, f carrier frequency, c :speed of light
A=c/f
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Two-ray ground reflection model

T (transmitter)

R (receiver)

A

A
o
v
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Two-ray Ground Reflection Model

Considers both the direct path & a ground reflected propagation path
between transmitter and receiver

* Reasonably for predicting the large-scale signal strength

1. over distances of several km for mobile radio systems that use tall
tower (heights which exceed 40m)

2. for line-of-sight micro-cell channels in urban environment
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Multiple Reflectors

Use ray tracing

Modeling the received waveform as the sum of the responses from the
different paths rather than just two paths

Finding the and of these responses is not a simple

task
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Multi-path Delay Spread

between the
longest and shortest path,
counting only the paths with significant energy
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Modeling Electromagnetic Field

* |n the cellular bands the wavelength is a fraction of meter

* To calculate the electromagnetic field at the receiver, the locations of the
receiver and the obstructions would have to be known with sub-meter
accuracies.
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Free space Fixed transmit & Receive Antennas

In the far field, the and at any given location are

* perpendicular both to each other & to the direction of propagation from
the antenna

* proportional to each other
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Free-space fixed transmit & receive antennas

In response to a transmitted sinusoid cos(27xft), the attime t
can be expressed as:

cos(2x f (t-d/c)) / d

~

vertical & horizontal angles from the antenna to u

Radiation pattern of sending antenna at frequency f (incl. antenna loss)

point u in space @ which the electric field is being measured
d distance from the transmit to receive antennas
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Physical-layer Model — Criterion for
Successful Transmission

*{Xi;k € T} subset of nodes simultaneously transmitting at some time
instance over a certain sub-channel.

° P,  Power level chosen by node X,

X, 1€ T, 1s successtully received by a node X 1

ambient noise

P, minimum
power level AL <« Signal-to-interference ratio
| k o | H"-: i
e [Z —
N4 Yier v
ki By 'JI"-'.'

v\ignal power decays with distance
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Signal-to-noise ratio (SNR)

The ratio between the magnitude of background noise and the magnitude
of un-distorted signal (meaningful information) on a channel

Higher SNR is better (i.e., cleaner)

It determines how much information each symbol can represent
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Capacity of a channel

How many bits of information can be transmitted without error
per sec over a channel with

* bandwidth B
* average signal power P

* the signal is exposed to an additive, white (uncorrelated) noise
of power N with Gaussian probability distribution

o
provides the fundamental [imit of communication achievable

by any scheme
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Limits of wireless channel

* Shannon [1948] defined the capacity limit for communication channels

Shannon (1916-2001) Norbert Wiener (1894-1964)
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Shannon’s limit

* For achannel , the maximum
possible data rate on a given channel of bandwidth B is

R=Blog,(1+SNR) bps,

where SNR is the received signal to noise ratio

Shannon’s is a theoretical limit that cannot be achieved in practice but
design techniques improve data rates to approach this bound
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Digital Radio Communication

| Baseband > Radio

Modulation Carrier " Channel

Transmitter Conversion of a stream of bits into signal

y

\4

Carrier Bit &Frame Detection Decision

Sync

Receiver Conversion of the signal to a stream of bits



Conversion of a stream of bits into signal

Adds redundancy
/ Bits mapped to signal (analog signal waveform)

E 4 | [

e i !

= Source Channel . RF and '

& . Multiplex — )

E Coding = Coding P Modulate Access | o Antennas :
el 1

= C i [ ]

Transmitter : ;

. ]

noise : The :

protects from interference Interference ] Wireless '

) ' Channel | !

Fading ; .

_ Receiver : :

- E— ' :

= Source Channel De- De- Multiple ' Antennas i

g{_ Decoding Decoding multiplex A modulate Access E: and RF :
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Information

Information

Adds redundancy to protect the digital information from noise and interferen

]

Bits mapped to signal (analog signal

waveforpr

Source
Coding

Source
Decoding

Multiplex

- = Modulate

e.g., GFS

Transmitter

Channel

Decoding

Receiver

B ]
£~ Dhe-
multiplex € modulate
| S— |

\ Multiple

Access

. TDA,
CDMA /.
]
) The
; Wireless
: Channel
i
\
Multiple E: Antennus
Access | and RF

*—--—-**'-'--'--_-'--ﬁ



Channel Coding

the digital information from noise & interference & reduces the
number of bit errors

* Accomplished by
transmitted information stream

* These additional bits allow
received data stream

into the

in the
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Encoding

* Use two discrete signals, high and low, to encode 0 and 1

* Transmission is synchronous, i.e., a clock is used to sample the signal
— In general, the duration of one bit is equal to one or two clock ticks
— Receiver’s clock must be synchronized with the sender’s clock

* Encoding can be done one bit at a time or in blocks of, e.g., 4 or 8 bits
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Why Do We Need Encoding?

Meet certain electrical constraints
— Receiver needs enough “transitions” to keep track of the transmit clock
— Avoid receiver saturation

Create control symbols, besides regular data symbol
e.g. start or end of frame

Error detection or error corrections
— Some codes are illegal so receiver can detect certain classes of errors

— Minor errors can be corrected by having multiple adjacent signals mapped to
the same data symbol

Encoding can be very complex, e.g. wireless



Digital Modulation

The process of

* taking information from a message source ( ) in a suitable
manner for transmission &

* translating the signal onto a radio carrier at
compared to the baseband frequency
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Why not modulate the baseband

S For effective signal radiation the must be

— For example, voice range 300-3300Hz
At 3kHz at 3kbps would imply an antenna of 100Km!

By modulating the baseband on a 3GHz carrier the antenna would be
10cm

To ensure the orderly coexistence of multiple signals in a given spectral band
To help reduce interference among users
For regulatory reasons
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Demodulation

The process of from the carrier so that it may be
by the receiver (e.g., symbols detected and
extracted)
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Signal Representation

* each signal can be written as a linear combination
of a sinusoidal and cosusoidal functions

c*sin(2mtF_*t+o)= a*sin(2rtF_*t) + b*cos(2nF_*t)

Ot Bagelg TOU XWPOU £Lval TO NUITOVO Kal TO
gUVNIUTOVO. ETTOUEVWC TO ITapartavw oNMa TopPEL
VA AVTUTPOoWIELOEL pe eva onpeio (a,b)



Signal Representation

* each signal can be written as a linear combination
of a sinusoidal and cosusoidal functions

c*sin(2mtF_*t+o)= a*sin(2rtF_*t) + b*cos(2nF_*t)

Ol BAOELC TOU XWPOU Elval TO NUITOVO Kal TO
ouVNUITovo. EMOUEVWCE TO ITapaITtavw CNMa WITOPEL
VA AVTUTPOoWIELOEL pe eva onpeio (a,b)



Digital Modulation Approaches

* Frequency shift Keying (FSK)
— Use of different carrier frequencies to encode the various symbols

* Phase shift Keying (PSK)

— Use of a single carrier frequency
— The various symbols are encoded by the phase

* Quadrature Amplitude Modulation(QAM)

— Both phase & amplitude are used for the encoding of various symbols



FSK modulation

* An alphabet of M symbols is used (M = 2X for some KEN)

— Each symbols corresponds to a combination of K bits

e The i-th symbol is mapped to carrier frequency F. = (n+i)/2T

— T: symbol duration

— n: arbitrary integer (for selecting an appropriate frequency band)

* |n order to transmit the:

i\Flgsymbol, the following signal is used

].|[— cos(27Ft), 0 <t<T
S;(t) :D T (o)

0 elseware



Example BFSK

T
Baseband 1 0 0 1
Data _ . _n+1
o =1
signal P = n+?2
1
F1 Fo Fo F1 2T
. 2F
* Bit O corresponds to: — cos(27F,t)

* Bit 1 corresponds to: /ZTE cos(27Ft)



FSK demodulation

Consider a vector space with base vectors

2
b, Z\Ecos(erFit), i =1,2,...,.M

The transmitted & the received signals correspond to different
points on this vector space
— This is due to noise & the channel gain

The largest coordinate of the received signal corresponds to the
transmitted symbol with high probability



BFSK demodulation

>
= cos(2aFit
-

~* When the received signal is bellow
the dashed line, it is assumed that
bit 0 is transmitted

L ]

Received signal

Transmitted signal

~
- 27t
\[;CUS( 0 )

* Otherwise, it is assumed that bit 1
is transmitted

v
Due to path loss, there is an energy attenuation
Resulting to a received signal residing in the circle

instead of on the periphery
However, due to constructive phenomena, in other situations, the received

signal may reside outside of the circle



Signal Representation

* each signal can be written as a linear combination
of a sinusoidal and cosusoidal functions

c*sin(2mtF_*t+o)= a*sin(2rtF_*t) + b*cos(2nF_*t)

Ol BAOELC TOU XWPOU Elval TO NUITOVO Kal TO
ouVNUITovo. EMOUEVWCE TO ITapaITtavw CNMa WITOPEL
VA AVTUTPOoWIELOEL pe eva onpeio (a,b)



PDF of the received signal

p(tfs)

* Probability that the received
signal would lie at a particular
point: 2D Gaussian

_ The probability space of the PDF
is the vector space of the signals

 The peak of the distribution
F“‘”{m“ corresponds to the transmitted
' signal

+ s: transitted signal

Ooo peyaAUTEPOG €ival 0 B0puBog TOCO TILO PYEYANO €ival TO

» rreceivedsignal  gtandard deviation Tn¢ Gaussian katavoung:
MeyaAOTepn n mBavotnta va AaBoupe eva onpa dLaPpopeTIKO
aro auTO TIOU ECTELAE O TIOUTIOG.



PSK modulation

* The alphabet contains M = 2¥ different symbols

* To transmit the i-th symbol, the following signal is transmitted

| /ZE
. |—cos(2aF t+¢.), 0<t<T
Sl(t) :D T ( c ¢1)

0 elseware

 Signals S(t) are linearly dependent

they can be represented by linear combination of the vectors:

2 2 .
b, :\/; cos(2nF t) b, :\/; sin( 2nFt)



Example BPSK

Baseband
Data 1 0

Binary PSK modulated
signal

01 O

* Bit O corresponds to:

* Bit 1 corresponds to:

1 ¢ =-/2

¢ =m/2

0o D1

\ /Z—E cos(2aF t- m/2)
T
1/2% cos(2aF.t+m /2)



QPSK

\Esjn( 2 2F.1) — If the received signal lies in the 1%
quadrant, assume that the
01

0 00 is transmitted

5
— cos( 2aF 1
"'IIT ( £)

10 11 * |n the 2™ quadrant, assume that
01 is transmitted, etc

¢+ Received signal

¢+ Transmitted signal



8PSK
e

= |

* If the received signal lies in the 1% area, it
is assumed that the 000 is transmitted

ies in the 2™ area, it is assumed that
001 is transmitted etc

e Received signal

¢ Transmitted signal



QAM modulation

* This modulation scheme is an expansion of PSK
— Asingle carrier frequency is used (F )

— The transmitted & received signals are  represented as linear
combinations of:

2 2 .
b, :\/; cos(27Ft) b, z\/; sin( 27F . t)

* The difference is that not only the phase but also the
amplitude of the carrier signal may vary



Example: 16QAM

\Eﬁjﬂ( 27F.£) * The constellation point, closer to the
received signal, is assumed to

0000 0001 0010 0011 . .
. e correspond to the transmitted bit

0100 0101 i 1
. 0110 0111 combination
~E o o Fy
1000 1001 1010 1011
L ] L ] L ] [ ]

T

cos( 2F )
1100 1101 1110 1111
. . . .

¢ Received signal

¢ Transmitted signal



PDF of the received signal

p(tfs)

* Probability that the received
signal would lie at a particular
point: 2D Gaussian

_ The probability space of the PDF
is the vector space of the signals

 The peak of the distribution
F“‘”{m“ corresponds to the transmitted
' signal

+ s: transitted signal

Ooo peyaAUTEPOG €ival 0 B0puBog TOCO TILO PYEYANO €ival TO

» rreceivedsignal  gtandard deviation Tn¢ Gaussian katavoung:
MeyaAOTepn n mBavotnta va AaBoupe eva onpa dLaPpopeTIKO
aro auTO TIOU ECTELAE O TIOUTIOG.



BER calculation

sPSK QPSK
transmitted

W
L

* To calculate BER: compute the integral of the signal PDF in red zone
* For 8PSK: red zone is larger and yields a higher BER
* The additional red zones in 8PSK have large probability mass ~

BER is significantly higher in 8PSK than in QPSK



BER calculation

8PSK

transmitted
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iy,
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+ s: transitted signal

+ 1 received signal

The peak of the 2D Gaussian\éprresponds to

The position of the transmitted%jignal o
the contribution to the BER of thése regions is larger




Gaussian frequency shift keying (GFSK)

* Encodes data as a series of frequency changes in a carrier
* Noise usually changes the amplitude of a signal

* Modulation that ignores amplitude (e.g., broadcast FM)
S Relatively immune to noise

* Gaussian refers to the shape of radio pulses
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2GFSK

Two different frequencies

* Totransmit 1
— The carrier frequency is increased by a certain deviation

* Totransmit O
— The carrier frequency is decreased by the same deviation
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2GFSK of letter M (“1001101")

* When 1is transmitted, frequency rises to the center frequency

plus an

offset

* When Ois transmitted, frequency drops by the same offset

The horizontal axis represents time and is divided into symbol periods

Around the middle of each period, the receiver measures the
frequency of the transmission and translates that frequency into a

symbol

Frequency

Cenrer

n

1 0 0 1 1 0 1

frequency

N (N[
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4GFSK

Extending GFSK-based methods to higher bit rates
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2GFSK vs. 4GFSK

Distinguishing between two levels is fairly easy

Four is harder:
* Each doubling of the bit rate requires that twice as many levels be present

ol

the RF components distinguish between ever smaller frequency changes
* This issue practically limits the FH PHY to 2 Mbps
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Differential Phase Shift Keying (DPSK)

Basis of 802.11 DSSS
Absolute phase of waveform is not relevant
Only changes in the phase encode data
Two carrier waves
— Shifted by a half cycle relative to each other
— Reference wave: encodes 0
— Half-cycle (180°) shifted wave: encodes 1
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Differential quadrature phase shift keying (DQPSK)

Symbol Phase Shift
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Eb: energy
No: noise

"“:‘»KIQF’SK

—a— 5
—&— 16- F’bn

)

i U U N : e
SRS h
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Multiple Access Techniques

(FDMA)
— Each device is allocated a fixed frequency

— Multiple devices share the available radio spectrum by using
different frequencies

(CDMA)
(DSSS)
(FH)
(OFDM)



Spread spectrum

* Traditional radio communications focus on cramming as much signal
as possible into as narrow a band as possible

* Spread spectrum use mathematical functions to diffuse signal
power over large range of frequencies

* Spreading the transmission over wide band makes transmission look
like noise to a traditional narrowband receiver
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Spread Spectrum Technology

Spread radio signal over a wide frequency range several magnitudes higher than
minimum requirement

Use of noise-like carrier waves and bandwidths much wider than that required for
simple point-to-point communication at the same data rate

Electromagnetic energy generated in a particular bandwidth is deliberately spread
in the frequency domain, resulting in a signal with a wider bandwidth

Used for a variety of reasons
— establishment of secure communications
— increasing resistance to natural interference and jamming
— prevent detection
Two main techniques:
— Direct sequence (DS)
— Frequency hopping (FH)




Frequency division multiple access

First generation mobile phones used it for radio channel allocation
Each user was given an exclusive channel

Guard bands were used to ensure that spectral leakage from one user
did not cause problems for users of adjacent channels

Guard
band

Guard
band

\4

Frequency
171


http://en.wikipedia.org/wiki/Interference
http://en.wikipedia.org/wiki/Radio_jamming
http://en.wikipedia.org/wiki/Direct-sequence_spread_spectrum
http://en.wikipedia.org/wiki/Frequency-hopping_spread_spectrum

Problems with FDMA ?

* Wasting transmission capacity with unused guard bands ...
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Code division multiple access (CDMA)

CDMA assigns a different code to each node
Codes orthogonal to each other (i.e inner-product = 0)
Each node uses its unique code to encode the data bits it sends
Nodes can transmit simultaneously
Multiple nodes per channel
Their respective receivers
— Correctly receive a sender’s encoded data bits

* Assuming the receiver knows the sender’s code in spite of
interfering transmissions by other nodes



Sender
Data d0:1 ' Zim:di*cm
bits &
d,=-1
Spread |1|1|1| |1 11| 11
code
I | | | | I | | | |
Time slot 1 Time slot 0
1) |1(11]1({1|1
Channel output [1f1-1 -1 1 E1R1RT
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CDMA Example (cont’d)

* When no interfering senders, receiver would
* Receive the encoded bits
e Recover the original data bit, d,, by computing
M

di= T Z’ TZFri]*Cm

* Interfering transmitted bit signals are additive
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CDMA Philosophy

Interference seen by any user is made as similar to white Gaussian noise as
possible

Power of that interference is kept to a minimum level and as consistent as possible
The above are achieved by the following
— Tight power control among users within the same cell

— Making the received signal of every user as random looking as possible via
modulating the coded bits onto a long pseudo-noise sequence

— Averaging the interference of many users in nearby cells. This averaging makes
the aggregate interference to look as Gaussian
reduces the randomness of the interference level due to varying locations of
the interference



Inverts the “spreading process”

Original signal Transmitted signal Recorrelated signal
Amplitude 4 Amplitude 4 Amplitude 4
L fpreader Coerelation ‘J
' e ] s X A
Frequency Frequency Frequendy

Flatten the amplitude across a relatively wide band

Ampiitude § -~ Nolse Amplitude fﬂiﬂ;'ﬂ*ﬂ
oot — it P—
|

] Frequency Freguency

The receiver's correlation function effectively ignores narrowband noise




Orthogonal Frequency Division Multiplexing

Related to the Frequency Division Multiplexing (FDM)

Distributes the data over a large number of carriers
— Spaced apart at precise frequencies

Encodes portion of the signal across each sub-channel in parallel

This spacing provides the "orthogonality"
— Preventing demodulators from seeing other frequencies

Provides
— High spectral efficiency
— Resiliency to RF interference

— Lower multi-path distortion
178



@ the peak of each of the
subcarriers

the other 2 subcarriers have 0
amplitude

Orthogonality is best seen in the frequency domain, looking at a spectral breakdown
of a signal

The frequencies of the subcarriers are selected so that at each subcarrier frequency,
all other subcarriers do not contribute to the overall waveform

The signal has been divided into its three subcarriers
The peak of each subcarrier, shown by the heavy dot at the top, encodes data
The subcarrier set carefully designed to be orthogonal
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FDM vs. OFDM

avaYaVal
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-xample of OFDM Transmitter & Receiver

OFDM Symbaol
In Frequency Domain

| i i ' I: >

/|&| (TR g =

5 : 1 1 L ] ]
_n11n11:-...!¥‘ 2|k DL [ = e Bl 11010 .

' = = DAC | ADC Tk o [ &) »

ol -1 gl Symubal, e

=\ 1 [ T Dewmiaiey 2
BNw | :1 S
OFDM Transmitter Side OFDM Receiver Side

Figure 1: Schematic of an OFDM System
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Examble of OFDM

..-llli-ll "

. 01100010 ../

FREQUENCY
L MAIN

Modulation
Inverse FFT

R L W\ i

TIME SAMPLES

.l

| OFDM 5-\'I'-.'IE|
BIN W e -
B 1 T B 1
R Bl 2 Hig 3 =iE 2
a H . :
8 & - *
BIN W EIN W BIN W
J |( UK ALIGKED FFT )| . AUGNEDFFT
TRAE DOMAI .
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OFDM Modulation

Constellation
mapping

Re

l NEE T DAC =® J'

Y

Y

L] L]
e
Ll

- -

X, I
s[n] W FFT 5(1)
Serial Hl o0
to parallel - X,
] »| DAC X

Xy Im

A4

Y
h 4

Y
h 4
4

* The bit stream is divided into N parallel subflows
* The symbols of each subflow are modulated using MPSK or MQAM
* Resulting complex numbers are fed to a module that performs FFT

* Finally the signal is converted from digital to analog, brought to the RF
frequencies, and then fed to the antenna of the transmitter



OFDM Demodulation

Symbol
detection

e
— () F | poe B
Y, i
f; }71 ole 4»@\60—.
L. FFT Slnl

90° 2ec Parallel
Ny, L= to serial

¥ ADC ik
Jm N-1

* At the receiver the inverse procedure is followed

¥

h J

h J

v
h J

1. The signal is brought down to baseband & is converted from
analog to digital

2. FFTis performed ., produces the transmitted symbols



Frequency Selective Fading

* The frequency response of a fading channel is not constant
within the available bandwidth

— The channel gain may vary for different frequencies of the transmitted
signal

— Channel gain: ouvteAeotg tou ek@palel Tnv enidpaon oto
LETAdIOOUEVO onua

Transmitted signal spectrum Square (Channel frequency response Received signal spectrum

distortion

\

H2(f): the square of channel frequency response

To mapanavw napadetypa deixvel eva KAKNG TIOLOTNTAG KAVAAL, PLa KAt TapagopPuwyVveL onPavtika ta
(PACHATIKA XAPAKTNPLOTIKA TOUL HETAOLOOPEVOL onpaTog (X KUPLOG AoBOC
exel oxedov e€apavioTtel)



Use OFDM

* To reduce the effect of frequency selective fading |
— The total available bandwidth is divided into N frequency bins

— The number N is selected such that the channel frequency response is
almost constant at each bin (Flat fading)

YTIOKAVAALO HIKPOU EUPOUC GUXVOTNTAC WOTE VA LTIAPXEL HOvo e€acBevnoN

N EvOLVAPWON Kal OXL TapaPopPWOoN.
Transmitted signal spectrum Square Channel frequency response Received signal spectrum

VTR

Multiple transmitted signals (one symbol per frequency bin
Note: larger symbol duration per bin (compared to spread/spectrum schemes)

There is (a different) attenuation at each bin but the spectral characteristics of the signal
remain the same (Ovo TO TAATOC TOU OAPATOC AAAOLWVETAL, AAAQ OXL I TIapovoia Twv
AoBwv/"oxnua” Touc)



CDMA vs. OFDM

* OFDM encodes single transmission into multiple subcarriers

* CDMA puts into
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Frequency Hopping

Timing the hops accurately is the key
Transmitter and receiver in synch
Each frequency is used for small amount of time (dwell time)
Orthogonal hoping sequences
Beacons include timestamp and hop pattern number
Divides the ISM band into a series of 1-MHz channels
No sophisticated signal processing required
— To extract bit stream from the radio signal
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Frequency Hopping

A Timing the hops accurately is the challenge
Frequency

slot 51

A l- B User A
B User B

3 ser

il l ]

11

Time slot
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Wireless network interfaces

Measure the energy level in a band

Energy detection is cheap, fast, & requires no knowledge of the characteristics of the
signal

However, choosing energy thresholds is not robust across a wide range of SNRs
Though more sophisticated mechanisms, such as matched filter detection, are more
accurate

— they require knowledge of the transmitted signal (e.g., modulation, packet format, pilots,
bandwidth), and thus work only for known technologies



Network Layers -(TCP/IP stack)

How neighboring
devices access
the link

In IEEE802.11, devices may
compete for the broadcast
channel

IEEE802.{| 1

Transmission of sequence of bits & signals across a link



IEEE 802.11 Family

e 802.11b:

Direct Sequence Spread Spectrum (DSSS) or Frequency Hopping (FH),
operates at 2.4GHz, 11Mbps bitrate

* 802.11a: between 5GHz and 6GHz uses orthogonal frequency-
division multiplexing, up to 54Mbps bitrate

* 802.11g: operates at 2.4GHz up to 54Mbps bitrate
* All have the same architecture & use the same MAC protocol



Coverage of a Cell

The largest distance between the base-station & a mobile at which
communication can reliably take place

Cell coverage is constrained by the fast decay of power with distance

To alleviate the inter-cell interference, neighboring cells use different parts of the
frequency spectrum

The rapid signal attenuation with distance is also helpful; it reduces the

interference between adjacent cells
A

Spatial reuse
Frequency is reused at cells that are far enough
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Hidden Node Problem

[ ‘ T

1] A 1]
Node 3

*  From the perspective of node 1
— Node 3 is hidden

* If node 1 and node 3 communicate simultaneously
— Node 2 will be unable to make sense of anything

* Node 1 and node 3 would not have any indication of error
— The collision was local to node2



Carrier-Sensing Functions

* Physical carrier-sensing
— Expensive to build hardware for RF-based media
— Transceivers can transmit and receive simultaneously
* Only if they incorporate expensive electronics
— Hidden nodes problem

— Fading problem
* Virtual carrier-sensing nmm==p ndetectable collisions

— Collision avoidance:
* Stations delay transmission until the medium becomes idle
— Reduce the probability of collisions
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Next ....

* We will talk more about IEEE802.11 MAC

and then about performance issues of
wireless networks ...

196



	Slide 1
	Περιεχόμενα
	Short CV
	Εισαγωγικά - Δομή
	Βοηθοί
	Εισαγωγικά – Εργαστήρια
	Project 1: Εποπτεία ασύρματου δικτύου
	Slide 8
	Project 3: Φυσικό επίπεδο – Radio propagation – measurements
	Project 4 – Συστήματα εύρεσης θέσης
	Project 5: Mobile computing applications
	Research Projects
	Εισαγωγικά - Βαθμός
	Large-scale Wireless Testbeds
	Slide 15
	Wireless Mesh Testbed @ Heraklion
	Agenda
	General Objectives
	Slide 19
	Profound technologies
	Weiser’s vision
	Constraints in Pervasive Computing
	Pervasive computing –Smart spaces
	Monitoring the environment
	Tagged products
	Slide 26
	Slide 27
	Slide 28
	Slide 29
	Slide 30
	Slide 31
	Slide 32
	Slide 33
	Fast Growth of Wireless Use (2/2)
	Energy constrains
	Wireless Networks
	Slide 37
	From Signals to Packets
	Μοντέλο Τηλεπικοινωνιακών Συστημάτων
	Μετάδοση Σήματος
	Βασικοί Όροι στα Σήματα (Basic terms)
	Channel Model
	Βασικοί Όροι στα Σήματα
	Internet – Network Layers -(TCP/IP stack)
	Spectrum
	Transmitter & Radio Channel
	Electromagnetic Waveforms
	Φυσικό επίπεδο
	Slide 49
	Ηλεκτρομαγνητικά κύματα (συνέχεια)
	Βασικές αρχές
	Ηλεκτρομαγνητικό κύμα (συνέχεια)
	Βασικά στοιχεία ηλεκτρικού ρεύματος
	Βασικά στοιχεία ηλεκτρικής τάσης
	Φυσικό επίπεδο
	Slide 56
	Ηλεκτρομαγνητικά κύματα (συνέχεια)
	Βασικές αρχές
	Ηλεκτρομαγνητικό κύμα (συνέχεια)
	Βασικά στοιχεία ηλεκτρικού ρεύματος
	Βασικά στοιχεία ηλεκτρικής τάσης
	Βασικά στοιχεία ηλεκτρικής τάσης
	Βασικά στοιχεία ηλεκτρικής τάσης (συνέχεια)
	Slide 64
	Βασικά στοιχεία ηλεκτρικής τάσης (συνέχεια)
	Slide 66
	Antenna (1/2)
	Antenna (2/2)
	What is dB?
	What is dBm?
	Slide 71
	Conversion of a stream of bits into signal
	Electromagnetic-Field Equations
	Wavelength of Electromagnetic Radiation
	Signals
	Χρήση των ημιτονοειδή συναρτήσεων
	Wave “aggregation” by superposition
	Slide 78
	Wireless channels
	Fundamentals
	Types of Impairments
	Slide 82
	Multipath fading
	Channel impulsive response
	Frequency Selective Fading due to Multipath
	Main issues in wireless communications
	Types of fading
	Channel quality varies over multiple time-scales
	Large, medium & small-scale fading
	Slide 90
	Multipath fading
	Slide 92
	Different types of fading
	Slide 94
	Diffraction
	Shadow Fading
	Reflection
	Scattering
	Multi-path Delay Spread
	Inter-Symbol Interference (ISI)
	Distortion
	Frequency Selective Fading
	Channel Impulse Response
	Channel Impulse Response
	Power Spectral Density of the Received Signal
	Doppler Effect
	Slide 107
	Doppler spread
	Coherence time
	Time Variance: Fast Fading
	Time Variance: Slow Fading
	Propagation Models (Large-scale fading)
	Some Real-life Measurements
	Signal Power Decay with Distance
	Path loss exponents for different environments
	Path loss model for various cities in Germany
	Free-space Propagation Model
	Free-space Propagation Model
	Free-space Propagation Model
	Two-ray ground reflection model
	Two-ray Ground Reflection Model
	Multiple Reflectors
	Multi-path Delay Spread
	Modeling Electromagnetic Field
	Free space Fixed transmit & Receive Antennas
	Free-space fixed transmit & receive antennas
	Physical-layer Model — Criterion for Successful Transmission
	Signal-to-noise ratio (SNR)
	Capacity of a channel
	Limits of wireless channel
	Shannon’s limit
	Digital Radio Communications
	Conversion of a stream of bits into signal
	Slide 135
	Channel Coding
	Encoding
	Why Do We Need Encoding?
	Digital Modulation
	Why not modulate the baseband
	Demodulation
	Signal Representation
	Signal Representation
	Digital Modulation Approaches
	FSK modulation
	Example BFSK
	FSK demodulation
	BFSK demodulation
	Signal Representation
	PDF of the received signal
	PSK modulation
	Example BPSK
	QPSK
	8PSK
	QAM modulation
	Example: 16QAM
	PDF of the received signal
	BER calculation
	BER calculation
	Gaussian frequency shift keying (GFSK)
	2GFSK
	2GFSK of letter M (“1001101”)
	4GFSK
	2GFSK vs. 4GFSK
	Differential Phase Shift Keying (DPSK)
	Differential quadrature phase shift keying (DQPSK)
	Slide 167
	Multiple Access Techniques
	Spread spectrum
	Spread Spectrum Technology
	Frequency division multiple access
	Problems with FDMA ?
	Code division multiple access (CDMA)
	CDMA Example
	CDMA Example (cont’d)
	CDMA Philosophy
	Slide 177
	Orthogonal Frequency Division Multiplexing
	OFDM
	FDM vs. OFDM
	Example of OFDM Transmitter & Receiver
	Example of OFDM
	OFDM Modulation
	OFDM Demodulation
	Frequency Selective Fading
	Use OFDM
	CDMA vs. OFDM
	Frequency Hopping
	Frequency Hopping
	Wireless network interfaces
	Network Layers -(TCP/IP stack)
	IEEE 802.11 Family
	Coverage of a Cell
	Hidden Node Problem
	Carrier-Sensing Functions
	Next ….

