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Chapter 1

| nt roducti1l on

The growth of electricity consumpti on, as wel
daily basis forced itehwe tehneeirrg yp ocwoermp agrnrii edss .t ol hree \
in US & Canada were mostly developed in the 6
America has doubled and in other continents |
i pat e pao paolrald il loifon 20 &Gp lceonbpyar ed with today
The same trend is followed by the worl dbds con

its capacity of energy generation to meet cus

Significahti bowes occurred all over the wc
caused either by natural causes such as | ighti
These massive shutdowns | eft mil | edmtsr iocfi tpye o pl
example, 97 million people were |l eft without
power substation in 1999 in Sao Paul o, Brazil

gered a cascade of npiolweironf apdouprlees itnh atthe edar k5
USA and DQuarniandga .t he same year the Italian bl ack
Swiss and French power transmission |ines tha

have anceltgctagreement based on electricity ex



Il n 2006, an i mprudence of a German company | e

people in Ger ma®ypailRrance, ltaly and

A renovation of teltespawegr, @midd ains imltueasir

are investing significant resources to be a s
worl d are done primarily in the industrialize
Koreacoaundt ri es fro@l What ¢éiyn Eonr @®d4, $14.9 bil
smart grid, from which more than half were or
nanci al reports estimate a rapi cugrudwatth vef atmho
o4 0b0i I i on investme2® Shevoe | dwinbder byare offere
Grid Technologies Research, which also places

Smart grid applicationstantl iymgeembopahgoni
di fferent geographical areas with specific ne
conditions and high | ife standards | i ke Canad
to cover ereedssi.delmt iCahli nna, alt houfghwft hiet popawear i

duction is geared towards industriafl5Msage, w
The major innovation brought by the smart
make the reception of real time information p

thus permit the concurrent raoddjuucstti neenn ta nadn dd i dsitsr

communication | ayer will @gritdsasg @aedmenti €£et ¢ g at
management and creation of a centralized info
devel oping new and innovative ways of i mpl eme
existing infdasheusmare ¢goi duuvupon it. The wir
more beneficial soluti onrifdori npolnegmetnetram iuosnasg,e ,cC

Li nemmM@uni c(aPLi&mds wi rel esasr @ exlhvol iomgti essi vely s
the communication technologies that are resea
or coppe&Nrarcalwlbews'id nle Commun-PL @joironNe(iNgBhbor hoood
Net wor ks ( NAN) oavdd n(BB-PI@ d b a n dDeARD pfroiev amti r el es s n
works using W MAX or puBGéner avli reaekqGMMRA vioo k S
Long Ter mLHEYorl uWwiiMAMX (provi der s.



1.1Moti vati on

The way the information is managedckwaansdsah & cC
great oinmpwet al | performance of the smart gridi
tion needs to follow a certain protocol, whet

a periodic basis orncfrreoans idnigf ftehree ngtr isdedrsv irceel s

c S

rveillance or voice support for workforce.

Anot her aspect that is influencing the qua
resence of I mpul sive noi sQu®@besdre d hed podoweer isals
ments using different wireless communicat.

igh interference of the signal was observed

nw =S <€ T
=
@D

ubstations.

This thestihse amalfyfziecs generated by different

data traffic is | abeled under different appl.i
surveillance, electrical car and voi-stasuppert
under <certain parameters, i s MAMA ylrwaesde isnt aotridoe
coll ect from. Lastly, the capacity of the sub

i mpul sive noi se.

12T hesi s Contribution

The maibutownhs of this thesis are summari zed

T The study of the W MAX standard for the smar-"
mentation and simulations of the network top
cations weusi e ved prpedr i at e characteristics
T The results obtained after simulating the Wi
grid applications can be divided into the fo

ity ofstaei basttor fixed and random traffic



T The effects of the I mpulsive noise were obserl

i cal |l ayer was simulated using W MAX charact
The udiami ons were perfaddetdi vemwWhr 6 AWEBdL §svanh
and I mpulsive Noise channel s.

T The results obtained after simulating the OF
mati on conBcietr nHrnrgpoER hReaotre d(lilonap p IPlact(ePrERETr r or
throughput and the total capacity of the bas

13Thesis Outline

The remaining chapters in this thesis are org
Chap2ter

This chapter introduces the necessary theoret

the results from Chapter 3 and Chapter 4. Se\

throughout pertainingptosdafndnconmn®nsposhiablaet:i
communication | ayer, the specifications of t

OF DM, and i mplementation of W MAX in the smar
Chap3dt er

This chapter provides itmsiaglat yizet ¢ htehe apaeli it ¢
fromDAMeln this section, the W MAX network | a

nication settings of the smart grid by using ¢

ter, the fpopllliocvaitngo nfsouvarr ea desi gned, si mul ated
voice, video surveillance and el ectrical car .
put, packet | oss ratio and the | avencgporfts hw

provided for a comprehensive understanding of



Chapit er

This chapter focuses on the i mpulsive noise d
ture concernimgyvitehwesmrg ulajye atgpit thei ed ferecit e od n
wireless communication standards. The physical
using MATLAB. The i mplementation of the OFDM
application and irteqfudlIrleanesn ttsh e Tdhaet a itnrud faftiicon s
BERerformance f ®PERathrappgphpoaat penspr mance and

station.
Chapbt er

Lastl y,5pCReapgihérs conclusions and the suggested



Chapter 2

Background

The electricity generation in Canada in 2015
meet the growing demands. The Canadian source
and nuclear, while ansmasséti pefuoehsagéhes| atse
energy since it is produced using primary ene
droelectricity covers 59% of the total amount
such eadbsecQu Ontari o, Labrador, Manitoba [lhave a
Al so CandthdtreaniChiha and Brazil i n gl obal hyc
in power demanuwl atsi @duegnt owtthh,e @gropater wusage
ances, as well as rapid changes in temperatur
mer s.

Fi gRldei spl ays the tot alrisnapgpl yanan d ecceomadmmd y«

the | ast decade in Canada. The tot al demand

residential, transportation, agriculture, pub

sumptiom teewcd edal Yhebesaygien oGarmrdcka talitcartrnyat e

year as a result of the frequent wvariations

consumed by heating devices durimg WwWiroimerl 985Bd

2013, the Crhreqdianedpeopaediot ifune€dddole mOaATwh

c



rep
[2] n

resents an increase of 21.19% in compariso

konsequence, Canadian consumpti ¢h.increas

2400
2300
2200
2100

1995 1997 1999 2001 2003 2005 2007 2009 2011 2013
Year

FigalrSaapply and demand of primarp] and secor
Fguekzadi spl ays the total electricity demand

the industrial, residenti al and copmeeat al $ €
2013, the industrial sector used 3%%0f 99mMWhhe
[2] The total demand of electricity in Canada
valugacgnfrom sector to sector, for exampl e i
than 2013 with 2.3% but in the same time the
the commeif2ri al sector

Agriculture

2%

Residential
30%

Industrial
39%

\ Public Administratior

2%

Transportation Commercial
0.20% 27%

FguezTot al El ectricity [lemand in Canad



21Tr adi ti onal Power Grid

The traditional power grid system ipsoweerc entorwesl
to the consumer from the poni{@er generation and

The classic power grid includes el ements o
infrastructure.grTihee Ptadgrht 3 nwitthle tploevebul Kk gener
power genearsataibdre dtoapirecdawathwvnd Meaes tofanM mi ss
ports electricity to ddeamsearbl ceo ntsou ncebro vpyd phusi nadt Ti
di stribution network i s ctonesiodredreerd loa v ld detnssy oold

the power el eddwn chetywe esn sttlee pterdansmi ssion | ir
segment. I n the consumptwnonagaariena,t ot hteh ev osletravg ec
and a digital meter is installed to measure t

The notion of information exchange between
not exi st, ntolre itsr aidti tliiomatle dpoiwvner grid and th

t he absemnicme of nremmati on regarding electricit:
underused or overused, hence the miheipuet dbihar
i's not accommodated to have an/adhtei notpambt iec it
troducheewmi sel ectricity production through sol
griFd g2a3pag ovi des a gr aphhndegtoiwkeira pglrayd afthidf fi edre-nt i

enstegment s.

A major issue of the traditional power gri
to det etcitmda nf aieladr es on Bheossabstmi $hiremtki ne
presence to acknowledge the geographic failur:
Wireless Sensor Networks (WSN) in the grid ar
refaill me itmfomr maoncerni ng weaatvleer ,| apasesi klhe wirdke

mi ssion |ines and many other applications.



Substation

C:IOE;KQV: ti Step Down
enera’ion Subtransmission
issi Transformer
: Bra?$gﬁl[3.3|0n . . e LCEEL] Customer
Istribution Transmission lines T 26 kV and 69 kV

765, 500, 345, 230, and 138 kV

-
. - LN
Generating Station 4 _,J_’_ Primary Customer

g w Q = 13 kV and 4 KV
h , .

Transmission Customer a a || Secondary Customer
138 kV or 230 kV [y ] 120V and 240 V

2d

Generating
Step Up
Transformer

Fi g2a3Téhe cl assic vi@w of the power g

| Bt he proposed mavee&llntic Mhamensyibiyp nehedan @ mqy e
Management (i HEM) application that uses WSNs.
appliances witchhpabimhiSiNa eadt acarcent r al Energy M
( EMU) . EMU communicates with the smartt hmeter
updated priclas Tthlee cfuist@lmesay in deciding whe
at t hiafti csspf@iéh®N i s used in a synchronization s
home WSN that reduces the cost of energy consu
I n the smart gyidilthbecbshkefl Boetgme ranges
Thus, customers wil/ have to adaphsthupnidreorh ab i
control. The appliances communicate with the
t hampeak hours are avoided for cost reduction |
wi || be able to turn on the appliance at any
make the decisiontaescoedenygettnbesbmepheogtchns:
to a minimum without t oo muc h[6]liTrhtee (WMperRerece& nwis:
the possible advant aghke mrnadu ghts abdw aWwWs3 M giers S rhaar



22Power C@Graild enges

The current power grid faces several chall encg
electricity, the necessity of having wider ra
demanf or incorporation of renewable energy, a

and higher security for the gridbdés segments.

The growing population and their future ne
the delivergyucapati ppwef ©ghed. Statistics Can
al most 25% i n thg f®dMAsiwdergi g0 tyheearcsui ment po

vi diuml Canada, the power Fc @pdacriet ye xrpeeqcutierde menn ttsh
years. The power production capacity is also
tricity has a cruci al role in cewsgiltigaftoronbatn
dential and industrial sectors. d6eés Cafiddd &abs
The natural resources from provinces such as (
expltati on of hydropower at relatively |l ow cos
trical @fThe cewarsreednt hydro facilities are abl ¢
tion buttd hlkey meradvated and i mproved with sma
ciency. I n order to achieve these goals, Conf
$350billion inMlthe next 20 years

20 Years Ahead*

. .? ﬂ
LR R

129 ,831GWhiyr HESIDEHTIIL USAGE

20 Years Ago

st

ted foreca

160.261.6 GWhiyr

* Estimal

197,968.47 GWhiyr

Fi @24Popul ation projected by Statistics Canad
resi denfl al usage



23S mar t Grid

Governments and vuakilng ye fcfoonrptasniteos naordee rormi ze t h
t he demantcse notfurtynhne T2hle new grid is expected to
tion and consumpavtaiyord | otwo ogr o \nif e mawo on, | mpr o
andhiveel es efficiency, i mmer sion of renewabl e
whol e whil e beibmeal$dthalleabl e and self

The i mplementation of the smart demandadame
electricity, provided that natur al resources
empl oyment of this novel architecture brings

and consumption, avaelabivVictyg, dhechdpabir bibi yeny
ment fr i ecnodnlsyu nwehresr ecan participate in the proi

solar panels and wind turbines.

The concept of smart grid pledges ama adc aamm

with a more efficient management of resources

components of the grid able to control t heir
They wil |l be able to prodece antasephnehs ene]
utility company.

The smart grid takes el ements from the cl as
requirements. Compared to the classical grid,
eney from various resources. The transmission
energy to the distributiofr eoeywalleeatbd ned hseusceh s
sol ar gXh)do-wa rnida balse hsyudcrho a n d3 )y@nmoe rheew anbalber,i anbd ne

such as nucl[@ar, coal and gas
The transmission network equally accommodat
storage. The distribution rcomppawvet germmen ateisorr

Further mor e,witlhbeb bceo ntsau meea rser at t hwainbde sptrobree deelde ¢
the centr al endogygchtevetyheemptbgberesgdepped

meter, an enlertgeyr fSeaevi(CcESI ), and smart applian



the smart meters and other smart dewiagesvi rman:
|l ess or wireline communication networkacThe o
with most aspects waythetwoi kl.todotcosescta fttaos
households and other devices. The operations
information and makes deci smamage Tdired mao kred i I8s:s
commercial perspective. Finally, the service g

install ation[7l7and maintenance

Many countries are renvea&rcclilng@gbared piorweestgir
porate renewable energy and to make use of ex
ada, al most every home ahnds nsamatl | mebtuesrilsn stehsaotf se m
UseTOHB) gor i tehsns ttoheasasmount of el Eicdf&5ipaietsyenu se d
the drastic i mprovement in terms of power con:¢
and TOU al gorwWtthim mor ©intsamhi mods, nthe consumer
respond to price signals and system conditi ons
tion. I n the USA, the initiative became a f ec
Departmegydoef OfEhiece of Electricity Delivery al
ican Recovery and Reinvestment Act of 2009 wunc¢
ment, massive sums are spent in renewiqmualtlhe Z
made in the Werepthe Bneogy Burog epaed2ss Godfmmd Grs-i
sumarbBave a smart metddofrordeR0byt ri city and

Hourly Ontario Demand of Electricity

=
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Fi ga5Teg pi c al dai |l y opower acoMesmmgday i n On
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2.3.1Smar t Met er s

At the consumer end, a smart meter wil/ be i1
through Advanced Metering Infrastructure (AMI
have accesortnmatupodiatred airndfi ng t he demand and t
ti me, while the supplier wimpltilmave ni rsfpercmdtiicor

dependi ng otnopgdleo qye.t wor k

The timeline of thearnmihfg@mrimd thiiogrRMuaoTuht et esima mt
meter collects the information on a periodic
i n eNPelNyf ywhose i nformation wilnl theN t Blkese owier e |l
towers will facilitate the exchange of infor m:
electricity company wi || be able to assess th
station wil |l tsherhodutghei samep aeat ev® rAks bsaucckh , a tt hteh e
be able to bédfereanmarabhgpl Aneing depending on

utility station.

A = N o
E:lrlgl[] — | :
= me

The Smart Meter will The information sent The utility station will The customer will be

periodically send infor- from the smart meters process the received able to manage the
and other linked wire-

less devices will be col-
) lected and sent to the
sumption. utility station.

mation to the utility information and send financial plan.

station regarding con- price updates.

Fi g2@lenf or meotwi am ft he Smart Grid

By haviewgyacbowmmuni cation channel, the wutil
information on consumer 6s el ectrical usage, m

support applidhfte | evel reporting



Smart meters can use different pricing al g
Condition Plans (CCP), and-Ohbdege Rkeal cdmmanyl a&ah
electricity acr osos tOnda aCamaduisaers prhoev iTnoOdde bi | | i
sets fixed pricepsalkl oanopeafkf hpaak ,dempandi ng on

ends and holidays, the two | atter of which ar
are haet ti me when consumers are home, bet ween 7
PM, and are Dbilled more than the rest of the d
for example in cold countriesiwherad utehe |Ithe R
varies according to tihlel real time supply and

The aufliRorosf feefr a comprehensive desctrhiepti on

el ectrical grid and of the customer 6s benefit

232Communi cation Layer

A very large traffic of data in the networ
communication | ayer ,t hehicoom saarelre catnsd o aotrawvafrrdesm
pany. At the same time, the purpbeeresoempksy
efficiaeont|l yoamdd new consumer s. Empl oying a c
Wi MAX stanbdeard sobubudi on tnoe cdke aelf fweictth tthhaet bwoitltl
smart meters and wireless devices associated

the utility station.

Transforming the consumeurr ei notfo tahne ascntairvte gp:
exchange of information between himself and t
of the smart grid, the corresponding segments

power systFemg2ahvwey ecran lnmbserve the associated po

cation segments. The houses are assumed to be
mation to the | ocal smart meter regarding con

The i mplementation of the smart, gsrtiad ttwinlgl
the way data flows from the utility company t



wi || be unicast or mul ti castti.onUnsiecnas tb yt rtahfef iuct
i's foossaedl e destinati on. Mul ticast traffic e
mation from the transmitter to a group of des
meaning thawithereoepaaeyinformation from mult
This will produce a communication bottl eneck

or even [BR,opt hda .s dlInuhtiisonp rfoobulnedm twoas t o | mpl e me
Net wor k (Q@glignogr i t hm. This i mplies combining s
coded packets that allow a decr easebdlCatuntbheea o
NANNSsuUres adgi vdiresiptax,kets are dispersed througt
By using the s[@Butiaomighevi dedeinof security

an attack, the cddhdedrpaeqpketds, ddant ominynolte be de

by udGandigh reliability |ink is achieved.
u ‘E“i\ ’!\
, &1 60
Microgrid
Substation ﬁ‘n;;rt Customer
Non-Renewable Energy Substation - g
s Valsva, ‘i
ﬁ l\f'\l ] U‘“\l ] [\f\llm @ ﬂn Electric Vehicle
- | 4
Wind Enegy Solar Enegy ," 2 Microgrid
Power Generation Power Transmission Grid |~ Power Distribution Grid Power Consumption

(a) Power System Layer

I%Q_Ogl (@ @ @“" {}‘.&’\::
E g X .a MY
-;i?&\.i-

3G/4G Cellular, Ethernet

—

Control Center

DSL, Leased Line, 2 z i 802.15.4, 802.11, :
Fiber Optics Leased I_Slzgﬁjer Optics, Wireless Mesh, .. 802.15.4, Zigbee, 802.11, ...
Wide Area Network Neighbor Area Network Home Area Network

Wired Backhaul Network (WAN) (NAN) (HAN)

(b) Communications Layer

Fi gafiCoonceptual System ArcHiBtecture for

PLCs consi dewme&sgaodawgy to I mplement the
t hearstm gri dés di sfalugbhudirtsoa mabgwef kect s of noi
for smart imapelrsinge PLE&ias es uibrs t tame i cad n n escstuien g dau

di sconnectdewi @ kict rnciade affects the quality

Mp



di sadvantage brought by this implasmenothtaopow
failure. This i mpl-ameptanhi bhat ewgul tiems fchaesbea edife |
power outagE.fddsber wbe&k ahso the quality trade:
tive cost .

Anot her solution found formumipdatmeon i ngy & rh
vi de[dbj maysbrai d combi nati on Db et e eunthh®oLr&s apnrdo pAd sV
i mpl ementation of the | ast mile with PLC and
seems very appealing since the inflrfadter Wectawr e
baclkueth i mpl ementati.dmoitherhdybirnk i elpil almehi &
[1 where a combination between W MAX and WLAI

provides connecti wi tamdbeatwéen ysmamtpamegt er

[1F[1B ar e psreevseeonathhiunngi cati on technol ogies t h;
di fferent segments of the commuHANatdbohf eérmrgrt
net works for a wider coverage suchDSsls tf2o@, 2. F

| oshgul communi cation.

24Wi MAX Specifications

241l ntroducti on

Wi MAX i s based on the standard | EEEI8Q@Y. IT®ramM
crowave[lBccé&&E 802. 16 provides fixed and mob
cati on. The released standard | EEE 802. 16¢e€

| EEE. 802. 1®dvairsdsgé¢ a xedt-gwiirnetl essrmdu ppbaiiprioti nt | i nk
| EEE Computer Society and the | EEE Microwave 1
Standard for Ailardblamtde Wi a ®@é¢ e §Isf AwBlciecsts Sfyfsdreansa
assessment over the W MAX specifications, i nc
both fixed and mobile W MAX systems.

Wi MAX was built especially for communicat:i

ast offers very high transmission rates at a

MC



was devel oped at a time when there was subst a
alternative for the wired Swhmmurmiilicean | binme)hb & n
accl@9P¥he advantages delivered by the I EEE 802.
are the[lfPoal | owi ng
1 Quick depl spymentarehenare hard to reach
1 Overcome the physical l'i mitation of wir
1 Reasonabl e cost;
1 Broadband access services for a wide s
1 Hi gh data speed: being @®bpsto reach an
1 Rangfe coverage much | arger 5tRhneen ot her wi
Al t hough the technical specifications of Wi MA
radius with a single base station;ofstibghariesason
(LOS) antdi me trreaaflfi c and negligible attenuat:i
radius of 4, 5 miles can provide high speed c
conditions. The range candgd. up t 10 miles i
242Characteristics
I n comparison to other communication technol o
tures for a reason&hlCe Tbhest exrbempehbgbiPtbasiiShL ,t h e
BBPLC, Universal Mobile Telecommunicatiaaores Sys
found in many research papeeomsmansi vataibbdmre I anpe re.
Attribut ¢DSL BB-P IC UMT S Wi MA X LTE
Daat rate [2Mbps|10Mbps |1Mbps |7 Mbps 7 Mb p
Range ~1k m ~2mi | es|~5km ~4k m ~4k m
Fl exi bil iMedi uitMedi umMedi unHi gh Hi gh
Net wBugp(Compl (Compl e|Compl €Si mpl e |[Si mpl
Cost ~50S% |~-10068% |[~10WS$ |~4 O0WOS $ ~4 OWDS {
Tab2l€ompari son of differgal communicat.i

MT



Wi MAX standard provides several frequency I

each oTfablbheeers,cri bes some of [LPeir main charact

FrequencyDescription
1066 GHz | ADue to short wavelengths the
Licensed| enceegilsi gni bl e;

ASmall office app are well sei

Bel o
Licensed
Bel ow 11| ATypi cal5-§GHizsibnands ;

License ASi mi |l ar tedGHRosecehseld bands

w 11| ALOS is not necessary and mul t

Exmpt ed ALi céemsempt status introduces
coexistence of other devices
come by employing a mechanism
guency, which iiscailntarnodd uMaecd |ig
Tab22®/i MAX FrequldE®cy bands

| EEE 802.16 MAC recommends f iUne odatce derdi eGx
Ser vu@gERe(@allme Pol | i mg)PEetreen €e&ldi (fiRee aRol | eng,PSer vi
NonRealli me Poll(hn9)BB8stviBEEolrhte (Base Station per

request/ grant scheduling in order toademessi o
and transmit it further to the subscriber st
Quality Qb)PSerawmeder(s. The MAC | ayer provides
and usage rules TOTa&®Be i bed as foll ows in

My



SchediyDescription Appl i cat

Ser vi |

UGS AUsed forBi®Gan=et asretr vi cetsi 1ATI (BN @
uplink flows with constanAVol P
ALow |l atency and |l ow jitt
AUGS | ows are given prior
services;

rtPS |ADesignated tomsupgponvi ce(AMPEG
size of packet s; MPEG vid
AThe subscdebenestaheosiz
AThis seroriecer chgaudesmt over

ert PS|/ACombination between UGS |[AVol P
all ocation of base statio
manner and from rtPS take

nrt PS|ANo-netailme $é¢owisgcevari abl ¢AFTP
mum data rate; AHTTP

BE ASupports data streams tHAEmail
anteed rate;
ABE packet s ttarkaen d mimgiegeastt
w o 5;k

Tab2A3®/i MAX Schedul2png

Services



243FDD, TDD

The W MAX standard provides two ways of sepa
stream. The transmitted signatatead itmeoreeri v
situations when the station receives its own
received one. The duplex technique sephairsates
can be obtai ned clyy Duavp Isg xolnn gbr @G O0D )mea Pl ex $ ngn
(TDRP.

FD@AI |l ows the transmission of the uplink an
Since higher frequenctied by eatmoereudtiikend yt Hen bt
the | atest are usually employed for the trans

cies for the transmitting band of the base st

TDBeparates the trandmi tttiend.amddher basievesd ag
station are transmitting alternatively. This

mi ssion capacity between the uplink and downl

244Physi cal Layer

| EEE 802t 36dsdpepoent physical | ayer specifica
tion and duplexing modes. The foll owing physi
interface nomenclldTab2dpaondi descaipgeésoni pti on ¢
interfaces defined i nWihel s MAXest apdhrtdasuAh
Carrier (WQ)e,l eWisrMAINess Metrop ClairtrarerArAeca eNest
| ess™Maan) , Wi rsepdeesds Wnlgihcensed Metropolitan Are
Wireless Metropolitan Area Network Orthogonal
MAN OFDM), Wireless MetropolquemcyrRBiav iNeit oviro r M|
ing Access (WirelessMAN OFDMA) .

I n OFDMA mode the active subcarriers are ¢

which is termed a subchannel. I n uplink, seve



the trassmghedrto more than one s uwbaahmsaendn ely. dli
ent receivers.
DesignatiBand of {Dupl exiitNotes
Mo d e
Wi rel esSsCh1 &6 GHz TDD, FDISingle Carrie
Wirel esshN211GHz Li(TDD, FDISi nglrei €a t e(
Band NLOS;
Wi rel essN211GHz Li (TDD OFDM for NLOS
OFDM Band FDD
Wi rel esshN211GHz Li(TDD OFDM Broken i
OF DMA Band FDD to provide mu
single freque
Wi rel essi211GHz Li(TDD May be SC,an
Band Exen OFDMA Must i n
namic Frequen
mitigate inte
Tab24d®/i MAX Physi[ZhI Layers
Thet snd&mBH 2. 16e defines multi RIBe subcarrier al
1. FUSEul |l y ubsséhchn® el i zati on, the subcarriers
guency channel range.
2. PUS@arti aldbyc hUassnendetS o n , sever al scattered
used to form a subchannel
3. AMGAdapti ve Mododiang,ons uvabncdh aG n e | can be <co
groups of subcarriers.
Fi gR8sehows thhud edli sathrdi adj acent subcarrier a
using the AMC, FUSC and PUSC subcarrier all oc
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2441Speci fications

The W MAX Physical Layer offers broadcast acc
MAX was seen asthaen DaSL etrencahnovlegogtioesf ehaéa fWwast
accessible anygy onforper oeil diamg ebwaadband access

on a | arger distances.

The fixed W MAX specification requires a f
l ocati on, whil e the mobile W MAX all oswsemovem
ployed in fixed W MAX and OFDMA is used for mi

The fixed W MAX system specification uses
cyclic prefix can take values from 1/4, 1/ 8,
chanmdlwikda h can swing from 1. 72MHz to 10MHz :
from 2. 5msec to 20 msec. Di fferent typseyss-of mi
tem from whBSPKyWw&OPSKn 1[@ip64 QAM

The mobile extensi8h2eolfdftf ea ss taa wd adred Ir BEBE e
and selection for different types of applicat

modul ati on, over al | code rate etc.



The par amettlee smalsielde b QFDMA f or TWb2BAX ar e

Par ameters Val ues
System Channel Bandwi ¢ 1. 2 5 10 20
Sampling FpMHa)ency (F 1.4 5.6 11. 2 2.
FFT Sigre (N 128 512 1024 204¢
Number -Gha®Suomél s 2 8 16 32
Su-barriers Frequency 1 0 .k9H4z
Useful Symgdl/ flJime (T 91. 4 Osec
Guard Tg®® (T 18. Osec
OFDMA Symbol BupFadli on 10 20s% c
Number of OFDMAsS S§Fmb oé 48

By
and c

ar e s

Convol uadi¢gn@@@o rCv ol uutrikbondailngifag@TECrpeti ti on

Tab2a250FDMA Scal abi [2iDt y

addMiChghybrid automatic repea

apacity for Wi MAX
upported for both

Parameters

t request

pr

ar

n mobede Bappyi madulbat i

upl i :n ko fanado diorwa | ti eddkh rais

Tab26@r ovi des a summary of the

coding and

Modul ati on

rate

r

Mobil e Wi MAX.
Downl i nk Upl i nk
Modul ati on|QPSK.@AM6 QAM QPSKQAMGE DAM
ccC 1/,2/,3/,%/ 6 1/,2/,8/ 6
Code |CTC 1/,2/,3/,%/ 6 1/,2/,8/ 6
Rat e Repeée -|x2 4,x6X X2, 4,X6 X
tion
Tab26&upported Code[@Dand
A complete set of speidli eadg i wintsh itsheraoat a
modul ati ons amuudce wacskidndg otre dhlartia transmi ssi on.



can

b

Par ameter Downl i Upl i nf Downl i Upl i n
System Bandwi SMH z 1 MHz
FFT Si ze 512 10214
Nul | -C8ubiers 92 104 184 184
Pil otCaSub ers 60 136 120 280
Dat a-Caulbiers 360 272 720 560
Su-Bhannel s 15 17 30 35
Symbol Period 102 .0sec
Frame Duratio Smsec
OFDM Symbol s/ 48
Data OFDM Sym 4 4
Mo d . Code B 5 MHz ChMbpses 10 MHz QhMbnpng
i CTex , 0.53 0. 38 1.06 0. 78
QP SK | CT4, 0.79 0.57 1.58 1.18
I CTxX, 1.58 1.14 3.17 2.35
i CTiK , 3.17 2. 28 6. 34 4 . 7
b3 CTC 4. 75 3.43 9.50 7. 06
1AM I CTC 6. 34 4.57 12. 61 9. 41
3 CTC 9.50 6. 85 19. 01 14. 11
6 QA M I CTC 9.50 6.85 19.01 14. 11
2/Q3TC 12. 67 9.114 25. 3/ 182
3 CTC 14. 2¢ 10. 2§ 28. 51 21. 17
5/@&TC 15. 84 11. 472 31. 68 23. 517
Tab278Mobi | e WhWMaXc DlatlaayRart es wWihtam[RPUSC Sub
Wi MAX confpiegrumiattsi oan TDD framing that
that the bandwidth ratio bet ween2Hupsltiudki easn dt hde
fects of an adaptive bandmwiidntkh cahlal noncealtsi oinn fVairl
met hod of all ocat ifoonr -thianmed wsi edrt vdi eceedd fopieedn it Iny



2450FDM

245Wor king Principle

OFDM is a modul ation for mat usatdibn séewvedal dwi

vides immunity to multipath fadingBanBy emai ti

pl exing the frequencies orthogonalliyswsmmperriac
compared with the Freqoeesy DODFDMA) onONMDMt abl e\
ment of carries in such way that the sideband:

ing or creating adjacent camaliseri g nftaeaifleirteantcec
nance of the orthogonality between the subcar

The principle behind OFDM i s-bbbtasteed doan at hse r
into several-rpaereakbktekeames@wenhdbBinbdamabnngeparat
call edarsuler[2Bor tones

OFDMA is the multiuser version of the OFDN
individual user s, and abfodatai mbltanebasi hga
di uFm.g29per ovi des a gr aghitchael OFDWp aarnids osFLDOLMA a | |
channel £aamdeswsb

OFDM
DL part

Sub-Carriers
Preamble UL

Time

OFDM

. User1
B user2
. User3
I vser
D Users

Time

Sub-Channels

Fi g290FDMA ver susclOodamMe| s adomaiBPes s b

HP



The advantages broughtl2pby OFDM are the follow
fT1t does ratr ruse igrutagrd b a nelcst,r vamm dncoirben tel fufs e
comparison with FDM,;
T1t handles multipathikastf dotus i B &)alhedalnbhyeo u mi
verse Fast FJdwrEiTer Transform (
T Robustness against narrowband interference
T OFDM transmitter nd ecasty dfof iianpd retment a
T The capacity can be enhanced as the data r &
on the SNR at a certain transmission;
T More robust to fading;
T Can be used for high speed applications;
T Can be adMupltteidp Ifeorl @aptupg u tMugl Wi thdeDne;
The di sadvantages of UzBing OFDM are the follo
T Strict synchronization requirements, as OF
frequency and time synchronizati on;
T Peak tgeAWweomwer Rati o depends on the number
i ncreased number of eairbetpaadreargse wioMNelrtarriggdi:
pedlaverage power r ati o nhiarkeeqsu etnhcey daenspil g nf i cef

ficult;

T Cechannel i

2452Tr ansmi ssi on

The transmitWe MAXf s

nterference

mi tigation in Cellul

yse e@FDBMmMbi nes the foll owi

Convelution
Encoder

Data
Generator

—,

] [ Interleaver

Modulator ] [

IFFT serial

Insertion .
conversion

conversion

[Cyclc Prefix

i

Serial to Parallel to
parallel

Fi gAIr®Br ansmitt eWi

MAoX SOUEIRMe m

H C



The information is generated by the inforn
the convolutional encoder . Depending on the d
code might require uptunbcittusr.i nign tdcwer cooadseed hoauw epv
will use QPSK I which does not require punctu
wi || be modul ated into the desired modul ati on

Each OFDM symWNbBobcaont ar ssTyswe d dih jiilu rTahtei osnu bocfa
rier spacing i s:

- (2.2)
W] .,Y8
The OFDMssgsteme source symbols as they ar
assumphieodur aseDMody i@ l s i s
_ (2.2
@ T ® Q1 R 8
T
The I nverse Fourier Transform (I FFT) is wus
main to ti me -domaii mwsoifiggeavbeyqnye
o (23)
H_— © QC nm o “YQ
wo Owl hH O N V_
Il
Ut D QI8Q
whefh ,is the unity amplitude rectangul ar pul se

After converting the symbol to time domai n,
prefix adijsoattder abptBhl+sgygimbbeedxipeaad after ad
cyclic prefix halFthe foll owing relation

) o Y YN m oY (2.4)
o wo Yn Y o Y
™ EMNi 0B Q



After concatenating all OFDM symbols in th
band signailngpk: the foll ow

- (2.5)
i 80 o iy 8
The transmitted radio frequency[2di:gnal I S
io PAI®Q 8 (2.6)

2453AWGN Channel or I mpul sive Channel

The input signal processed by ssamte clompwgh nagn b
channralitght i nclude or not i mpul si wa gRiriese con
The I mpbhlheaneé was chosen in order to examine
transmitted data tussinmg Wi MAX specifica

Equaginonprovides the exgpre Reidomiedgemmad s on t
i nput Sgimpmualsi vm,nado AWEN noi se.

'Y Y '0¢ 08 (2.7)
AWGN(M) Impulsive Maise (In)
] Y Y
{: {: Cutput signal

Input signal J

Fi g2Arlempul si ve Channel system

HY



2454Recepti on

At the receiver side all the operathynesm-perfo

pl oying the following bl ocks:

Retieved Viter De- Farle t Cycc Prei Se to

. Demodulatar sefial FFT parallel
Signal decoder Interleaver . . Remaval .
s Conversion Conversion

Fi garRBecei ver -Wi oMA XOFSOAMbt e m

The serial signal resulted afteevpasabi pgras
|l el streams. The cyclic prefix is removed frol
ti«themain signal into frequency domain signal|,
binary form. T-het er beavaiteadaibbdh ddleec oddlé ng @nl habe
deci sion operation, the decoding is explained

soft decision useshmeétobitoguabiti zadif opr anids |

2455Wi MAX in Smart Gri d

The defsitglme wireless network and the selectio
when the smart grideigailbweimetnt s9tod rt thiler ged wiatt ir i tgh
generation areas and ending wat hat hetheggei sem
to have appropriate standards. A smart grid i
and other devices that need to transmit and 1
Creating conneemni vitgsfoanspg2PnaeygcWaMAXnBang . S
is used to create a two way connectivity betw

station, carrying infanmeati arycoére ¢omeymptoiadn c

Il n order to select the best solution for t

tors need to be considered, namely the cost,

H ¢



envirammernutr alooawrdb aoru,t Wiod& X i s presented i n n

reliable solution to fulfill the challenges i

1. Home Area Netlwoonkp o(sHAN)of el ectri cakedppl i a

to communicat AMiwd schgpei rhi,ks AtMd . col | ect the i nfor
installed in households and to share it to th
be wireless or wired. Wi reless communication ¢
nol ogw,s dwovh cost, ease of i mplementation, wid
does not requireila0 |kabrpgse vpbiatnhd wa dctohv eartagle of 1C
gies such -Bs Rbh@®Beled Wati sfy the above requir
2. NANThe communication structure supporting t
demand response, remote disconnecf2l]f orT hleo &d Nc
needs to cover aerfewns@gautarumdil eddhtofhi amar ti nmwe
residenti al and btuosri nneosdsee sc oanrneeacst.s aa cofl @ vepga o fd ¢
the trafthembandaweeime Aoothet rcequierement conc
temchyi ch has tanlSee ch.etT™weent echnol ogies that sh
straints afd CW MAX, BB

3. DANL.handl es the cumul ative metering traffic
the downl ink, it heasmdidleess ftore dlisad i dartiroml amd 3
Ssudt ati on, It manages the video surveillance
bandwinddt hc o v er algleMb s5ph @knbhdastency has t o Tohee | ess
publ i[28t poersents a study on the smart meter i

the DAN. autfhpPprrsovofde a characterization of th
i mpl emdnwi th W MAX through different applicat

Tab2lldescri bes the characteristics offered |
that could be DANI dmenwedeflocommé @i antli O6LI na

use existing electrical and telephone conduct
wireless technologies, we can obsamgrangenabluer
with a far | oweBBRIbE aPLlt & atne d hreit pouheh gdrs s paed d:
transmission over the public electric wiring.
requiring repeaters for | ong distance and it



handjral eess i mplementation would provide a | ¢
empl oying a new infrastructure. Having very
further analysis the table displays$ogi WisMAXT &
accor dqaln,g tthoe same saft dabat esatien renge, fl exi.t
costl2l,l n Wi MAX i s sel-ccegteddu sdsadasona amorieg iims prefe

munities and has been deployed in several fie

| h2 B, di fferentyzvead iiarb | & sWiaMAX toeattaeasviea 1t th a t
grid. The exwi mwlhaltuicaresd Wwy i ncreasildd 0t hen rau b «
with random distribution. The resul bvedicomleay
the challenges brought by the smart gcedatt he
decent cloesvte.l schhupgflnher he si mul at i oDbnAsNalad et cenaacce

network. The attributes simulated where the p
ing capadciscwal ability.

| 1, the scenarios are designed and simul a
tion model . Three scenarios are evaluated: t

coveragot tadi ks | omedeersgr itdhei mserceoansdes t he num
cell in the same two kilsb@eseartadmetey sapert e
radius between two and five ktiRD medtearsde ald ef csr
time polling service, which provides a guar ani
however have any assurance that the packets ¢
station control ntoea tédeodowads i akl aodat upl i nk.
t seubscri berre spaltlieochsafter every I nterpolling
option of transmitting a bandwidth reqAXst wh:
sqguare cells are used with a circular distrib
asymmetrically distri dnotdvead & ppé ideoadnol i sniskd eatnedd tu
t he trafFfiilce nmadelsfH R v #rnestnoicsosli o(n CohCPamld Pr ot
singl e Unegs dDad agrudbPRr Pr ot oc ol (



250PNET

The simulations performed in Chapter 3 were o0
now known under Riverbed Model etoolThi®atotbwa
sever al protocols and technologies that help

gi@g. OPNET contains a | arge | ibrary of comme:]
| esemmuni cations t eEihnoWioMAX,s &iu&k,hB bhasg b el h as
for other wired technol ogi esl.evG@HANEaln ds,i nduel paet ni doi

standard used, it also offerse sug@tpwonkd.or sim

The structure of OPNET is divided in three
the node domain and the process domain. The ne

of the objects defined iempitlbgemodelchnoslolgyast

| ocation, interconnections and configuration.
mai n. I n this domsatiantainahnodl @ se sutcdt msnwortker mi neé
have theinctiinotnesr ndaef ifnue d . The process model s
exi st in the node domai n.

I n order to model traffic using OPNET soft\

foll owing the arkEihg2lre8ct ure described in

Applicati
(wProfile ’_[ Pplication (wTask
Definition wApplication Definition
wODbject wDefinition wObject

_ Object
\—[ Profiles ~ \—[Task +Phas%s

Fi gAr&Ehe Applicati o@BModel Hi erarchy



1) Profile Configuration

Profiles include a | ist tod adipfpflercertti oinse ramn dr d
pattern that they are assigned with. Many ©pro
profile describes wuser activity over a time f
profilwe magrthai n characteri andcsepentlabpeéstyro
mod e . Even the profiles for different users a

The soft whpeoes soifbfielristy of def i ni ngr atthieo no paenrda trieo
ability for each profile.

2) Application Configuration

A user profile is built wusing different appl:]i
' i mited 1 ist ofs,stheontdaabrldy adpaplaibcaadteijoné magiRle moF €
Vi deo Condred ediiloneg,s cust om appglainc alteifo me whher &

scription, Transport Protocol and the Type of

3)y Task Configuration

Mul tiple tasks define a custom apwiltyawitominT
context of applicanibaescoidhegtaeth nbhmttdwaor cahl

4 Phase Configuration

| f we choosethe tcoK immamawe oal snannmeaédyt o hagef i n
t hat are i nclpuhdaesce iim ant asnk.erTvhad i n which a ¢
a task is occurpoinmgetdd-ode feiaceh tphheas®t art ti me
source/ destination traffic and the pathatrnonof
The source/destination traffic incilegdesst! teima

request count ,amdndgouaacskte tp atcikneet. si z e

The results obtained after runni ng ntolde si ml
statistics and | i nske ss tiantcilsutdiec sp.e rTfhoer ngalnocheasl osft

each standard that wasoomsam,sdeort leexamet worflods



t hroughputt.scNhdde rsttahteng ks uiln st Heort e@aelhogy f or
i stics as stthke Jghebadl nkt ateisul ts give the outco
|l evel such as point to point del ay,Thteh rmawnghagu:
[3% provides a comprehensive description of OF

mation in order to use this software at i t s f

26l mpul si ve Noi se

The i mpul sive noise is desaowiameedbynorinasardpmaks
plif3bbde I't i s caused by external electromagnet
categori es: -nmaadteur adsuaand ymarhe nat urreall icgahutsiersg c
t hemadtorms, whil el ntchleu daer tiigfniictiiaoln csayussteesm of m
i ndustrial machinery, electric tools and dome.

The influence of the i mpul sive nditsoce bwea ss e n
through telephone | i,néde. ilmp udmminove esdmmemisced tfi
porary disturbances, sduchngsaspaopencosgserant
noi se I s seen more |ykedegonade barytmudlihat hevei
t hrough commerc[BRh! telephone | ines

Over -hlawndg tranbmi ssnpahsive noise is consi d:¢
interference. I nthe geftfaéctc® monfunti ckatiimpul si ve r
of errors. This type of noi seandgemomecfoweguent

Usually the effects ofwitdhee biampdu |ssyisvteelrngo sasree
i sued to t httheismalofndaih®e as a frequent model to

over the communication channel



26.1Li terature Review

Manpapare antalHe zefnfgects of the€ nmpwbs ki3, saocChe
[3YSonoef dafhfeect s of i mpul sitvrea nnsomisses ioovnd3d & rdei ga nt &
Art i[3¥8B euses the effects of the ignition noise

noi se and design equipment to measure these p

UsuatlHey effects of the-wimdgulbainde siysit ®ensi art

only theotdermalused to define the effects of

channeilnf |Tohtkent e 1 mpul si ve amail y¢eid nwihweirdee tbhaenyd
measured and st udoiresd iTnhdeoyo rcsh oaomnsde ocentvd o onme nt
el ectromagnetic radiation such as a haonsdpia al
bus terminal for the outdoors model. Househol
are dernessd sources ,whHi d mpalll sa vmp emiok sseeggy s¢ @n s e Wi t
sider ablod rufdlBerrterseat esgemermerefdor mi ng el ectr
guency medod hamemdssout doors to observe the 1 m
guenci es.

Substation impul sive noi se AmrNIi4dlf écenaatp atr lee
three different model s Beefr nompuli siGaasssdiane:and
model . The authors of the paper propose a pa
noi se. This model provesi mpuh avdeiestthreiibsuetoiscers t mer
at differ entmesawslugtearteindmss .arfehedone at different
for different freqQuelHez UGBWAaNds ranging from

Research | itesatuteontfthes mhdaeyt 3eof the i
over wirelasisomr ofpyhs tpermosposes a solution that
noi sy signal adaptively into oscillatory comp:¢
filtetredwhihah sshol dvhiideedarephseduct eddtsulhereqecrt
[4P proposes an algorithm that can mitigate i m
ri eOntsdseurppr essisorn os onli mti imo rz ¢ hteh e mputoseared eh eo fc o n

muni cation systMeBdar@&nbphr oposed



26.2Characteristics of the I mpulsive Noi se

Il nt enmnss ®a@&r ch ewda st oc odnedtuecrtmi ne t he nature of the
netic environment of the power substations. T
noise Iis created by partial dischargkey,hicph on
voltage equipment such as transformer-geabushi

[4D .

The i mpulsive noise has a rsafdaomisat urheat wi
rel ati vdeuryatshoonr tand high amplitude with respe
noi se is considered to be one of theansami 8 SCart

whigemnerates temporary |, ompsian adee et asde hay
source that could alter data transmission fo
emer,gedearch showed that wide bands can al so

The i mpul sive noiesieenhacern a b b i e wddashmade bryoi s €

i's generated by automotive ignition, power tr;
t o ¢4l IIs. | mpul[4]l veadm vhiehdt bhe f oddtoemg onrgi e s :
Mi ddl et onl nCltahsitkse Adarspeul si ve noise is stationar

background noise considered coherent . .onteie noi !
the receiving system.

The probability fldensity function is
‘ 5 — (28)
"Qw Q '.—_'Q
aAcu"
m-Di fferent i mul sive sources |

— . ) 29
" o i s the n0|sev()

A=Wsi s the 1 ngpwl $eei mkax, Tsimp urheseen riampeu lasna d

Mi ddl et on Th epsuslosBseshmodudce met bbhangesi ver. The

width is greater than the one of the receivin
Mi ddl et onT hGlsa sabyip@e ars sum of Class A and Cl ass

ocC



The i mpul si vebynotihsree ei smadjegri Incehela raanpttairt iastei, ¢ s

tion aardriimalerti me of pul ses.

The matthe al mo d el tuos edde sicnr itbhei si mphuel sstisve no

Gaussian model of Poisson arrivip@d.delta Rayl

The Bersntoruilddt sdgnétdadéhienyal ue 1 (fAsuccpesso)
or the @af aictthee p) qiy-ab8Nliist a di scr et e arsasn dgmm V
a number to S$talcaht owam otme B fval ues from {

The pirloibtayp macGBNF wdctai cmXdakesarniha&blfel | owi

[4F:
0 p p 0O M p A /00 m C (21D
0 m p A AN mT b p
The expected value ofXig#dBernoulli random v
O N (211}
the variance of BeXinso:ul I i random variabl e
” hpr’] hr,] (2'12
The i np,uSti ssitgrnaadsmi tted through tlhm@mndhanne

AWGNN. The r esRild egdr cdgansadd at the receiver an:i
cal [#BPr mwhere bot hSainRlput @zodpdéexpwt) ues:

Y Y 0¢ 0 (21 B
Fi gar&hotwlse i mpul sive noi se AWGNIrhree nicnep uwister
occurrence iIs represented by the values equal
regpsrent ed by s@mples equal to 0
The 1 mpulsive noise is thé pamducdmmplfex e@d
procggss.,, This means that the probabilitay of h;
bility of occurrencegp and the random amplitu
0t ®'8 (21 %



Total Noise (AWGN+ Impulsive Noise)

0.8

06|

Amplitude [V]

2 3 4

’ Time[sec] ° xmqﬁ
Fi gRAlrdempul si ve Noise Amplitude
The Gaussi agandi stthrei bBuetriheomait @mddf by t he f ol l
parameter s:
DistributionAttributes Val ues
Me a n L
Gaussian Vari ance "
Characteristi(%ﬂ O n. -
Me an b
Bernoul |i Variance bp b=pq
Chrmaacteristic | %] p N NQ N
m n ph Rey
Tab28dPar amet ers of the Gaus[@gphpan and Ber nc

The
(21 bwi t h

ct hearri asct i

me an

functionpoovityhedhanpfud Isli vwei me i

oy

zeronamMmdp .vari ance
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% 1 N PN NQ Q 8
The characteristic flhhecti on of the tot al n
. 2.1
% 1 N p N NQ Q @15
p AQ—  na — °®



Chapter 3
Smart Gri d Appl i

The traffic collected from the pewatedrito daése
relevant power consumers in a community. Rese
applicati ontshet hsaetnts iammudl arteecfefievreedn tt rcaof nfsiucmefrrso m

at the networ k | evoefl .t hDee vhb acrecswitdhtaht iuns et hmeo spo w

through the following applications: Advanced
tric Car, Power Monitoring, Substations Contr
ment , DiEsnterriglyutReeds our ces and Storage Caomdeg ol ,

and Tel ephfoorfxld.or wor k

Many of these applications are associated
as thedMedwvang@nbe ResponseCandappéi EReécobnsc An
category of applications are related to the o0
used t oacassesftdhifecwobk providing eonstutawnéei lalca e

the grid and voice service.

I n this prhapdretr ,t lwe | mpl ement ati ons and si
such as metering demd sprriveiindc,anwceiTdae,d mai ac per



investigaata Bmheotutpkput, packet | oss wsatuidy anc

of the simulathbonds i mels vl tdasadomamai c® mparati ve

An extensive section of this chapter is de
lect ompassuppor tDAN blyn a hi an aldhzee cre gwaefnfti cofb ett we
t he NAN .&mn¢3mANOws t he architecture of infor ma
endi | e, t herssmarrte meendi ng periodic informatio
The coll ector from the NAN will forward the i

st at i oenasc hf rDoAMN wisleln da fttheer wanrfdor mat i on t o t he u!

SmaTt MTters Collectors

r l l I T
- = |

Neighborhood Area
Network (NAN)

Base Station

Distribution Area
Network (DAN)

Fi g8lSemart Grid Infrastructure between

31Met ering and Pricing Application

An essenti al attribute of the smart grid is t
el ectnsgmpticon in residenti al and business ar
ployed to better manage resources so that the
for a | ongerAMdlperra poods eosf at icnmoemp | e x iwcaayl onfie treerasd i

processes the infowaptwbnel ¢ésspcommdescat it wo



ters and the wutility station. The uplink traf
hol d, such as power c¢cormN®lUmMpgeONncCcatrranter pawer
ficatlRBpn Tbe downlink traffic represents the
information received on thdiagplenkryTBO® mratut
constant bit rate with a diddnerceconwrl iotikmbe snli Inaic
Frequeadmates on power consumption provide the |
better estimanheapoweftfetehnhti zRhours of the day.
the customer. Higher rates will be I mposed f ol
time of the day when the electrical hcensaompt it

mati on wil | be broadcasted by the utility com

We are consi der ivheg ya csocl dneacrtioor whoemrbei nees t he
met erMAN nTlae coll ectors will oséehée ubf or mgt c omy
data rate of 500kbps and -ar mpiaxc&klett isme eofofi 12®
0.002sec, such that there is enough time to s
Theowmnk wil lesntoetd gdeute ctoong ower data rates of
The scheduling service used to employ this ap
classification of the traTdbh2B8e sTchhee dWilMANXg pcal raasn
used for the simulation of both uplaib8ke and do

Metering a&aAmdlIR Val ues
tion Parameter
Data radteor (clojUpl!l i5M0: Dowh00 nk
Packet size(by/Upl ilRik: Dowgbi nk

| ntaerrr i val packO. 002

Type of Servic|/BE

Destination Na|Server

Traffic type Peri odi3dni(rewteea sy)

Latency (msec)|{1000

Tab3ldet eri ng Apgl iPoatciiomg2@onf i gur ati on



The meteri ngppandcapriiocni ngs a custom applicat
It contains a singraffaskfivbiwctha cteifraviee s amlie da
wardThe custom application is designed when t
not appropriate. The traffic othegiappkscéat omn

The ematng am@gpprcatngn message RirgBRkseni ssi on i s

man Meter

melenng nformation

e

S

\
h"‘:_:"-’_"

~

Fi g82Met eri ng ampl iPoatciioogy message transnm

Fi gB3iel l ustrates t he taoptpali cradti eornidorsg tahmr d umrhi
the information sent and received by the base
meters and recei vredd ibsy afhtee rbvaasred ss tfaaliloonwead by
utility company after 5 minutes. This sequenc
downlink data daotweri Hehaaimghi hkcantebyesenting
whereaplih& information contains a set of mul
electrical company. The traffic sent by the b

capacity of data transmission of the base sta



Throughput (Mbps)

o
o

Metering (Uplink) (Mbps)  eeeeee Pricing (Downlink) (Mbps)
0.5
0.4
0.3
0.2
0.1
0 -
0 300 600 900 1200 1500 1800 2100 2400 2700
Time (sec)

Fi g833Tdnoughput (kbfpsfrobéeprpet athedMeygkerusgs and P

wi t
S ma

bor

plication over 1 hour

We are interested in dti ndamgbed heu psptoatiteeodnad y

h
r
h

T

S

Throughput (Mbps)
o [l N w £ (&)} (o)} ~ [e0]

outg dfhfeeateiqui rements of the systemOO&Gvery
t meters and acts as a smal l base station
ood and the distribution network.

hei g34sehows t he capacity of the system whe
ideration, as it is significantly | arger

1 2 4 6 8 10 12 13 14 15 17 19

Number of Collectors

Fi gBdCaapacity perfommamanea aPlpe € cMetieomi i s empl o)

nn



The packets will start to drop when the nu
threshol d. I n the casapplfi ¢datei ore,t erh v gt emas tpali
|l ectors.l dhesthmpebed by the capacity of the
and is dab2hdellefd time capacity is reached, despi
tors beyond thi hptuhr ewHdl d,enahen tchornsug@nt and
dropped.

32Video Surveill ance

The power grid cédonrbeaadwassi Bhdusaf geaterthbr
dalism and tampering. Monitori,ng atnhed yma shte isnupbc
power | ines and neighborhood areas i1is a critidc
of aThacél4 ppircolveihdees i gn requirements voifc et hweh evni d
the W MAX standard is used.

This application conti nuotuisrheg Vvieckas dapt brae

ferent areas of the network being an uplink or
and supply i macgepoifnrtosm tsopeacidol | ect or , whi ch
company. Each coll ector has a 256kbps data ra
service selected for this applicataroln wiasme Ei, s
2Zmsec. Thi s application has to generate contir
cation needs to be medium, while the security

despite high volume of data at the endpoint.

Thei deo surveillance application is devel o
video conference. The main characTehbld3RestThces of
i naeri val ti mef i f@amegd hiesi soeloenctngd as fAnoneo si
toring application is only on the uplink. Thi

considerably small er compared with the outgoi



Vi deo

Surveilolnawae a/Val ue

| ntaerrr i val packet tijll ncoming: N®n ;]
Frame size informat|lncomi nQut@g®@0d ng
Destination Name Video Server
Type of Service BE

Traffic type Continuous

Data rate / collect|256

Laency (msec) 200

Packet size(bytes) 200, 400

Tab32¥i deo Surveillance [BRfiplication Con

Fi gBSdei s ptlhaey scapacity reached by the base s

application is employed. The threshold obtain
guired when all coll ectors are sendingoR2&6kbp
this point results in an increased packed | o0s

Throughput (Mbps)
D

4 6 8 11 13 17 19 21 23 25 27 29 31 33
Number or Collectors

Fi g835Capacity performance when Video Survei



33El ecQari cApplicati on

This renovation ohctbespoweéertgrifodorreégei rasomi |
increasing popularity of electric cars is tricg
Pl enty of car brands are joining the prsoject i
port dhieomutibShporasr eofdescr mpongawhyt osvelbeghraseik

the tsngari d pl atfor m.

The amount of electricityomeaieplohbigdy etlcecdltra
vehicle (PHEV) is substantially | arger than t
the time necessary nioes hfargr Rkhal fel®actthower cao
battery capacity, state of chdhegedlrarmrd ctalre ntey
be ciomt act witfftehn tbhee agursitd i d soumcd hafunbahmhdwdmoet i
t he poward eventuall ycodrl,dAAdpbeeg ha ppowemnt age of
charge aheer 6pms once consufreelseiatr rd aares hoanel ¢
be hmped when the gridohatshanbaxtcegiscebadchpwlivitedies
ity twhengrid keeds amflee t o

The results obtained when the Electric Car

venues that are randomly online across @ two K
be either | ocated at home or at random | ocati
spots. The purpose of these applications is t

the chargTa3pgrescenstss t equpaedmebeeamm@miroy ptph e -

cati on

El ectric Car Appl Val ue

Data rate (Mbps 1Mbps

Packet size(b 125

Type of Servi BE
Traffic type Random

Latency (mseog 1000
| ntaerrr i val packeiq 0.005

Tab33&l ectric Car Appf2zilcati on Confi gur

nT




































































































































