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‘ IIegteyopeva

¢ Acvpnoto Aiktoa AweOntnpov
(Wireless Sensor Networks)

— Ewoayoyika

— Data-centric networking pe to Directed
Diffusion
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Katnyopieg duttdmv atabnnomy

* Epappoyeg
Kivnta vs. ctatikd
— YBprowd

e Ouoyevn VS. €TEPOYEVN
— Sensors vs. relays
Enineoa VS. tepapyucd

o ApBuodg ko 0€om tov SINKS

e TOmoOC nEcOL EMKOVOVIOG
— Evovpuata?
— Aovpuata RF, ontikd, akovotikd
— YPBprowkd
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Eopaomoyeg
0 Ecological Habitat Monitoring
o UCB/Intel Berkeley: Great Duck Island

o UCLA-CENS: James Reserve
O Princeton: ZebraNet in Kenya

0 Structural Monitoring

O UCLA-CENS: Factor Building

o USC: Networked SHM

o UCB/Intel Berkeley: SF Golden Gate Brid
O Biomedical Applications

o Artificial retina

o “Bio-monitors”
0 Industrial and Commercial Apps

O Ember Corp: Thermal Process Control,
Shipment Tracking
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‘ KopBot dixtvwy atabntnowy

WINS (Rockwell)

GNOMES (Rice) MANTIS Nymph (Colorado)
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Booo vixo (hardware)

SENnsors

Radio Transceiver

Memory/Storage Processor

Power Source: Battery/Harvest
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Berkeley Motes

MICA 2.
Runs TinyOS, programmed using NesC

ATMEL Atmega 128 Processor ATMega 128L 8-bit, 8MHz, 4KB
EEPROM, 4KB RAM, 128KB flash

3 Chipcon CC100 multichannel radio 38.4 Kbaud, (Manchester
encoding, FSK), 500-1000ft max range.

7 Standalone sensor boards

a

a

7 TOSSIM software to simulate a mote-based sensor network™

* Yuviotartal avemi@UAAKTA yia AewTopepn £pya mpooopoiwonc!
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'Efvmtvn oxovy (Smart Dust)

* 2¥EO0LOGTIKOL GTOYOL
— Cubic millimeter.
— TToAD younAn KatavaAmGT EVEPYELNS

ATTOTELEGNO: TO TOKETO o0 TNpO TEPLEYEL

— AwoOnTpeg

— OnTIK0 avapetaooTn (passive kot active) ko
mmtTn (receiver)

— Enelepyoocio onf\natog
— HhMokn Tnyn evépyerog
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2uviotwoesg g smart dust

Active Transmitter with Laser
Diode and Beam Steering

Passive Transmitter with
Corner-Cube Retroreflector

Power Capacitor

Solar Cell

Thick-HIm Battery

)

1-2 mm—»{
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Smart dust: ngoxAnostg

e Amaitnon LOS vS. kivnrikdtnto
* KatevBuvon civoeonc

* Evépyela, puOuog oeoousEvmv, Kol amdGToo
trade-off

 Link unidirectionality kot acvpuetpio
e TomukotnTO

TpApa HMMY, MavemoTthpio Osoocaliag



Brotutoineg epappoyeg

e ITapatnpnon vyetog
— Enineoo yAvkolng
— Ilentiko cvoTHUO
— Mviko cueTnuo
— Kapolayyelakod cvotnua, K.T.A.

* Teyymtog aue1PANcTPOEIONG

TpApa HMMY, MavemoTthpio Osoocaliag
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2 LVOTITINA Ol TTQOAAYGELG

* [Iepropiouévec oOuvaTOTNTEG: EVEPYELQ,
eneCepyacio, omodnNKeLOT, KUl ETKOTVOVIO

e 2VveEYNC AEtTovpyio
» Evpwortio kou fault tolerance
o KAudkmon

* AVTO-010LLOPPOGT), AVTO-OLOYEIPIGT], AVTO-
eMO10pOmon

o ZNTNUOTO GYETIKA LE TO, OEOOUEVDL
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ZNTHPOTO AVEL EQAQUOYN

e Ilepropiopol vAikwv
— Bio-ocvopPatomra
— Avoolakpiro
e Muovueva 1o mepPariov
« Mn-aviyvedoiuo: m.y. stealth mtion
¢ Acpaiela
— IowtikotnTa
— Interference
o Zntuoto vouobesiog
— Onwc anoutnoeig tne FDA
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IegroQiopevy) vmoroylaTiny 1o

aofnuevTinn 1oy g

e 2uvepyoacio HETOCL KOUPBWV
» Yvoompevon oedousvmv (data aggregation)
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IIeproglopevn evegysta

o XOUNANG EVEPYELONG AELTOVPYIKES GUVICTMGEC
e Alxyeipion evePYELNG
— AL0QOPEC AELTOVPYIKEC KATAGTAGELS
e Xounid K06T0¢ LETAPaoNS amd-6€ KATAGTOO
» Deep-sleep, Sleep, On
* [Tapoyn owpopetikng Q0S
e Alxyeipion EvEPYELNG
— Métpnon evépyetlog
— Koatavourn tov mpoimoloyicuov evEPYELNS

— MetaPdocelc LeTaED OLUPOPETIKMOV KATAGTAGEWDY
EVEPYELOC

TpApa HMMY, MavemoTthpio Osoocaliag
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AcLQpaty emnoVmVIK

Moo emkotvoviog

— Radio Frequency: napoxorovdnon “cuvndeimv”,
Brotatpucol cucOnmpec, K.T.A.

— ® g (active ko passive): Smart Dust.
— Acoustic: vrofaArdooto diktva cieOnTRp®V

» Ad hoc vs. apyttektovikn pe vrodoun
* 'EAgyyoc TOmOAOYIOC
e Apouoroynon

TpApa HMMY, MavemoTthpio Osoocaliag
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Ad hoc vs. infrastructure smTxoyYmYLL

* Emkowvavia and cusOntmpa o€ arcOnmpa.:
— Mkpn) amoctocn
— Ad hoc
* Emkowvavia and cusOnmpa ue otaduo Pdonc:

— Mokpiviig andcTaonC Entkovevio amd arcintpa
TPOG T0 oTaBUO Paonc
— Ymoooun

TpApa HMMY, MavemoTthpio Osoocaliag



Tomoloyia

e 2t00ep1) TOTOAOYIN
— Baoiouevn oe tree
— Baowouévn oe clusters

* Avvouikn TomoAoYid - KIvNTIKOTNTO
— Ad hoc

— Ymoooun
— Mew

TpApa HMMY, MavemoTthpio Osoocaliag
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2 tafepec TomoAOYieg

MetafoAn # yertovov ®
Trade-offs

— Ap1Buodc tov hops

— Ap1Buoc tov yertdvov

Extiunon ypnong evepyelog ®
‘EAeyyog power-aware opopoAoynong |
AmoteAEopaTa

— Power-aware routing reduces
power usage.

— 3D &ivan kaAvtepa amo 2D .

30
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ZNTNPoTo OYeTINA Ye To Oedopeva

» Trade-off ueta&v kabvotépnonc (latency) ko
EVEPYELOG

e AvomopacTtoct) 0E00UEVHOV

— Raw/ovumeouéva dedouéva

— Twn deryporoinyiog:. AmdAvtn/Zyetikn
e Awokpifmon GeAAUOTOC

— Oy mpOGPocm GTIC TPOYLUOTIKES TIUES

— Ipoxdmtovv and dArove aeONTNPES

TpApa HMMY, MavemoTthpio Osoocaliag

20



2 LVEYNG AstTOLEYIX

e 2VAAOYT OEOOUEVMV Y10 LEYAAQ YPOVIKA
OLOC T LLOLTA
e AVOVEQGIUTN EVEPYELU
— HMokn evépyela
— MnyovikéG TOAAVTOGELC
— Radio-Frequency eraymyikn avtiotoon

— Infrared eraymywkn avrtiotoon
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Evopwotia »#ot fault tolerance

e AVTO-TPOCOPUOLOUEVOL HIGOM TN PEC:
— IIpocapupoyn ce arlayéc meptBaAAovtog
— Ilpocapupoyn oe aAlay£EC EVEPYELNG

* Koartaveunuévo oiktoo:

— KdaOe aieOntpag Aettovpyel avtdvoua amd Tou¢
YEITOVEC TOV

— AAANAO-EMKAAVTTTOUEVEC TTEPLOYES ECVLTTNPETNONG
— Oy povo onueio amotuyiog
* IlopakoArovOnon katdotaonc “vyeiag”

— ILy., avapopd evépyelog KOTA TN OLEPKELD LETAOOCNS
OEOOLEVMV
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Enpuiagetg

* Ymdpyer LOVOOIKT] AVGT KATAAANAN Yo OAEC TIC
EQUPUOYEG?
e Ta mo onuavtikd Cntmuota otn oyediaon:
— Kootoc?
— Koatavoun nopwv?
— Awyeproipotnra?
— Eykopotmta?
— Avampocopuroyn Aettovpyiog?
« Kluakwon?

— Exoatoupdpro kOupov cucntmpwov?
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‘ IIegteyopeva

¢ Acvpnoto Aiktoa AweOntnpov
(Wireless Sensor Networks)

Elcayoywa

Data-centric networking pe to

Directed Diffusion

TuApa HMMY, MavemmioThpio Osoocaliag
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To vtoAoYyLoTIO TTOEAOELY AL

o Acdopevo-kevTpiko (Data Centric)

— To dikTUO aI0ONTNPWV ENEPWTATAl YIA OUYKEKPIUEVA
dedopeva

— No sensor-specific query

— TautoTnTa TNG NNYNG TwWV OEQOUEVWYV Eival AOXETN
e E&cidikeupevo yvia kaBe epappoyn

- In-sensor enefepyaaia >‘:

- In-sensor caching o -
e Tonikoi (Localized) aAyopiBpuol

— EnmiTuyxavouv Tov kaBoAikd okonod Jeoa anod Tnv Tonikn
OUVEPYAOia Kal GUVTOVIOUO

TpApa HMMY, MavemoTthpio Osoocaliag
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Ovopuatiopog 6edopevmy

e Ovopacia pe Baon 1o nepiexopevo (Content based
naming)
— “Epyaoiec” exouv ovoua: Ceuyn ano (Attribute - value)
— EmiAoyn Tou oxnuAToC OVONATIOWOU E€ival onUavTIKi
— 'Ox1 kaBoAika (povadika) ID kopBwv: HOvo Tonika povadika

Request: Interest Reply: Data
type = four-legged animal type = four-legged animal
interval = 20 ms interval = 15
duration = 10 seconds rect = [-100,100,200,200]
rect = [-100,100,200,200] timestamp = 01:20:40

expiresAt = 01:30:40
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Interest & Gradient

* Interest meprypaoget (o evépyeia mov npeEnel va EpOeL e
TEPOG OO TO OikTLO GO TNP®V

Ta interests eyyéovtor oto dikTvo amd To Sink
To sink eknéumer (broadcasts) éva interest
To interval kaBopilel Eva puOud yio to event data

Apyikd, To artovuevo interval etval ToAd peyaAvtepo amd 0Tt
ypELACETON

Ka0e kéuPog dratnpet pa “interest cache”

« Kda0e interest entry dwotnpet gradients

KaBopiler to puOuod dedopévov ko pio direction (neighbor)
Ta dedopéva péovv amd v nyn mpog to SINK Katd unkoc g
gradient

TpApa HMMY, MavemoTthpio Osoocaliag
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‘ Awxdoor tov interest

o IIAnuuvpida (Flooding)
 Constrained 1} Directional flooding avédAoya ue tn tomobeoia
 Directional Propagation Baciletou oto Tponyovueva cached

data

Gradient

 —
— Interest
ad

TpApa HMMY, MavemoTthpio Osoocaliag
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‘ Axboor Ty bedopevmy

» Evioyvon, ®ote davoun o€ £va LOVO LOVOTTATL

e Awovoun and mToOAAATAQ LOVOTTATION LLE TIOOVOKPUTIKY
TpomOnon

e Atavoun oo TOAAATAG LOVOTTATLO LLE ETAEYUEVT
TOLOTNTO KOTA UNKOC OLUPOPETIKAOV LLOVOTTOTLOV

N —>  Gradient

N ’ >
/ - Data

| - R

N “/‘
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‘ Evioyvor (Reinforcement)

» Evioyvon evOc amd toug YeiToveg LETE TN ANYT TOV OPYIKOV
OEOOUEVMV
— T'eltovag/ec and Tov/T00G 0MOi0/0VC EAPONCOV VEL events
— T'eltovag 0 omoioc cueTNUOTIKA “aTodidel” KOAVTEPO AmO TOVE AAAOVG
— T'eltovag and Tov omoio eAeOncav ta mtepiocotepa events

— Gradient

—_— Data

— Reinforcement

TuApa HMMY, MavemmioThpio Osoocaliag
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Agvntinn evioyvon (Negative
Reinforcement)

e Pnm vrofdOuion tov povomatiov pe amoctoAn Eava VOGS
Interest pe yaunAdtepo pvouod dedouévmv (data rate)

« Time out

— Gradient

—_— Data

— Reinforcement

[
\
\

‘\.
.\..
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20vodr tov Directed Diffusion

* H petdooon 0edopévav 6e ETIMENO EQUPUOYNG
EYEL TN OLVATOTNTO VO EAOTTMOGEL GNUAVTIKA TNV
KOTOVAAWDON EVEPYELNG

— A€00OUEVO-KEVTPIKN O1dYLoT TANPOPOPTOG
— Evioyvon (Reinforcement) Baciopévn 6e mpocapuroyEc
TV LOVOTATIOV

— E&aleyn ko cucompevon (suppression, aggregation)
TOV OUTAOTOTTOV

TpApa HMMY, MavemoTthpio Osoocaliag
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‘ IIegteyopeva

* Acvpuata Aiktoa AwoOntipov (Wireless
Sensor Networks)

— AmoOnkevon deoousvov og WSNS
« Data-Centric Storage

TuApa HMMY, MavemmioThpio Osoocaliag
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IMapatnonostg/I'eyovota/Epotnpa

e IMapatipnon
¢ XaunAov emméoov ££000¢ amd TOVE SEeNSOrs
¢ ILy., Aemtopepnc uétpnon Bepurokpacio Ko mieong
e T'eyovog
¢ 20VOA0 YOUNAOV-ETITEOOV TOPATPNOELS
¢ ILy., poT1d, e16oAENC
* Epotnno
¢ Xpnowomoteitot yio vo EAYEL TANpopopia amd To Sensornet

¢ IL.y., Eotiec ¢ pmT14G 670 diKTLO
Ewovec tov el6PoAEwV

TpApa HMMY, MavemoTthpio Osoocaliag
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Awxbedopeva oynpote anodnuevong

» External Storage (ES)
 Local Storage (LS)
« Data-Centric Storage (DCS)

TpApa HMMY, MavemoTthpio Osoocaliag
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External Storage (ES)

Dl-l‘ \
R
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\

7/

‘ Local Stora/g'é (LS)//

/ -~ h
/ / /7 7
I/ / /
I I/ I/
I I i
I . I . I
® | | | L =
' QO
<4 \ \
Data \
O \ S, N

_ e mm m— ==
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‘ Local Storage (LS)
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Data-Centric Storage (DCS)

* Ta yeyovota ovopatiCovral pue keys
« To DCS mapéyet Cevyn (key, value) pair

e To DCS vrootnpilel ovo Xsnovpyiag'

¢ Put (k, v): amofnkeveL my “gyypan” v (to. TapaTnpNnOEVTQ
ogdouéva ) ovppmva te to Key K, To ovopa Tmv 0e00UEVDV

¢ Get (k): avoktd TV amodnkevpévn TIU TOV GLGYETILTOL LE
10 key k

 Hash function
¢ Hash éva key k og yewypapikéc ouvietoypévec

¢ O Put() xou Get() Aertovpyiec mévm oto idwo key Kk, hash k
otV 10w Bon

TpApa HMMY, MavemoTthpio Osoocaliag
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‘ DCS — I'lxpaderypa

O
Put("elephant”, data) (11, 28) ®
' Y o)
® O

[(11,28)=Hash(“e|ephant”)

O O

O
O o o
O

TuApa HMMY, MavemmioThpio Osoocaliag
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‘ DCS — I'lxpaderypa

Get(“elephant”)

O
(11 29‘/‘\

PDA

O ® [ (11,28)=Hash("elephant”)

TuApa HMMY, MavemmioThpio Osoocaliag
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‘ DCS — ITagadetrypor — sovéyer

TuApa HMMY, MavemmioThpio Osoocaliag
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Geographic Hash Table (GHT)

* XtiCeton movo:
¢ X& ovotnuaTa avalNINnoNg TVTOL Peer-to-peer
¢ Greedy Perimeter Stateless ROULING oo s

[ GHT J
1 I

Peer-to-peer GPSR
ouoTnua

TpApa HMMY, MavemoTthpio Osoocaliag
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ITooRApota

e Oyt apketd EVPOGTO

¢ O xouPotl kivovvrat

¢ Or home nodes pmopet va KoToppELGOVY
e Oy khpokovuevo

¢ Or home nodes umopet va. yivoov
communication bottleneck

¢ H amoOnkevtikn tkavotnta tov home nodes

TpApa HMMY, MavemoTthpio Osoocaliag
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Adbosig

e IIp®TOKOALO OVOVEDMONC TEPUETPOV
¢ Enéxktoon yio eTiTELEN ELPOGTIOG

¢ Xepiletor katappevom KOUPwV Kot 0AAQYEG
TOTOAOY1L0C

« Aounuévn Replication
¢ Enéxtaon yio exitevén KAMUAK®GonC
¢ ECicoppdmnon eoptov

TpApa HMMY, MavemoTthpio Osoocaliag
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20YKQLTINY] LEAETY|

* Métpa emiooonc
¢ 20VOoA0 unvoudtmv

* GLVOMKOC aPlOUOC TAKETMV TOV OTTOGTEALOVTOL
evO¢ TOLv Sensor network

¢ Hotspot unvopuata

°* LEYIGTOG OPOUOC TOKETWV TTOV GTEAVEL EVOG
0OTO10GONTOTE KOUPOC

TpApa HMMY, MavemoTthpio Osoocaliag
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20YKQLTINY, LEAETY] — cuvéyew

* YmnoBétovtog ¢ N gival o aplOuog tov KouPwv
¢ Aovumtotikd kéctog O(N) yio TAnuuvpida,
O(n Y2) ywo point-to-point Spopoidynon

[eme1df 1 drdpeTpog evog dikthov ektipdron ion pe n 2]

- — | Bs | s | bcs
Kéotoc amodnkevone | O(n 12) 0 O(n%/2)
Kootoc Y10 epdTNnom 0 O(n) O(n'?)
Kootoc yio ambvnon 0 O(n?) O(n'2)

TpApa HMMY, MavemoTthpio Osoocaliag
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20YKQLTINY, LEAETY] — cuvéyew

Diota, © GUVOAKOG ap1BOG YEYOVOT®OV TTOL aviyveLbnKOV
Q , the number of event types queries for

D., the number of detected events of event types

Oy mep1ocdTEPO Otd Eva EPOTNUO Y10, KAOE TOTOV
YEYOVOTOC, OTOTE VITAPYOLVV Q EPOTNUATO GLVOAIKA

YmoOétovpe o hotspot mpokidmtel oe TokETo IOV
oTEAVOVTOL GTO acCess point
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20YKQLTINY, LEAETY] — cuvéyew

ES LS DCS

Total Dtotal \/ﬁ Qn+ Dq \/ﬁ Q\/ﬁ + Dtota,\/ﬁ + Dq \/ﬁ
Qv + D+ +Q~/n(summary)

Hotspot | D, .., Q+ Dq Q+ Dq

2Q(summary)

To DCS eival npoTIHOTEPO €QV:
= To sensor network ival yeyao
. Dtotal >> maX:Dql Q]
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