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| IotooeAibo Tov podnpoatog
« http://skyblue.csd.auth.gr/~dimitris/courses/mpc_fall05.htm

« http://skyblue.csd.auth.gr/~dimitris/courses/mpc_fall05/
— books/
— lectures/
— papers/
— proj_papers/
— present_papers/

* TomoBeTovvTaL Ol SLUPAVELEG TOV ETOUEVOL LOOTHOTOG

* TomoBerovvtar Ta research papers mov avTioToYOLV 6€ KGO
Sureln. Ta onpavtikd pe npdbepo MUST_BE_READ
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| ITegieyopeva

* Kwntd Ad Hoc diktoa
— Clustering o¢ ad hoc diktva
* Aky6p1Opog pe Maximal Independent Sets
* AlyopBpuog pe Weakly Connected
Dominating Sets
* Tymuatiopog max-min d-cluster
* Acvppota Aiktoa AtecOntipov
(Wireless Sensor Networks)
— Audyvon TANpoPopiag € AGVPUATOL
diktva ousOnTpov
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Katw ogto

Oeodpnpa:

X asynchronous acVppata ad hoc diktva
TV onoiwv o unit-disk-graph givot daktoiiog,
0 opBpds TV unvopdtmv mov Bo oteilet
0TOL0GONTOTE KOTAVEUNUEVOS AAYOPIOLOG Y10,
nontrivial CDS, &ivat tovhdyotov Q(nlogn)
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A)yooiBpog

Amoteleital amd dvo Paoels:

1. Koraokevn tov Maximal Independent Set
(MIS)

2. Dominating Tree
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Kataoxeoy too MIS

» Agdopévo éva rooted spanning tree T

» Rank gvog kopfov eivat to Ta&vounuévo
Cevyog tov emmédov tov Kot Tov ID Tov

* Ranking Sodwacio
* Color Marking
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Awdiraoia Ranking

Aopn:
1. Ka0e kopPog dratnpet dvo tomikés petafintés x,, X,

- X, =# 10V yertdvev 1ov omoimv ta enineda dev £xovv
avayvoplotel akopa (apytkd eivat o # T@v yeltdvov)

- X, =# TV TS0V TOv JeV EYOVV AVUPEPEL OKOpA TV
mepaton (apyukd givat o # Tmv TodLdv)

2. KdBe koppoc drutnpei pa levelList
- Amobnkevel 1a enineda TV yertdvov Tov (apyikd givor
KevN)
3. KaBe koppog dotnpel v tomikn petafint y
- AmobOnievet Tov apbud twv lower-ranked yertdvov
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Awdiraoia Ranking

* Pio avaxowavet to eninedd g 0 pe
broadcasting gvog umvopatog LEVEL
* Otov Anedei évo unvopo LEVEL:
— levelList =+ (sender’s level, sender’s rank)
- x,--
» Edv sender = its parent oto T t01¢
— its level = sender’s level + 1
— Broadcast its LEVEL message
* Eavx,=0
— y = # lower ranked yeitoveg
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Awdiraoia Ranking

* Edv x,=0 ko its level is set
— Metadoon evog unvopatog LEVEL-COMPLETE otov
TATEPQ

— Edv givat non-leaf:
 x,=# of children

— Edv etvon root:
* X,= # of children
* Teppatiopog

* Otov MnoeBet pvopo LEVEL-COMPLETE:

— X5~ -
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Awdiraoia Color Marking

* Apywé marked pe white ypopo
» Kabe xoppog dwatnpet blackList (ids of its black
neighbors)
* Root marks black, broadcasts BLACK message
* Otav Anebei pivopa éva pivopo BLACK:
— blackList =+ sender’s ID
— Edv node = white
* Mark itself gray
« Broadcast GRAY message
* Otav Anebei pvopa éva pvopo GRAY:
— Edv sender’s rank < its rank
« A white node decrements y by 1
« If y =1 after update, marks itself black., broadcast BLACK message
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Awdiraocia Color Marking

* Otov éva @OALO yiveton marked, otélvetl pvopa
MARK-COMPLETE octov natépa Tov

* Otov MnoeBet évo pnvopa MARK-COMPLETE:
— Xy -
— Eéwv x, = 0 ka1 not root:
* Metadider uvope MARK-COMPLETE otov notépa tov
— Edv x, = 0 kot root:
« x,= # of its neighbors
* Teppatiopog
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Kataoxevy) Tov Dominating Tree T*

Aopn kd0g képPov:
* Awtnpei po tomikn boolean z
— Apywd givan 0, tifetat oto 1 edv join T*
* Local variable parent
— AmobBnkevet ID of its parent in T*, apyikd kevi
* childrenList
— ID of'its children in T*, apyucd kevn
Ewwa, n piCo oto T dotnpel ™ petafintr root, kot
degree, apywomompévo oto 0
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Kataoxevy) Tov Dominating Tree T*

* Emvoyn pia piCog yro to T* and to T
* IIpookdiece kOUPovg yia vo evobodv oto T*

* Otinternal koppot tov T* oynuotilovv éva
CDS
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Emloyn oilug yrx To T*

Baouc wéa: o piCa tov T* givon yeitovag g
piCac Tov T mov £xetl tov peyordtepo apBud and
black yeitoveg

* PiCo tov T kdvet broadcast éva pnvopo QUERY

* Otov Anedei to pvopo QUERY:

— O xépPog petadidel 6Tov anocTorEN EVoL (VOO
REPORT nov nepiéyet tov # 1ov black yertdvov

— PiCa ehattdver X, katd 1; Oéter degree ico pe #black
yerrdvev edv eivar peyadvtepn; O£tet root variable ico
pe ato To id.

* Edv x, = 0, otéhver pfivopo ROOT otov k6pBo
mov 7o id Tov givar oty root variable
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ITeooxinor xoppwy

* H pifa tov T* broadcasts uivopo INVITE2
e Ortov Anebet to pvopo INVITE2

— Edv color=black, z=0 t61¢
* BOfoe Setz=1
« Parent = sender’s ID
* Metddoon JOIN pnvopotog otov amootoréa (sender)
« Broadcast pivopo INVITEI

e Ortov AneBet pvopa INVITE]
— Eav color=gray, z=0 161¢
¢ Oéoez=1
« Parent = sender’s ID
* Metddoon JOIN pnvopotog 6tov omoctorén
« Broadcast pivopa INVITE2
e Otov Anebet pivopa JOIN
— IIpocHnikn tov sender’s ID oty chidrenList
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Kataoxsvr Tov MIS »xot Dom. Tree T*

'} |

Kataokev MIS
@)- ()
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Kotaoxson too MIS »ot Dom. Tree T*

Kataokevi) DomTree
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CDS = {12,0,5,7,2,3}
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| Avdivon emidoong

» Approximation factor <=8

* [ToAvmhokdtnra xpoévov: O(n)

¢ TToAvmAokotnto unvopdtov: O(n*logn)
* Nontrivial CDS
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| ITegieyopeva

* Kwntd Ad Hoc diktoa
— Clustering o¢ ad hoc diktva
* Aly6pBuog pe Maximal Independent Sets

* Aky6p10pog pe Weakly Connected
Dominating Sets

e Tymuatiopog max-min d-cluster
* AcVOpuota Alktva AtcOntipov
(Wireless Sensor Networks)
— Audyvon TANPoPopiag € AGVPUATOL
diktva ousOnTpov
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| Clustering ad hoc &ixtox

* EmBopntd va dnpovpynoovpie pio apnpnpévn
dopn méve amd To JiKTLOo, £TCL MOTE TOMIKEG
oArayég va unv ypetdletot va yivouv yvooTég o
60 10 diKTVLO

* Me ypron vodopumv mov Aéyovtar clusters

* Clustering: n dadkooio 0poGHOD AVTOV TOV
VIOdOUMV HEGO 68 OAN TNV TOTOAOYiO TOV
StkTvov

o O képPor drakpivovrar og:

— Clusterheads
— Gateways
— Ordinal nodes
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| ITxeddetypx ad hoc dixtvov

Maupor képpor: clusterheads

MaUpec akpéc: ouvdéoeig
peTall Twv clusters
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Muxpo dominating set

* Xpnon tov koufwv evoc dominating set wg
clusterheads

* Avabétovpe ke kopPo 6° exeivo To cluster mov
AVTIOTOLYEL GTNV KOPLPT TOV KupLopyel mhve tng

* Miuwkpog apOpodc amd clusterheads yio va
OTAOTOMGOLLLE TN SOoun TOV SIKTHOL

* Q¢ yvmotd, N gbpeon Tov gAdyrotov dominating
set efvan NP-complete
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Connected dominating set

* "Eva connected dominating set (CDS) evog ypaenpatog G
eivon éva dominating set Tov omoiov to induced ypaenpa
givar ovvdedepévo :

* Xpnowomotgitat edkora yio routing
pvopdtov peta&d tov clusters

* H gvpeon evog erdyioTov
CDS is NP-complete

¢ O apBudg tov clusters peydiog
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Weakly induced subgraph

* EXdttoon tov apdpov tov clusters pe tnv
“yoddpmon” e anaitnong yio GLVOEGIKOTNTO

¢ To vroyphonua mov givor weakly induced ond to
S(ScV) eivan to ypaenua (Sy,=(N [S], E 77 (N
[S] XS)).

e (S)y mepthapPdvet Tovg KOBOVS TOV S Kot GAOVG TOVG
KkOpPovg mov givar yeitoves avtdv mg cHvoro KOUP@V
0V (S),,

* Ot oxpég ov (S),, elvar OAeg ot akpég tov G, mov
£XOVV TOVAGYLOTOV TO €Va (IKPO TOVG GTO S
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ITxedd. weakly induced subgraph

2 UvoAo KOUPwWYV: pavpot KopPol

2 UVOAO AKUWV: PAUPEG YPAUUEG
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Weakly-connected dominating set

* 'Eva vrocvvoro kopfav S eivon éva weakly-connected
dominating set (WCDS), edv to S eivor dominating set
kat to (S),, eivor cuvdedepévo
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AlyopiBp. yix edpeon pxgod WCDS

o AhyopOpot I ko II: Avo centralized
alyopOpot

* AkyoprOpon III ko I'V: Distributed
vAomomoelg TV oAyopiBuwy I ko 1T

* AlhyopOpog V: Distributed Asynchronous
TPOGEYYIoN
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ANyo0Opog I (nepidndn)

* Agdopévov evog ypoonpotog G=(V,E), kabe
kOpPog cuoyetiCeton pe éva ypopa (White, gray, i
black)

* ‘O)ot ot kOpPot apyucd eivon white

o Xg k@O emovainyn, o alyopbpog ypopatilet
black évav white 1 gray koppo kobag eniong
xpouatifel gray 0Aovg TOVG YEITOVIKOVS TOV
KopPovg

* X170 téA0g, o1 black koppotl cuvicTtovv éva weakly-
connected dominating set
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Ogoloyia: 1 evvowx “piece”

* Piece avagépetar og o
EMUEPOVG VIOSOLLT TOV
YPAPHHATOS

» "Evo white piece givon anAd
évag white koppog

« "Eva black piece mepiéyet
éva maximal covoro amd
black koppovg tov omoiwv to
weakly induced vroypaenua

givat ouvdedepévo ooy dmotot

npocKeievol gray kopfot Ta pieces onpatodoTouvTai
We dotted meploxég
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Ogoloyia: 1 évvolx “improvement”

* To improvement evog (non-black) képfov u
glval o ap1Bpog Tov pieces mov Ha
cuvevavovtav og éva uovo black piece edv
o u ypouatilotav black

* Y10 t€AevTaio TOPAdEYLLO, YpopaTI(OVTAG
tov kopPo 5 black Oa cuvévave 4 pieces,
eva ypopatifovrag black tov kopfo 4 Oa
ouvévave 3 pieces
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Alyo0Bpog I (Aentopipeteg)

* Y KaBe emavainym, o aAyopBog emAEYEL
éva povo white 1 gray koo yo va
ypouaticel black

* H emoyn yivetou pe aninoto tpémo: a
emAEyeTal 0 KOUPOG LE TO LEYOADTEPO
improvement

* Méypt va amopeivel povo éva piece
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ApXIKa 6Aol o1 kopPor civar white
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TTpwTn emavaAnyn
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Acltepn emavainyn
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TpiTn emavaAnyn
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TeAeutaia emavaAnyn

22/12/2005 Tpdua Moxavikeov HIY, ToAemikoivwviao kai Airowy, TavemoTipio Osgoahiag

Enidoor too WCDS

* To péyebog Tov weakly-connected
dominating set mov oynpatiletot omd Tov
AlyopBpo I givar to oAb (InA+1) |OPT]

* OPT ocvpporilet o ehdytoto péyebog tov
weakly-connected dominating set yio tov G

* A ovppohilet to péyioto Pabuod tov G
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A)yooiBpog 11

e O akyopBpog Eexva pe v emAoy” €vOg TUYOioV
koppov tov G yia va tov ypopoticet black

o XTIG EMOUEVEG EMAVAANYELS, EMAEYETOL VOL
xpouatiotei black o vroymelog kOUPog e Tov
peyaAvtepo aplBpd white kOpPmv oty yeitovid
0V

* To péyebog tov weakly-connected dominating set
glvon to moAv (IgA+2) |OPT)|
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A)lyooibpor IIT ot IV

» Y¢ ad hoc diktva, o mobile host dev
yvopiletl T doun Tov SIKTOLOL TEPO, A TN
YELTOVIAL TNG

* Distributed gkdoogig tov AhyopiOuwv 1
o 1T

* E&akolovBolv va glvat KAnpovopuka
akolovBiakoi, apov Lovo Evag KOUPog
umopel va ypouariotel black og kébe
EMOVAANY

22/12/2005 Tpdua Moxavikeov HIY, ToAemikoivwviao kai Airowy, TavemoTipio Osgoahiag

AlyooiBpog V

» [M\Wpog distributed Tpocéyyion

» Enéktoon moAlamAov black pieces mapdAinio

o Xg k@O emovainyn, kaOe piece vroAoyilet Tovg
S1K0HE TG LITOYNPLOVG

* "Evag vroynoetog koppoc ftav gite gray kOuPog
white kOppog Tpookeilevog og Kamolo gray KOpupo

» Kdé0e piece emiéyet and tovg dtkods g
VIOYNPLOVG KOUPOVS TOV VIOYHPLO LLE T
peyaATepT improvement Kot Tov ypopotilel
black kabdg ko Tovg yeitovég Tovg gray
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TTpwTn emavaAnyn
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(a) Iteration 1, 3 best candidates.
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Acltepn emavainyn
6.3
(b) Tteration 2. 3 best candidates.
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| ITegieyopeva

* Kwntd Ad Hoc diktoa
— Clustering o¢ ad hoc diktva
* AlyopBpuog pe Maximal Independent Sets
* AlyopBuog pe Weakly Connected
Dominating Sets
o TympoTicpog max-min d-cluster
* Acvppota Aiktoa AtecOntipov
(Wireless Sensor Networks)
— Audyvon TANpoPopiag € AGVPUATOL
diktva ousOnTpov
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Ewoaymymd (1/2)

* An ad hoc network may be logically represented
as a set of clusters. The clusterheads form a d-hop
dominating set. Clusterheads form a virtual
backbone and may be used to route packets for
nodes in their cluster.

* In this paper, the author shows that the minimum
d-hop dominating set problem is NP-complete and
then presents a heuristic to form d-clusters in a
wireless ad hoc network.
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Etoaywymd (2/2)

» Besides of the clusterheads, it also propose an
efficient algorithm to construct gateway nodes
which are at the fringe of a cluster and typically
communicate with gateway nodes of other clusters.

* Furthermore, this heuristic has time complexity of
O(d) rounds which compares favorably to O(n) for
earlier heuristics for large mobile networks. This
reduction in time complexity is obtained by
increasing the concurrency in communication.
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XyedloTInEG ETIAOYEG

* All nodes maintain knowledge of the overall
network and manage themselves. (high
communication overhead)

* Identify a subset of nodes within the network and
vest them with the extra responsibility of being a
leader (clusterhead) of certain node set in their
proximity. (LCA, LCA2, Degree)
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Xopaxtnelotnd veouv alyoifpov

* No need for synchronized clocks

+ Limit the No. of messages sent between nodes to O(d)

* Minimize the size of the data structures

* Minimize the number of clusterheads as a function of d

* Formation of backbone using gateways

» Re-elect clusterheads when possible: stability

» Control the number of the clusterheads and cluster density by
the parameter d

 Distribute responsibility of managing clusters is equally
distributed among all nodes:fairness
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IToAvmhoxotnta Twv d-clusters

* Reduce from 1-hop cluster problem which is also called
dominating problem and has been proven as NP-complete.

» Auxiliary approach: Construction of the unit disk graph
G. Define ¢ = 1/(2d+1) unit as the radius of the unit disk
graphG,,. For each unit length in G we add (2d+1) new
intermediate vertices in equal distance & . Thus, for each
original edge (u, v) in G of length 1, we add (2d + 1) x
1,., Intermediate vertices. Moreover we add (2d-+1)
auxiliary vertices ul,u2...... ud-1 sequentially form origin
vertice u at each distance d.
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Evgeotinn enihvor (1/6)

* The heuristic runs for 2d rounds of information
exchange. Each node maintains two arrays,

one id per round of information exchange.

» Stepl: Initially, each node sets its WINNER to be equal to
its own node id.

» Step2: (Floodmax) - Each node locally broadcasts its
WINNER value to all of its 1-hop neighbors. For a single
round, the node chooses the largest value among its own
WINNER value and the values received in the round as its
new WINNER. This process continues for d rounds.
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WINNER and SENDER, each of size 2d node ids:
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Evgeotiny entihvoy (2/6)

+ Step3: This follows Floodmax and also lasts d rounds. It is the same as
Floodmax except a node chooses the smallest rather than the largest
value as its new WINNER.

+ Step4 (overtake):At the end of each flooding round a node decides to
maintain its current WINNER value or change to a value that was
received in the previous flood round.

» StepS (node pair): A node pair is any node id that occurs at least once
as a WINNER in both the 1st (Floodmax) and 2nd (Floodmin) d
rounds of flooding for an individual node.
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Evgesotun enidvom (3/6): Kortnora
emhoyNg Twv clusterheads

» After completion of the 2nd d rounds each node looks at its logged
entries for the 2d rounds of flooding. The following rules explain
the logical steps of the heuristic that each node runs on the logged
entries.

» Rule 1: First, each node checks to see if it has received its own original
node id in the 2nd d rounds of flooding. If it has then it can declare
itself a clusterhead and skip the rest of this phase of the heuristic.

» Rule 2: Each node looks for node pairs. Once a node has identified all
node pairs, it selects the minimum node pair to be the clusterhead. If a
node pair does not exist for a node then proceed to Rule 3.

* Rule 3: Elect the maximum node id in the 1st d rounds of flooding as
the clusterhead for this node.

22/12/2005 Tpdua Moxavikeov HIY, ToAemikoivwviao kai Airowy, TavemoTipio Osgoahiag

56

Evgesotn enidvoy (4/6): Emhoyn,

TV gateways xol convergecast

¢ To reduce overhead, the communication starts
from the fringes of the cluster, gateway nodes,
inward to the clusterhead.

« If some nodes of a node’s neighbors have chosen
different clusterhead, then the node is a gateway
node. (1-hop local broadcast)

» The SENDER data structure is used to determine
who next to send the convergecast message.

* The heuristic maximizes the number of gateways
resulting in a backbone with multiple paths
between neighboring clusterheads. (for reliability)
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Evgeotuy enidvor (5/6): Emhoyn,

WINE
J-cluster formation in a network of 25 nodes.
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Evgeotinn entihvor (6/6): Ogbotnta

* Assumption 1: During the floodmin and
floodmax algorithms no node’s id will propagate
farther than d-hops from the originating node itself
(definition of flooding).

* Assumption 2: All nodes that survive the
floodmax elect themselves clusterheads.

e Lemma 1l: Ifnode A elects node B as its
clusterhead, then node B becomes a clusterhead.
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IToedderypo

Figure 5 shows an example
of the network topology
generated by the heuristic
with 25 nodes. Here we see
four clusterheads elected in
close proximity with one
another, namely nodes 65,
73, 85, and 100.

3-cluster formation after topology change.
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| ITxedderypa (xelQoteY emidoao)

< \ 5 10 15 100 101 200 220

Worst case performance seenario for the proposed heuristie, d=3.

221
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| ITxedderypa (ToAvTTAO®OTYTN)

* Since no node is more than d hops from its
clusterhead the convergecast will be O(d) rounds
of messages. Therefore, the time complexity of the
heuristic is O(2d + d) rounds = O(d) rounds.

» Each node has to maintain 2d node ids in its
WINNER data structure, and the same number of
node ids in its SENDER data structure. Thus, the
storage complexity is O(d).
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| ITegieyopeva

* Kwntd Ad Hoc diktoa
— Clustering o¢ ad hoc diktva
* Aly6pBuog pe Maximal Independent Sets
* AlyopBuog pe Weakly Connected
Dominating Sets
* Tymuatiopog max-min d-cluster
* Acvppota Aiktva AwcOntipov
(Wireless Sensor Networks)
— Audyvon TANpoPopiag € AGVPUATOL
diktva ousOnTpov
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| Katnyopieg ixtdwy otabntnowy

* Eqoppoyég
* Kwn1d vs. otatikd
— YBpducd
* Opoyevn vs. etepoyevin
— Sensors vs. relays
» Emnineda vs. iepopyiicd
o ApBuoc kot Béon tov sinks
* Tomog pécov emkovaoviog

— Evovppata?
— Aocvpparta RF, ontikd, akovotikd
— YBpdwd
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| :
Eqagpoyeg
O 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
0O 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 embedded RF
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| KopBot dixtowy aadnnowy

WINS (Rockwell)

GNOMES (Rice) MANTIS Nymph (Colorado)
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| Baoxo vixo (hardware)

‘Me.mornylorageH Processor } GPS

Radio Transceiver

| Power Source: Battery/Harvest
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| Berkeley Motes

0 MICA2.

O Runs TinyOS, programmed using NesC

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

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

O Standalone sensor boards

0 TOSSIM software to simulate a mote-based sensor network*

* Zuviotdrar avem@UAaKTa yia AemTopeph épya mpooopoiwong!
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| Egoaopoyn oto Great Duck Island

O Petrel habitat on Great Duck Island in Maine.
O Epwrthoeig Tipog andvThon:
O pattern xpfiong Twv nesting burrows yia Tov kUKkAo
24-72 wpwv
O AMAayég oTnv burrow kai emigavelakwy
TePIPAAOVTIKWY TTapapéTpwy
o Aiapopéc aTa micro-mepiPAAAOVTA PE KAl XWPIC
peydAoug apiBpoug amé nesting petrels
O PuBuoi deiyuaroAnyiag
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| ITAeovextrpota SttdwY aahnTnowy

* Amdlvtn ovvdeon e To TEPPaALOV
* Oyr-emBetid
* Acopain
¢ OwovouKa
— Muwo gyxatdotoom, TOAMATAES POELS
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| Iepupytnn eynatdotooy

* 3 emineda
— KépPor oxoOntpov cateway
— Gateways
— Xto0udc Baong

— “Gizmo”.  Base station
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| KopBot

* AoOnmpeg:
— Mica | mote.
— Sensor board pe Oeppokpacio, pwg, Tieon, vypacia,
Beppomra.

* Gateways:
— Mica | mote cuvdedepévn og éva mote Kot 6GTovV
otadpo Baong
— Egpodwocpéva pe directional antennae
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Evégysta

* Tlepropiopévog ypovog Long g Urotopiog

* Opotdpopen Asttovpyia yio 9 pnveg

* O1 kOpPot eKTELOVV S1OPOPETIKES
Aettovpyieg

* Yuykekpyévo (tabulated) k6oTOC Y100 TIC
Baocwég Aettovpyieg

* Kotdotaon vavov (sleep mode)

22/12/2005 Tpripo Mxavikiy HIY, ToAemikovwviiy kot Awrdwy, Mavemotiuo Osogahiag

ZNTNPATH EYHATAOTAONG

* 32 motes, 9 in burrows
* Recorded- kou live data
* Duty-cycle based broadcast
* Multi-hop
* Network management
— Re-tasking
— Fault detection/diagnosis

22/12/2005 Tpripo Mxavikiy HIY, ToAemikovwviiy kat Awrdwy, Mavemotiuio Osogahiag

"E€vnvn oxovy) (Smart Dust)

* Yyed106TIKOL GTOYOL
— Cubic millimeter.
— [ToAV yopunAf Kotavalmon evépyelag

Amotéleopo: To TaKéTo oroONTHPO TEPLEYEL

— AwoOnmipeg

— Ontwk6 avapetadotn (passive kan active) ko
M7ty (receiver)

— Enegepyacio onpatog

— Haoxn imyn evépyelog

22/12/2005 Tpripo Mxavikiy HIY, ToAemikovwviiy kat Awrdwy, Mavemotiuio Osogahiag
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Epoopoyég g smart dust
* TMapaxorovdnon neptPaiioviog

—'Evtopa
— Metewporoyikd pavopeve <= B

* Ewwég Aetrtovpyleg

22/12/2005 Tuipa MoxavikWV-HA, TOAETIKOIVWVIGV Kai AIKTOWwY:

Xoviotwosg T smart dust

Ay

Active Transmitter with Laser

Passive Trarsmitier with B -
Corner-Cube Retrorefiector Diade and Beam Steering
/ Regeve vithPhotodtecer
—
Sensors - Analog I/O, DSP, Control
7~ Power Capacitor
Solar Cell
Thick-Film Battery
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Passive petadooetg

* Avdaxiaon eotevig axtivag (arnd to BS)
oM 6TO OTOOUO e KOIKOTOMUEVA
dedopéva

* O BS anokwdikomnotel To dedopéva pe
avayvaoon tov “on” kot “off” avaxidcemv

* PuOpoi péypt 1 kbps yio 150m

* AX\G, uninterrupted LoS pe BS
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Smart dust: passive transmission

ModulatedDownlinkDataor
Unmodulatedinterrogation
BeamforUplink ..

|}_ D__Downlinlc;‘
DataOut!
«_Uplink!
Dataln;

1

| .

i Downlink

! Dataln Laser <

Signal Selection| ¢

. |and Processing|«sg§,
R v CCD

| - Image L

Corner-Cube

1
|
_ SAensor o edReflec 1 Retroreflector
¥ ¥ rray eamforUplin
: oo TR DustMote
+ Uplink Uplink
\ Data -~ Data : . .
out Outn © High power laser emitted from BS for

| Base-StationTransceiver | downlink and uplink communication.
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Active transmissions

* Laser
» Multi-hop yia pukpn evépyeta
* Data rate vs. range vs. power trade-off
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Smart dust: Tpgoxinoetg

* Amaitnon LoS vs. kivntikotnta
* Koategvbuvon covdeong

* Evépyeta, puBpog dedopévov, Kot omdotoon
trade-off

* Link unidirectionality kot acoppetpio
* TomoTTOL
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| Brotutoineg epoopoyeg

e TTapatipnon vyelog
— Eminedo yhoroding
— [entwcd cvotua
— Mvik6 cdotnpa
— Kapduoyysiokd cvotmua, K.T.A.

* Teyvntog apePAncTpoedng

22/12/2005 Tpipa Mnxavikav HIY, ToAemkovwviay kat Aikrowy, MavemoTipio Oeogahiag

| AroOntnes i TV 0Qao

P ChgBuslogicsl barfice

TS Camers Contssl Ut Apphcation Spaific Processsr
P Syvtem and [ p———]
Duta intertace Frogramng | | faps Deeection Programmng
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| ZVVOTITIN Ol TQOXANGELS

 Tleplopiopéveg dSuvatdHTNTEG: EVEPYELQ,
enekepyooia, amobnkevon, Kol ExKov®vio,

* Yvveyng Aettovpyia

* Evpwortia ko fault tolerance

* Khpdxoon

* Autd-dapopemaon, autd-dayeipion, avtod-
emd16pHmon

o ZNTHOTO GYETIKA PE T SESOUEVL

22/12/2005 Tpipa Mnxavikiv HIY, ToAemkovwviaoy kat Aikrowy, MavemoTipio Oeogahiag
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ZNTNPATH AV EQAQPOYY]

* [lepropropol vAkdV
— Buo-ovpfatotra
— Avodidxprra
* Muovpeva to teptBairov
* Mn-aviyvedouua: m.y. stealth wrion

* Acopdigin

— [uwtikémTa
— Interference
* Znmiuata vopobeciog
— Onog anortnoeig g FDA
22/12/2005 T n a anawkmv H/Y, Tu)\inlxmvmvlﬁ)v Kal AIKTOWV, I'IuvtTntnu' 10 Biccm\ius

ITegroQiopévy vToAoyLoTInNy] Mout
amofnuevTINy 1oy 0g

* Yvvepyooio petald koupmv

* Yvoompevon dedopévav (data aggregation)
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ITegroQiopévn eveQysta

* XapnAng evépyelog AELTOVPYIKEG GUVIGTOGESG
* Awyeipion evépyelag
— A1GQopeg AEITOVPYIKEG KATUOTAGELG
* Xopunio k66T0G HETAPaoNG 0mo-0€ KATAGTOOT
« Deep-sleep, Sleep, On
« Topoyn dapopetikig QoS
* Awyeipion evépyelag
— Métpnon evépyelag
— Katavopn 1ov Tpotimoloyiopol evépyelog
— MetaBdoelg Heta&h S1popeETIKAOV KOTAGTACEMY

EVEPYELOG
22/12/2005 T u a Mu‘avlkmv H/Y, Tu)\inlxmvmvlﬁ)v Kal AIKTOWV, I'IuvtTnznu' 10 Bic'c'm\ins

29



Aobopaty] emixovewvia

* Méoo emkowvmviog

— Radio Frequency: nopaxorodtnon “covndeidv”,
Broiatpucoi acOntipeg, K.T.A.

— ®og (active Kot passive): Smart Dust.
— Acoustic: vrofoldooia diktvo cucOnTpmV

* Ad hoc vs. apyrtektovikn pe vrodopun
* 'Eleyyoc tomoAoyiog
* Apoporoynon

22/12/2005 Tpdua Moxavikeov HIY, ToAemikoivwviao kai Airowy, TavemoTipio Osgoahiag
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Ad hoc vs. infrastructure smxowvmwvix

* Enwowvaovia and atebntipa ce aiodntpa:
— Mwpn omdoTOoN
— Adhoc
* Emkowvovia and aiedntipa pe otabud Paong:
— Mokpivig andotaong emkotvovia ond octntmpa
Tpog To otabud Pdong
— Ymodoun
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Tomoloyiu

* Ytafepn Tomoroyia
— Baowouévn oe tree
— Boaowopévn og clusters
* Avvopikr tonoloyia - KivnTikdTTo
— Ad hoc
— Ymodoun
— Mewm

22/12/2005 Tpdua Moxavikeov HIY, ToAemikoivwviio ka Aikrowy, TavemoTipio Osgoahiag
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Yra0eég tomoroyicg (1/2)

* MetofoAn # yertovav
¢ Trade-offs

— ApBuog twv hops
— ApBuog tmv yerrovov

« Extipnon ypnong evépyetog » 2 2 G
* "Eleyyog power-aware dpopoAdynong

* Amotelécpara:

— Power-aware routing reduces
power usage.

— 3D &ivon koddtepa and 2D

22/12/2005 Tpijpa Moxavikav H/Y, TRAETIKovwvIdV kai AikTowy, TavemioTiuio Osooahia

Yra0eég Tomoroyieg (2/2)

Cluster-based Tree-based

Ot npooeyyioeig Buotopéveg oe clusters moéyovy
%#oAdTEQY ATT0S0TIXOTNTY OE EVEQYELX XTO OTL Ot
npoosyyiosls Buotopéveg os tree
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ZTpoto oYETIHd pe To Oedopeva

» Trade-off peta&d kabvotépnong (latency) ko
EVEPYELNG
* Avanoapdotacn dedopévav
— Raw/ovpmeopéva dedopéva
— T derypatoinyiog: Amdivtn/Zyetikn
* Awxpifmon cedipotog
— Oyt TpdoPacn OTIG TPUYHOTIKES TIHEG
— Ipokvrtovv amd GAovg arehntnpeg

22/12/2005 Tpdua Moxavikeov HIY, ToAemikoivwviio ka Aikrowy, TavemoTipio Osgoahiag
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Zoveyng Aettovyia

* YVAAOYN OEOOUEVMV Y10, LEYAAO XPOVIKA
STt
* Avovedoun evépyela
— Hhaxn evépyeia
— Mnyavikég TaAavVIOoELS
— Radio-Frequency enaymyw avtiotaon
— Infrared enaywywn avtictoon

22/12/2005 Tpdua Moxavikeov HIY, ToAemikoivwviao kai Airowy, TavemoTipio Osgoahiag

Evpwotio »owt fault tolerance

* Avtd-npocapuolopevol ocntpeg:
— Ipocappoyn o ahroyég meptBdAlovtog
— Ipocappoyn o€ aAAOYEG EVEPYELOG
* Kartavepnuévo dixtvo:
— Kabe arcOnmpag rettovpyet avtdovopa amd tovg
Yeitovég Tov
— AMnho-emkolvnTOpEVES TIEPLOYEG EELTNPETNONG
— Oyt povo onpeio amotvyiog
* Tapaxorovdnon katdotacng “vysiog”
— ILy., ava@opd evEpyeLng KaTd T dtdpKed LETAS0oNG
dedopévaov
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Empulagetg

* Yrapyet povadiki Aon KatdAAnkn yio OAeg TG
Qappoyes?
* Ta mo onpavtikd {ntpata ot oyedioon:
— Koéorog?
— Katavopn nopav?
— Awygpopomro?
— Eykapomrta?
— Avompocappoyn Aettovpyiog?
* Khpdkoon?

— Ekatoppdplo koppov arcdnmpov?

22/12/2005 Tpdua Moxavikeov HIY, ToAemikoivwviio ka Aikrowy, TavemoTipio Osgoahiag
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| ITegieyopeva

* Kwnté Ad Hoc diktva

Clustering og ad hoc diktva

AlyopiOpog pe Maximal Independent Sets

Alyopiuog pe Weakly Connected Dominating Sets
* Zymuotiopnog max-min d-cluster
* Acvppata Aiktvo AtsOnmpov (Wireless
Sensor Networks)
— Awdyvon TAnpogopiog o acHppaTa dikToa
aotntipov: To tpoTékorio Directed
Diffusion

2 005 Tpipa Mnxavikav HIY, ToAemkovwviay kat Aikrowy, MavemoTipio Oeogahiag

| To voloylotino noEddetypo

o Agdopevo-kevTpiko (Data Centric)
- To 3ikTUO AICBNTAPWV ENEPWTATAI YIA CUYKEKPIUEVA
dedopéva
- No sensor-specific query
- TauTdTNTa TNG NNYNG TwV dedopévwv gival AoXeTn
e EEcIOIKEUNEVO Yia KABE spappoyn
- In-sensor ene&epyacia N .:: .
- In-sensor caching -
e Tonikoi (Localized) aAyopiBuol

- EmiTuyxavouv Tov kaBoAikd okono pEoa and Tnv TOMIKN
ouvepyacia Kal GUVTOVIoUO

Tudua Moxavikv H/Y, ToAemrikovwviky kai Aiktowy, Mavemiotiuio Osogalia
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| Ovopatiopdg edopevmwy

e Ovopacia pe Baon To nepiexopevo (Content based
naming)
- “Epyaoieg” €xouv ovopa: Celyn and (Attribute - value)
- EmiAoyr Tou oxnpaTog ovouaTiopoU gival onuavTikn
- 'Ox1 kaBoAika (povadikd) ID KOPBwWV: POVO ToMNIKA povadika

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

expiresAt = 01:30:40

2 005 Tpipa Mnxavikiv HIY, ToAemkovwviaoy kat Aikrowy, MavemoTipio Oeogahiag
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Interest & Gradient

« Interest meptypdoet o evépyeio mov mpénet va Ephet oe
mépag omd 1o dikTvo cstntipwv
— Ta interests eyy€ovrat 6to diktvo anod to sink
— To sink eknépnet (broadcasts) évo interest
— To interval kafopilet £va puOpo yo To event data

— Apykd, To autodpevo interval givor moAd peyodvtepo and Ot
Kxperdleton

— Kabe koppog dwatnpei pa “interest cache”

» Ka0e interest entry dwatnpei gradients
— KoBopilet to puoud dedopévov kot o direction (neighbor)
— Ta dedopéva péovv amd v Tnyn mpog to sink KoTd PNKog g

gradient
22/12/2005 T u a Mu‘awkmv H/Y, Tn)\inlxmvmvlmv Kal AIKTOWV, I'IuvtTrlaYn' 10 Bic'c'a)\ins
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AwSoor Tov interest

o IIinppopida (Flooding)
» Constrained 1 Directional flooding avéAoya pe ™ Tomodecio
 Directional Propagation BociCetat oto mponyovpeva cached

data
. —> Gradient
\ — Interest
.
S W
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Awdoor Ty debopévmy

» Evioyvon, dote davopr| o€ £va povo povomratt

o Ao amd TOAAOTAG LOVOTATLO. LLE TOAVOKPOTIKY
mpohinon

*  Awwvopr amd TOAAOTAG LOVOTIATIOL e EMAEYHEVT
TOOTNTOL KOTH LAKOG SLPOPETIKMV LLOVOTIATUHV

—> Gradient
—_— Data
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Evioyvorn (Reinforcement)

« Evioyvon evog amd Tovug yeitoveg Hetd T ANyn ToV op KOV
dedopévav
— Teitovag/eg omd tov/Toug omoio/ovg EAneOncay véa events
— Teitovag 0 0moiog GLETNHATIKG “omodider” KOAVTEPO OO TOVG GAAOVG
— Teitovag and tov onoio eEApOncay Ta TEPIGCOTEPQ events

o~ — Gradient
\;/v! —> D
\_\m 0: —>  Reinforcement
N,
h S E
" %
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Agvntinn evioyvon (Negative
Reinforcement)
* Pnt voPadiucmn tov povomation pe amootoln Eava evog

interest pe yapnAdtepo pvoud dedopévav (data rate)
» Time out

S — Gradient
//\ —>  Daa
1 —> Reinforcement
A0
\

o
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2uvoyn tov Directed Diffusion

* H petédoon dedopévov og enimedo epaproyng
£xeL TN SUVATOTNTO VO, EAATTAOGEL GNUOVTIKG TNV
KOTOVAAMGT) EVEPYELOG

— Aedopevo-KkevTpiki didyvon TAnpopopiog

— Evioyvon (Reinforcement) Baciopévn o€ Tpocopuoyég
TOV LLOVOTOTIOV

— E&dewyn kot cvoodpevon (suppression, aggregation)
TV SImAoTHTOV
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