[TANEI X THMIO

ITATPON ANOIKTA S S

Pourotika Zuotrhpata

Evotnta 15: Coverage by Heterogeneous Networks
Avtwvioc Tlec — Euayyeloc Aeppatag
2xoAn MoAutexvikn
Tunpua HM&TY



2 KOTTOL €vVOTNTOLC

e JKOTIOC TNC EVOTNTOC £LvaL N mopouciacn Ko
eéolkelwon e ta akoAouBa oo ela
POUTIOTIKWY CUOCTNMUATWV:

 Coverage by Heterogeneous Networks



[leplexopeva EVOTNTOLC

 Coverage by Heterogeneous Networks



Heterogeneous Networks

e j.e. Suppose node’s radii is not the same across
the network>Heterogeneous

e j.e. Suppose node has not omnidirectional
antenna“Heterogeneous

* New radii definition:
Ci={xeR*: ||x—x||<r}, i€l

e But first, a review of Voronoi diagram properties
for homogenous networks<



Heterogeneous Networks

e Alternative Voronoi diagram V; definition:
Vi=QN ﬂHij? 1€ 1,
JEI,
where H;; halfplanes in the R* defined as:
2. -

Hij={xeR: ||x—xi| <|[x—x;||}, i,jeL
e Theorem 1: When all nodes in a network are identical and
space—partitioning is performed by
V: = {x cQ: |[x—x < Hx—xj | , Ve In} L iel,

if a point in the region under surveillance W lays in the unexploited
region of a node, then it lays in the sensing region of another node:

dicel:xcelU = djel,,jAi:xeC;, x&l




Heterogeneous Networks

e Theorem 2: When space—partitioning is performed, the total
region surveyed by a network whose nodes are all identical can be

written as: C=0nN U C;, = U Vl.”

i€l icl,
And its area is glven by
=Y AWV
i€l,
e To assess performance we define the Area Coverage Percentage:
ACP — A (.Q M Uieln Cl')
A ()

e Similarly for evaluation of independent r-limited Voronoi cells we
define the I/"-limited Voronoi cells as:

A A (Uie, V/ < AV
ACP (V") = (}qjl(e;;) /) = ):ZE;’E (Q() l )= ACP-if homogenous network
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Heterogeneous Networks

 Example of homogenous properties inefficiency in heterogeneous

N etWO rkS: Mnyn: Y. Stergiopoulos, “Cooperative
Control of Networked Robotic Systems”,

Ph.D. Dissertation, September 2014, URL:
http://hdl.handle.net/10889/8238

Ewkova 1: Inappropriateness of standard Voronoi tessellation when dealing
with heterogeneous networks

 Need for better partitioning and improved control scheme


http://hdl.handle.net/10889/8238

Heterogeneous Networks

 Reviewing the halfplanes ﬁij, defined by the alternative Voronoi

definition:

Mnyn: Y. Stergiopoulos, “Cooperative
Control of Networked Robotic Systems”,
Ph.D. Dissertation, September 2014, URL:
http://hdl.handle.net/10889/8238

Ewkova 2: Notations for definition of ﬁij halfplanes

e Then:

Hij={xeR*: |x—x|| <|x—xj||+w2di—w)}, i,j €1,


http://hdl.handle.net/10889/8238

Heterogeneous Networks

Then, for a fixed node i and a non-fixed node j, we call the region of
responsibility of i the hatched area ﬁij and of j the non-hatched Hji

If d;, d; the distances separating each node from the halfplane
respectively 4 different space partitions are possible:

— The nodes’ sensing regions do not overlap
ri }"j

d; = w, d;j= w. (ri+r;<w)
I'i+ rj j J Vi T+ r'j J
— The boundarles of the nodes’ sensing regions intersect
f'—f —l—u rf—rz—ﬂ"
di = 211-‘ o dj== 2w ’ ([ri—Rrj|<w<ri+rj)
— A node’s sensing region is subset of the other’s pattern
7 7 7 ) ) g,
rp—r —+ w*- ry—rp —+ w*- .
di=—t— dj="t——0 (|ri=Rrjl<w<ritr))

— Node i is fully overlapped
d; negleted



Heterogeneous Networks

Mnyn: Y. Stergiopoulos, “Cooperative
Control of Networked Robotic
Systems”, Ph.D. Dissertation,
September 2014, URL:
http://hdl.handle.net/10889/8238

Ewkova 3: Space—partitioning based on the radii and relative
positioning of a pair of nodes
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Heterogeneous Networks

Let’s examine the properties of this proposed partitioning:

e Theorem 3: In a heterogeneous network, where the space-
partitioning has been performed, if a point in the region under
surveillance W lays in the unexploited region of a node, then it lays in
the sensing region of another node, i.e.

Jicel,:xeU; = Jjel,,:x€Cj, xe€Q

e Theorem 4: When space—partitioning has been performed, the total
region surveyed by a heterogeneous network can be written as

C=QN LJJ(ji:: th iﬁr

i€l icl,

where V7 is defined as: V/ =V,NC;, i € I,
Then the area is given by: A (@) — Z A (\717”)

ieln
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Heterogeneous Networks

Issue arising from the proposed partitioning: Sole cells (O)

Mnyn: Y. Stergiopoulos, “Cooperative
Control of Networked Robotic
Systems”, Ph.D. Dissertation,
September 2014, URL:
http://hdl.handle.net/10889/8238

Ewkova 4: Space—partitioning via the proposed algorithm for a network
consisting of three nodes in order to show the existence of sole cells
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Heterogeneous Networks

e Theorem 5: When dealing with a heterogeneous network, no point in
any sole cell belongs to the sensing pattern of any node, i.e.

x€EO0=3Pj:xeCj, xeQ

SThe set O U Uie,nVi consists a complete tessellation of Q2

S The nodes’ r—limited modified Voronoi cells are smooth
(rectifiable) sets
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Heterogeneous Networks

e Voronoi partitioning with sole cells in multiple Nodes:

Mnyn: Y. Stergiopoulos, “Cooperative
Control of Networked Robotic
Systems”, Ph.D. Dissertation,
September 2014, URL:
http://hdl.handle.net/10889/8238

nocell .-
assigned

Ewkova 5: Voronoi partitioning via the standard [left] and modified [right] technique
for a heterogeneous network to emphasize in the degenerate cases arisen
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Heterogeneous Networks

. L]
M oreresu Its . Mnyn: Y. Stergiopoulos, “Cooperative

Control of Networked Robotic
Systems”, Ph.D. Dissertation,
September 2014, URL:
http://hdl.handle.net/10889/8238

Ewkdva 6: Voronoi partitioning via the standard [left] and proposed [right]
technique for a heterogeneous network consisted of n = 7 nodes (ACP=50,01%)
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Heterogeneous Networks

e More results:

September 2014 , URL:

http://hdl.handle.net/10889/8238

Ewkdva 7: Voronoi partitioning via the standard [left] and proposed [right]
technique for a heterogeneousnetwork consisted of n = 16 nodes (ACP=84,66%)


http://hdl.handle.net/10889/8238

Heterogeneous Networks-Proposed
Algorithm

 Each node is assumed to move via control inputs u; € R?, with
kinodynamics (same as in homogenous networks):

: ) :
Xxi=u;, u; € R, x;€Q,i€el,
e The aggregate objective function H must again be locally maximized:
H = f me}xﬁ(x) ¢ (x)dx, where QN J;¢; Ci
Q 1€y n

e Butthe (@ —weighted) minimization area surveyed by the network
(H') is decomposed as the summation of the areas surveyed by each
node in the interior of their Voronoi cells (H;)<

=Y [ Awowa=Y [ o)=Y 5,

iE[n I iEIn iEIn

But this assumption is true only for homogenous networks!!!
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Heterogeneous Networks-Proposed
Algorithm

e Theorem 6: Considering a mobile sensor network consisted of
heterogeneous nodes with sensing domains as in 1%t theorem, the
coordination scheme

Mg:/ﬂ nodx, iel,
8V;’m8C5

optimizes the initial performance criterion H along the nodes’
trajectories, leading in a (modified) volume—centered configuration
of the network

 The proof for simplicity reasons will not be presented — see next slide
for details

 Bare in mind that connectivity issues still persist and must be also
evaluated — see next slide for details
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More info

Y. Stergiopoulos, “Cooperative Control of Networked Robotic Systems”, Ph.D.
Dissertation, September 2014, URL: http://hdl.handle.net/10889/8238
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Teloc Evotntoc



Xpnuotodotnon

To apov ekmaldeUTLKO UALKO €XeL avarmtuxBel oto mAaiolo Tou
ekmaldeuTIKOU €pyou Tou dtdbdokovta.

To £pyo «Avoikta Akadnpaika Madipata oto MNaveniotipio Natpwvy

EXEL XpnUatodotAoEL povo tTnv avadlapopdwaon Tou eKTOLOEUTIKOU
UALKOU.

To £pyo vAomoleital oto rAaiolo Tou Emyelpnotakol Mpoypappatoc
«Ekmaiidevon kot Ata Blou Mabnon» kat cuyxpnuatodoteital oo tnv
Evpwmnaikni Evwon (Evpwraiko Kowvwviko Tapeio) kot oo BvVikoug
TTOPOUC.

EMIXEIPHEIAKO TMPOIPAMMA
G EKMAIAEYZH KAl AlA BIOY MAGHZH 5 EZI-IA
: : enévduen GTnv Uotvwvia TNe. YVwen
* o Kk EE=] < [ npdypopo yo v vl

YNOYPTEIO MAIAEIAL KAl BPHEKEYMATON

Evpwmnaikr 'Evwon EIAIKH YMHPEZIA AIAXEIPIZIHE

Evpwmaiké Koivwviko Tapeio . ; .
Me ) ouyxpnparodétnon tng EAAGdag kat tng Evpwmnaikig Evwong
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2 NUELWLOTOL



2NUelwpa lotopkou Ekbooewv Epyou

To tapov €pyo amoteAel tnv €kdoon 1.0
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>NUElwpo Avadopag

Copyright Navemotrpuio Natpwv, Avtwviog Tleg, Euayyelog Aeppatag,

«Popurmnotika Zuotpata. Coverage by Heterogeneous Networks». Ekdoon:

1.0. Natpa 2015. AwaBéoipo amnod tn diktuakn dtevBuvon:
https://eclass.upatras.gr/courses/EE804/index.php
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>NUelwpa Adelodotnonc

To mapov VALKO SlatiBetal pe toucg opouc tng adetac xpnonc Creative Commons Avadopa,
Noapopota Atavopun 4.0 [1] | petayeveotepn, AteBvnc Ekdoon. E€alpouvtal Ta autoTeAn £pya
Tplitwv 1.X. dwtoypadiec, Staypappata K.A.TT., TO OTIOLOL EUTTEPLEXOVTAL OE OLUTO KAl TOL oTtolal
avadEpovtal pall He TOUC OPOUC XPRONCE TOUC 0TO «2Znpeiwpa Xpnong Epywv Tpltwv».

@ 06

[1] http://creativecommons.org/licenses/by-sa/4.0/

J0udwva e avtiv tnv adeta o Sikaouxog oo divel To Sikaiwpa va:

Molpaoteite — avilypaPete Kol AvVaSLAVEUETE TO UALKO

MNpoocapuroote — avapelfTe, TPOTOMOLAOTE Kol SNULOUPYNOTE MAVW OTO UALKO yla KABe okomo
Yo toug akoAouBoug 6poug:

Avadopad Anpovpyol — Oa MPEMEL va Kataxwploste avadopd oto dSnuloupyo , e cUVOECHO
NG Adelag

Napopowa Atavopl — Av avapeifete, TPOMOMOLNOETE, 1) SNULOUPYNOETE TIAVW OTO UALKO,
TPETIEL VA SLOVELUETE TIC OLKEC oaC oLUVELODOPEC UTIO TNV OLa AdeLa OTIWE KAl TO TIPWTOTUTIO
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AloTtnpnon ZNUELWLATWY

Ornoladnmnote avamapoywyn N dSlookeun Tou UALKOU Ba TtpeETmel
va cupreplthapBavet:

" 10 2nueilwpa Avadopdc

" 10 2nuelwpa Adelodotnong

= N 6nAwon Alathpnong ZNUELWUATWY

" 10 2nueilwpa Xpriong Epywv Tpitwv (epooov utapyel)

nall pe Toug cuvodEVOUEVOUC UTIEPOUVOECUOUC.
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>nueiwpo Xpnonc Epywv Tpltwv (1/2)

To Epyo auTo KAVEL Xprion Twv akOAoUBwv €pywv:
Ewkoveg/Zxnpata/Aaypappata/Pwrtoypadieg

Ewkova 1: Inappropriateness of standard Voronoi tessellation when dealing with heterogeneous networks, Y.
Stergiopoulos, “Cooperative Control of Networked Robotic Systems”, Ph.D. Dissertation, September 2014, URL:
http://hdl.handle.net/10889/8238

)

Ewkova 2: Notations for definition of Hij halfplanes, Y. Stergiopoulos, “Cooperative Control of Networked Robotic Systems”,
Ph.D. Dissertation, September 2014, URL: http://hdl.handle.net/10889/8238

Ewkova 3: Space—partitioning based on the radii and relative positioning of a pair of nodes, Y. Stergiopoulos, “Cooperative
Control of Networked Robotic Systems”, Ph.D. Dissertation, September 2014, URL: http://hdl.handle.net/10889/8238

Ewkova 4: Space—partitioning via the proposed algorithm for a network consisting of three nodes in order to show the
existence of sole cells, Y. Stergiopoulos, “Cooperative Control of Networked Robotic Systems”, Ph.D. Dissertation,
September 2014, URL: http://hdl.handle.net/10889/8238

Ewkova 5: Voronoi partitioning via the standard [left] and modified [right] technique for a heterogeneous network to
emphasize in the degenerate cases arisen, Y. Stergiopoulos, “Cooperative Control of Networked Robotic Systems”, Ph.D.
Dissertation, September 2014, URL: http://hdl.handle.net/10889/8238

Ewkova 6: Voronoi partitioning via the standard [left] and proposed [right] technique for a heterogeneous network
consisted of n = 7 nodes, Y. Stergiopoulos, “Cooperative Control of Networked Robotic Systems”, Ph.D. Dissertation,
September 2014, URL: http://hdl.handle.net/10889/8238
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>nueiwpo Xpnonc Epywv Tplitwv (2/2)

Ewkoveg/Zxnpata/Aaypappata/Pwrtoypadieg

Ewkova 7: Voronoi partitioning via the standard [left] and proposed [right] technique for a heterogeneous network
consisted of n = 16 nodes, Y. Stergiopoulos, “Cooperative Control of Networked Robotic Systems”, Ph.D. Dissertation,
September 2014, URL: http://hdl.handle.net/10889/8238
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