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' Underwater Sensor and Robot Networks (USRNS)
¥ Autonomous Underwater Vehicle (AUV)
* Point of interest
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' Deployment Time
" Average distance travelled
* Average neighborhood degree
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[1] Zahra Amiri, Ali A. Pouyan, Hoda mashayekhi, “An Intelligent Distributed Topology
Control Strategy for Autonomous Underwater Robots” "Computer Networks", Elsevier
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‘Underwater Wireless Sensor Networks (UWSN)
¥ Autonomous Underwater Vehicle
T acoustic
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' Sensing Range
" Communication Range
" Degree
¥ Point Of Interest
® Homogenous
* Global Positioning system (GPS)
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' Localization

" Quality of service

¥ Lifetime

¥ Scalability

® Medium Access protocol (MAC)
* bottleneck



S 05 am Slaal 4 gliws @l b )0 b K 655,08 5 (i o9 (nlnle
Bar obo) g olulid sl (69)lg0 Jolis wlgh oo Blawl plall oo aSils (pl jo Sl Pluw
Sl [4] 0Bl byo pj 50 68959 5,0 Sl cbla> b g i8S Sl eble> g [12]
S 5o ook wl)l gaw 99 L ;5 gy R slaaSid sl SIsdanst S slap 6N
S99y S ilie slas Sug; it canlie Ol som aw Lo (gl by oS! ol &S
Sidegs ol (gogu ddasein (pl 31 S5 0,5 gunarb alide Oluogas ulul p olgi oo )
S et 9,505, 50 Al S et b g oadam e Djge a4 Wlgige Al (STslarss sloml el AL
b Codgaze cplaalsl )5 .0,1s 8529 placadgazs (S i sbvo 5l ol Sl S39ne5 JS

2GS 45 )b je S e i pglie Djso s oS e (Jgene o slacyypele o @
G599 e oolim B (655 1o (oS S Ceows 4y WL Sl pl w2 Fy S je 6
3,8 Codgasme oyl 09l Jlo,l oo 37 Coons s g duslon (635 po (go0isS J;iuS ,0 4l wuo>
Diloor e b Seably jo 1y 5 pee b9,

A ales 1 L ad ) o oS slaws ol 8 L aSlis IS 6l Sl Sledlbl isls @

Gl S Coons 1) (FMbl b Ygone waited (555 0 GoaiiS J5uS 4 S oS olee,S @
D1 aalg (65,3l Joliel B yan el a5 aiyles Jlo )l 095 g0l

“las )3 55 et S8 a5 3980 ol Sl Vb a5 5 )Lal 3l Ol e 0 @

J13]ogs 3l 0,3 jo slp hnd puonal by Jlwn slo

G (550 8 el (8o el pl,T B (gojlusl 4 oo 5 S > ey ST 55 0te > o

RV ORISR IP LI SOV EXpY



S b (Jy as e Juals 1y 598 sle SiwlS cadms el e 5l colaiul (50 (Ga o

el 538 ey o 35 55

Ao Ml D50 4 AilgT oo Sl pl bl e AL 4o 00l sl (5,5l Koo dasin
Ghad 45 S5i o o Lan Siedes JyuS o ansl Sglite b yluyt Ul & jad ol

a8 aS 0gl o o0lo ol oo 5 a0 " Fadls 59)gn5 S 5o itmd LS @508 sl lao S

ausl alls oglate Jlal

93 95909 g S —F'—

S el Sloe 2 Gom aw Sl JAS sln et @e oS S asbipll cnl e
ool 00 81 S o Ja o ) Ked gl S | SlaS O g0 ) 45 AUV gl [14]
el Cawd 45 SleMb! 5l oolatwl b .aiS o (5y5laez 995 s 3l (535050 SleMbl AUV o
e 13 LPOL by sl |y 208, Sz g Sy 05 58 50 Jiis O j50 4y S35 o ;55!
s iy 0 Jgl Sl 45 it Sglite Sl a3k (53 POI yloi oo (s
Oidigy Bad 090 Sl j0 wigd oo i laore LIS sl LPOI .ol b by coles
S e 405 e Ky a1 g7 90 bl PO caul Uy s b IS 0 108 S 51 obili

‘.ébuadbpr)a.aso)fsaqwx;‘mbmlo@jl%lgd&a@»olﬂgﬁwj@b

' Flat

"Hierarchical

¥ Clustered

¥ Transmitting power
® homogeneous

* non-homogenous



545 shailen igd o iy dmio S Oyeo 4 BPOI .l oS )0 Ky 5 cblis s
ol .l anlss (2alS S5 S pee o Solaad gazyd GRS L ad 53 LS e
Olg e |y Buizd ool Blaal ulply .casl 0 )5 G g4z )0 Lials aeb )Ll ol Sloal 51,58 (SO
903 Glo pj Djge 4

oo 5 Lawgs b POl fisigy (s3lu 2STas @

oS 0 Sliod a0 juals @

Olyee wile (gilizee (glajlins booad )l (g, (05 Jge cBlaal cnl ondls Jlai o L

0)5.0\“ Sl a0 .Sl 5* odds b cdlun (Xl Ol ol POl g,

256 9 AUV wiz bl 15751 pl o 0,08 (bisy Oliee eizren 285 aly> 15 L)

28,5 algE 8 syt S50 st Al g, 0 SKhes s WAUV 5ds e anseid o ol

a0l bl 4Ll —F—)

sleasn b obal Jols Eaog0 Sludl . CB o pudlsm 9590 Lol Bymo ay latl pgo Jad jo
Coue b oo il (owyp 4 e Sl BT L L e Gla il 5 O 1) e S

310y meler s 02 ysN 5 O ) e SR GlaaSed ) Siglasl S5

Oigs ¢S gl oo gy Sl 50 (S5l g J S Sl p Babiod olotion hgy Jeld poa Juad

e olF o Sy 5 bilis gy g 1o Sy 5l bl

' Deployment Time
" Average distance travelled
* Average neighborhood degree



D9 oo (8 e calisre (oLl sl lire e 905 o (Bre (s ilwand lae Tl p)lox b o

Sy eolyS oad Sletia b9y iyl 4 Sliales] plal b e

slp Shlin olyen @ Guiog 3| Jol> mls Sllpiiy 5 GpSam flore b pomiy Juad jo






B o S g 3 (w3 3 9 Ego 90 Sludl 3pg0 Jad

AR



donio —\—Y

Lo o 1o Ses ol ks Lo S 1 slaSics AsUWSN ws ol 1 s 45 a5 jshailes
bls)l )l dn slp Gye glsel 5l g 8800 S8 aame slaosls (5)5laez jshite 40 Sl

5 ol €85 8 (o) 29550 ST 5 i S 58S 50 Jsluie (bl slags lens 5 152

LSSy plgm Al cpl j Sidees ST L bl e slaiegh w2 Ll jo

o S Cagame g Fgo glgel Y-
LS oo OS> W Xigd g0 00l "C‘}or' aS JLad sladgas S e sdallss &yg0 4 Ol 4o g
"o sloe e e S s (WS 0 05 o patie ce s b ol o Lid laag
Syise oasli gge Jsb S e Dgo Sy o jlad slhager (Sund galols opd oo oagal
oaals "z ge (S B Al S axly ey o g bae jo alad G 5l end )38 b (gladgur Slass
by ke (pl S (oo Jo 055 L 1) " Sso 555 I paniie ke Jso zse @ 05d o0
Sy gy S Hlid slaag a5 lKie oKiws (pl 05 o 5T ejlul ! 89 00 ol 4 aKiws
D¢ oo 0wl Mz ge el g pl (o313l AiS o (g Soslil ] HLad jo lugh WS e S >
"z Jsb Eae S sbdgn (rm salold ol i ee atels Wil yiiw Dgo (655l 42 58

[5] 5550 0arels

wain reog bbb SuiS (o 31 oz ge Slao ailo 1) o sad culld g]ﬁ)' 3O Syo C|9A\

gloel S oo <8 lg 5l e Sl O jo Do el ad satd BB g0 Jolsd o s>

' Hydrophone
VY



Jsoz alien (5,5 5 (cmblineg xSl Zlaal b s (g0 g4 S Ol lbls )l gl See

[15] aes oo Lid |y 09290 (65909555 aw (Sl laa) =Y

Sl 55 Ol )l 6l 55555 aw (5 anylie V- g

89 C‘ﬁ""

roaroliseg 551 gl

Sye gyl

8l 5t askS Jfsat

4l p kS Sl Y.

4l p ke V0.

e Ee 10 by

Foo B aiz

Fo oS

3k sl

Pﬂ&o\‘\fU\‘Wcﬁ:

P e o

P kS a0

el 58wl

S ol Ve

S ol O

S ol Ve

ol o3l

Fo Ve B FoshS Sy Sy

[15] 51 w5 ,le T 5 Sy Sl ) outas (sl il

)...';'.\.'Z_S.ALgl.ibCa.ohwasd;l_é)C,u..m))"63;3‘.Qj)sadﬁj‘oMTbyjdgdu)thJd@(sj)j‘
g5 Ol o8 @ atdls O 55 (o gye o (aliee gl S o 45 Wi

Vel 56 e

' Attenuation
" Propagation Delay

\Y



Zloel Jlaasl 136 e 50,5 Joe gyme Volae 5l So ) =Y dolae oyl Ol (5,9

¢ = 1449 + 4.6t + 0.055¢2 + 0.0003¢3 + (1.39 — 0.012¢)(s — 35) + 0.017  y _y

S350 e e (690 Glie S g 0I5 ikl ax 0 cis g leo t(3gd alall) o
‘Ml; | e
OWT .02 0 &) Dgo gl Zlgel ool piiin Jaw Lid i (ials cde ayonsay ]

ry ®
13,10 09>9 g8 £¢5 90 ol ) daoe jo loges
SeiS slacalad g (g boaws Jio) YT ile po 5l (U pg g9 onl i oludl g

il e

Osb (bl e g jd ol T &8 12) (Salusg,one slaclad 1 a6 daoe 19

Db (Sielem g slosy) (sdeduay (o g

Y .
Solp @

' Transmission Loss
¥ Diffraction

\¥



oS plazl 5 placand b pluxl b o)55 5 50 (Sye 5551 ol 51 » oS conl gan T il
S5l 2 odle B3 o0 Sz et Alled D90 g Jsb 5l S8z sS Jl g0l Tl
B e £y 55 ol o Blae bl 51 o FaiST, wol US 5 o |

'Sl e
ol JH Sop alee LL gLy S by mhaw 4 las a5 w20 o0 7, K oSSl
zoe Jsb b amalin jo G¥sb J8lus (gl 00iiS uSixie hans a5 Jy50 50 WIS 055
B b 4 Cod lagly boatsS 0595 790 (e 15 (Send l Slo lao

TS e Az @
283 o0 E (B oy Gl Wil (Feo Elael 5 Siln 5 Sl sy A oy
9w by %00 pluarl bo o3 50 i1 5o glsel cnl cosl (o (S0 glsel Jlo)l plin aS
O 5 B 05 o el s (yaad 5 ke duae ) Foliie Gl pne 5 O S
oy ol il (ol (Fgo JUSms cdlyo 4y pol8 0ni 5 g aiS (5L ) g A sl
Glo Sa Sl S (A D508 mR A Cud 0diin b g 0dipS) (6350 sl ST o
0X S g odiiiw By Alold g Bas 4 Sy g Conl (Wl mlaw 12 cdiin )8 g 005 .5) 8

3,00
v)lg:lo yle

925 ds iS5 lad 005, b uilS 3 o b Ky STyol 5o Sl olsl s odyay o)

Sload yeo b o Kooy Jb o cdlb,o b oyl Jb jo saiiw s b g0 5 STl

' Reflection
¥ Multi path
" Doppler spread

\O



2 g A plaee aseis o al) Jleyl il )8 wled s 0nd 5 sl 508G

.»))‘b £ g ).t‘ ‘5’5.‘0 C‘g.a‘ ;»3[.:)») 9 JLA)‘ @‘)5
SlocSid ol alS g glyel Loy oyl 6l sligy b o9 ge el o 4L felge 45
4 P J5d.> d;Ua.o M‘ys,o ‘o)b 3959 o;b).,.f 9 OM).‘B O as 6‘41@[.9 =¥ 4?3) L> ui ) Lg)yo

oS Wb sligy b calold 101581 L gl o cdlive Jgu 10 a5 jglailes .aigud el diwd g

b

Soo glyel 1wk by alold ;36 Y-V Joouo

G2 st sl (aghS)osguce

S5l xS Voo sk k>

BLY Ve Y SYsb

Vool i Nl S oligS L

ST 93 ) ot s> Sy 131 —1'—Y

\F



Sl S5
o2l oaye sles Jlosl g islo  «cdl o 1y Gae zlel cnl jolB a5 cul Su> (slases
& Syo S o Jos page (nl 055 o0 edlitl Ol Fgo poge | oS 55
s gn ol 1y Sall 5 S 50

TS oS @
e 4 Iy Su sl )T plu jl leosls (gslaer Culstuns a5 sl (25 (Siws oS
0533 (851 izmed o oS ples 4 G (g i (Djl0 5 Culld oo 5l ol
S a4l ooy Colae Jgtue ol p) Gl ol jiin oS g4 (ol 40 0o
0,5 4 Jluo,l g o K 51 il o Joe plomil gl ol oo T xba (sloolSins] a5 ugilSl
Bl o B 00 S 3l i (Fgo T o )B 085S £55 50 41 Seme el ) s
Cl,0 g oMbl Jlol sl g3ges oaiiv B 0ni S 5l g S slao S L LS| sl
a8 003 15 cBues sl jo 0S5 e oolatul O mlhaw (o jEee o] 5l el 3

b asls ol Jl,l oogaze Wb (gog0s

AUVSY Lsessgs slo olp; @
Sldos plosl 9 O 15 50 Gialew 4,08 45 aiiud caiadgn ¢ ,likesgs LgLa:dTﬂ)' AUV
oz b S gloil 4 jamme Olipas pl aiies Sladl Heilpl a4 5L gy camwg 00game (o
Sl gy om aw Jase o aiblj] ssly o LAUV il o ol ) lae 40 00ls S)BTW

57 CwSs w0 ol oy polie cams piasw 0 AUV pais 5l eolatul [4] oS oS >

' Underwater Sensor Node

' Sink Node

¥ Surface Station
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Abstract

In recent years, use of underwater wireless sensor networks (UWSN) to collect data from
seabed, attracted many researchers attention. AUVs can be used in underwater missions.
These vehicles are equipped with a variety of sensors to collect data in underwater
environment. By utilizing of artificial intelligence techniques they can operate without
any human intervention or control. The main mission of UWSN is to monitor target field
and detect events. Due to stochastic nature of events and environmental parameters,
points of interest (POI) in the area must be covered by sensors to observe and report
events. Controlling topology characterizes how well a sensing field is monitored and how
well each pair of sensors is mutually connected in WSNs. Underwater environment
changes, dynamically. For this type of environment centralized control method is not
appropriate. Limited communication bandwidth, high bit error rate in underwater
communication can lead to limited information that an AUV can acquire from
neighborhood area.

As a result, in this research a completely decentralized topology control algorithm is
proposed with the aim of achieving maximal coverage of POI in 3D underwater
environment. The algorithm enables AUVs to autonomously decide on and adjust their
speed and direction based on the information collected from their neighbors. Proposed
topology control is based on Genetic algorithm. Each AUV selects the best movement at
each step by independently executing a Genetic algorithm. In the fitness function, the
global average neighborhood degree is used as the upper limit of number of neighbors of
each AUV. The experiment in this thesis demonstrates, limiting number of neighbors for
each AUV, can lead to larger coverage of the POI. We further show the efficiency of the
algorithm in terms of coverage of POI, deployment time, and average traveled distance
by the AUVs. It is shown AUVs running GA, can adapt to changing conditions such as
the loss of number of AUVs. We also demonstrate that the ambiguity in detecting exact
locations of AUVs does not prevent GA from achieving a uniform coverage but requiring
AUVs travel longer distances to stabilize.

Key words: underwater sensor networks, AUV, Genetic Algorithm, three-dimensional
topology control; distributed artificial intelligence
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