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Hepiinyn

Av mapoatnpnioovpe v evo1 Ba dovpe TOGO KaAd ivar opyovmpévn Kol T0co
dueco umopel vo €QApPUOCEL KATO0VS PLOUIGTIKOVG TOPAYOVTES Y10 VO ETOVOPEPEL
v 1ooppomio O6tav ovtd ypewotel. [opatmpovtag v PA€movpe 6tL 01
COTOPAGEIS) TNG 0V €lval TUYOIES, OALL OPOLY KAT® OO OPIGUEVOVG KOVOVES KOl
moipvovtol K4t amd cvykekpluéveg ouvinkec. MdAiota oe dplota opyovmouEVeES
KOWOVIEG OTIMG TV LVPUNYKIOV, TOV TOVAIDV, TOV YUPLOV K.0L. 1 OVTILETOTIOT Kot
N enidvon Proroyikedv mpofAnudtov gival Tvmomomuévn. Aniadn m evon Exel
yYphwetl Tovg OKovg TG aAyOpBovs. Xty kafnuepvoOTNTA LG Topatnpovue Otl
mapopool oiyopiBpotr poag PBonbovv va AdPovpe AmOEACELS Yo AlyOTEPO 1
TEPIOCOTEPO CNUOVTIKA TPOPANLLOLTAL.

H ¢Von pog dwddokel. Epappoloviag tn yvoon mov maipvovpe and v ido
@UOON, UTOPOVUE VO OVTILETOTICOVIE EYKALPO KPIGIUEG KOTAGTAGELS TOV £YOLV VoL
Kévouv pe 1t ddcmwon Tov mePPEAALoVTOS (GEIGHOL, POTIES, K.0.) OKOUO KOl LE TN
dtocwon avlpomvev (odv.

Xuvovdlovtag TV eueuia TG PUONG HE TNV TEXVOAOYIL KOl TNV TANPOPOPIKN
onpovpynnke n Poprotikny opunvovg (Swarm Robotics). Eivar ta Aeyopeva é&vmva
- ovvepyoatkd Poumdt (Collaborative Robots) ta omoio oyedidotnkov yuo vo
cuvepyalovrol LETAED TOVG.

v mapovoa daTpiPr] Oa TOPOVGIUGTOVV TO YOPOKTNPIOTIKE TOV YEVETIKMV
aiyopiBuwv, Beltiotomoinon Zunvovg (PSO — Particle Swarm Optimization),
AlyopiOpog  Amowiag Mvupunykuwov (ACO -  Ant  Colony Optimization),
Beltiotonoinon Xunvovg Melooov (BSO — Bee Swarm Optimization). X
ocuvéyela Oa yivel pio extipnon tov tapapétpomv tov PSO gpappolovidc tov e un
enovopopéva agpookden UAV (Swarm Robotics) o6tov avtd 6o kABodv va
OVTILETOTICOVV KOTAGTAGELS EKTAKTNG OVAYKNG, OT®G QLTINS TNG TUPKOYLAS GE EVO
d0acoc. Téroc Ba avarvBodv kat Bo a&loroynBodv ot alyopiBuotl tov Pfonbodv otnv

TPOPAEYN KOl GTNV EMLTNPNOT LLOG TUPKOYLAS.
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H pedétn olokAnpodvetar pe TNV KOTOYPOON TOV GCLUTEPOCUAT®OV TOV

OVOLLLEVETOL VO, EYEL 1] (PNOT] TOV GLYKEKPLULEVOL GLGTHLLOTOC.

AEEEIS KAEWOWG: feltiotomoinon, pourotiké ounvog, olaowon, VONUOGOVI] GUNVOUG,

1] ETOVOPWUEVA OEPOTKOPT]
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Abstract

If we observe nature we will see how well organized it is and how directly it can
apply some regulatory factors to restore balance when needed. Observing it, we see
that its decisions are not accidental but act under certain rules and taken under certain
circumstances. Indeed, in well-organised societies such as ants, fish, birds, etc.
dealing and solving biological problems is standardized. Specifically, nature has
written its own algorithms. In our everyday life we observe that such algorithms help
us make decisions about more or less importants issues.

Nature teaches us. Applying the knowledge we get from nature, we can deal
with early critical situations that have to be with saving the environment
(earthquakes, fire, etc.) even humans beings.

By combining the intelligent of nature with technology and computer science,
Swarm Robotics was created. The so — called smart - Collaborative robots which
were designed to cooperate with each other.

In this dissertation, the characteristics of genetic algorithms, the Particle Swarm
Optimization - PSO, Ant Colony Optimization - ACO and the Bee Swarm
Optimization - BSO will be presented. An assessment of PSO parameters will then
be made by applying it to unmanned UAV aircrafts when they have to deal with
emergency situations, as that of a forest fire.

Finally, we will analyze and evaluate the algorithms that help to predict and
monitor a fire.

The study is completed by recording the conclusions that are expected in use of

this specific system.

Key Words: optimization, Swarm Robotics, rescue, swarm intelligence, Unmanned
Arial Vehicle
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Evyoaprotieg

Me v oAoxkAnpwon g oatpiPng pov, Ba nBeha va amevbive Eva Pabd kot
0AOYVYO EVYOPIOTM G€ OGOVG oTAONKOV SiTA OV G° aVTN TV EMimovn TpooTdOeln
Kot pe fonncav va m @Epw oe TEPAG.

AmO TV opyn TG TEPWMETENS OVTNG, UEYOAOG GULUTAPUCTATNG VINPEE O
Kabnyntig pov k. Xpnotog Apdcog, péoa amd tnv kabodynon, tig cupPoviéc kat
v N Tov TapdTPLVeT. Tov evYOPIOTO WlaiTEPA KOL Yol T GTHPIEN OV OV
TPOCPEPE GE OPIGUEVEG OVGKOAEG GTIYLES, TTOV OVATTOPELKTO TOPOLGLALOVTAL KOTA
™ OdpKew €vOC UETOMTUYOKOD, KOOMOG Kol yioo TNV OUEPIGTN VAKOTEYVIKN
VROGTHPIEN, Ywpic TV omoia de Ba eiyav mpoxvyel T amoteAéopaTa TG StpPng
oTIG.

®a NBera emiong va vyaploTcm® omd KoPOdG OAOVG TOVS PIAOVG Kot TIG PIAES
ov pe ompiEav oe OAN T SLIPKELL TNG TPOSTADEHG LoV KOl £OELYVOV KOTOVONOT)|
KkéOe @opd mov 0 OyKOS NG OovAEWdS pe avayKale vo EMALY® TN «OlOTY|
OGLPUATOVY.

®a NOeha va VYOPIGTHC® TOVS HOONTEC LOV KOl TOVG GLVAOEAPOVS OV V1o TO.
evBappLVTIKA TOLG AOYLA, TPOKELLEVOL VAL EMLTHY® TOV GTOYO LLOV.

Téhog, éva mTOAD peydro, Pabl kot Bepud guyxoploT® o0Peihm GTOVG O1KOVG OV
avBpdmovg, 6tov 6VLVYO pov 1Al Kot ota Todld pov Ntivo kot Adpa wov Ywpig
™V aydmn Kot T CLUTOPAGTOGT TOVS, 1| EKTOVION KOl 1] OAOKANP®OT TG datpiPng

pov d¢ Ba Tav Toté dvvary.
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1. Evcaymyn

Y10 mAaiole TG GUYXPOVNG KOl GULVEYOVG OVATTLENG TNG  TEXVOAOYiNG,
mopoatnpeital Eviova mAEOV 1 avdykn vy v avdrtuén eveuov cvotudtov. H
ekBetikn mpoodoc tov KAGdov TG Teyvntic Nonuoohvng Ba gépet pio emavaoToom
OTNV ENOYN TNG TANPOPOPIOG OV KAVEL TO. AALOTE EMGTNUOVIKA GEVAPLL QOVTAGIOG,
TpaypotikéTnTo. Mo véa yevid “€Evmvav” poumot xer Mon apyicel vo kdvel
a1oOnT) ™V Tapovcia ™S otov Plopnyovikd KAGOo Kot TPOoPAETETOL GUVIOUO TO

POUTAT VoL Yivouv pépog TG Kabnuepvig pog Cong.

2. Nonpoovvn opijvoug

INa tov dvBpwmo mdvta amotelovoe avtikeipevo Bavpacpov n {on Twv eviopwmy
nov {ovv opyavouéva og amoikieg (pEMooeg, popunykia, K.1.A.). Kabe évtopo otnv
amowkio, 6TOL avnkel, gpeaviletarl va €xet ) Ok Tov KadnuepvoOTTO, OUMOS OAN
pall mapovcialovv o a&olnievtn opydvmon mTov Yyl Vo, AEITOLPYNOEL Of

ypedletan kopio eronteio.

Ewova 2: Zunvog
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Ot gpeuvnTég HEAETOVTOG OVTN TN CLUTEPLPOPE TOV EVIOUMV TNG OTOKIOG
odnynOMKav G610 CLUTEPOCUE TS OLTH 1) GLTOOPYAVMOVGYN TPOKLMITEL OO TNV
aAAnAemidopacn mov £yovv ta dropa TG arotkiog petald toug. Ilaporo mov kabe pia
Ao OVTEC TIG AAANAETOPACELS, LELOVOUEVA, UTOPEL VO EIVOL OTA], 0V GLVOLOGTOVV
OAeg pali pmopobv va Sdcovv Aor o€ SHGKOAN TPOPANLATA, OTMG O VITOAOYIGLOGC
™G PEATIOTNG OOPOUNG TTPOG TNV TPOeN ovdpecso o avapiBunteg dadpoués. H
GUAAOYIKT] 0T GUUTEPLPOPE TTOV EMOEIKVOOLV TO. EVIOUO OV {OVV GE OmOlKieg
ovoudotnke «vonuoovvny cunvoue» (swarm intelligence). [1]

DuoKd TOPAdELY O VONLOGVVNG GUIVOVG OTOTEAOVV KOl TO. GUAVT] TTOVALDV TOV
moapolo mov  amaptilovror amd TOAAEG ALTOVOUES OVTOTNTEG AglToLpYoLV Gav pia
OVTOTNTO KOl KIVOUVTOL oV €vo, GO He KOO mpocsavatolopo. Ilapatnpdvrog
€va GUVOC TOVALDV TPOGEYEL KOVELG OTL KIvohVTal 6oy ORAda e KOV KatevBuvon
Kol Kowo mpocavatoAopd. To chotua avtd Onpuovpyeitor amd TN GLVOAIKY
ouumePLPopd Kabe PHEAOVG — TOVALOL TOL GUNVoLS. 'Eva movAl mapatnpel yopw tov
10 mepPdAiov tov Kot emdeikvdoviog pia Bovpaot evpuio cuvvmoAoyilel To
dedopéva o €xel, 6 GYECT UE TO AALD TOVALY, KO TOPVEL TIG OIKES TOV ATOPAGELG
yopic va maipvel dwotayéc amd kovévay. Tpelg apyéc avaeEépovtal 6To VOUO TOV
Couzin: (o) av évo movAl amopaxpuvlel amnd ta Gl TOTe avtilauPdvetar Ot
TPEMEL VO, EMTAYVVEL, OV OU®G TANGIALEL TOAD G€ KATO10 AALO TOTE KoTaAaPaivel Ott
Bo cuyKpoVOTEL OTOTE KOl EAATTAOVEL TNV TOYLTNTO TOV LE TPOTO TOV VAL dlALTPEiTON
1N cvvoyn ToL cunvovs, (B) amoeevyel KABe UTOOI0 TOL GLVOVTA KL OV O OPLOTEL
amd 10 cunvog Ppiokel Tpomo va Eovaouigel P’ avtod kot (Y) OAo To TOVALL TPETEL VAL
€yovv ol Kown katevbuvon Kot va akoAovBovv pio cvykekpyuévn mopeia. H apym
NG «GUVAAOYIKNG CLUTEPLPOPASH TOV GUIVOLG TMOV TOLAMAV ivar 0Tt kéBe pEAOG
(movMd) avtdvopa kot aveEdptra mpoomabel va dratnpel (o eEAdYIOTN OmOGTOCN
and Kabéva, and To vrodloro PEAN Tov cufvouc. [2]

O Craig W. Reynolds dwtinmoe 10 1987 tpeig Pacikong KavOVeS yio. T
dnpovpyia oynuaticpod ouvoud: [3]

V" H «évoon» tov opfivoug datnpeiton amd pio dovaun cvuvabpoiong.
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v T va éyetl 1o opfvog idio taydnta, To péhn tov Oa Tpémet va eAEyyouy
O1KT| TOVG TOYVTNTO MG TPOG TOVS YEITOVEG.

v Yrdpyet pic dovoun dayopiopov, O6mov o péAN Tov opfvovg ivat
EVOEYOUEVO VUL VTTOGTOVV Kol EUTOOILEL TO £vo LEAOC VOl TTETAEL TOAD KOVTA [E

TO GAMO.

2.1 Avtoopydvmon

O 6pog avtoopyavoon (self-organization) mepiypdoet v yéver ) cvALOYIKN
GLUTEPLPOPE DOHKDV GTOLXEI®MV ooV AmOTEAESHO TNG AAANAETIOpAoNG LETOED TOVG.
H avtoopydvmon éxet 6vo Paciéc 1O10TNTES: TIG OUAOIKES OTOPACELS KOt TO OTL OEV
vrdpyel epapyio. XopokKnpioTikod Tng auTopydvoong eival 1 EAAELYN KEVIPIKOD
erLEYYoL Tave ota PEAN. AvtiBeta o Eheyyog TG SOUNG elval Kataveunpévog oe OAO
10 cvompa. Oha to péAN TopOLo TOV OAANAETIOPOVV HOVO TOTIKE HETOED TOLG
GULVEIGPEPOVY EIGOV GTNV AVTOOPYAVMGT TOV GLOTHUATOGC. [4]

Ot kavdveg mov kabopilovy T GLUTEPIPOPA TOV HEADY EVOC AVTOOPYAVOUEVOD
cvotuatog Bacifovtor e TANPoPopiec Tov maipvouy To LEAT TOV A0 TO YELTOVIKA
toug. Me Baon avt t dwmictwon Pyaivel T0 CLUTEPOAGLLO TMG £V AVTOOYUVMOUEVO
GUGTIUO OPYOVOVETOL OO Uiot €6MTEPIKY] WOOTNTA TOV GLGTHUOTOS Kol OgV lval
AmOTEAECUO EEMTEPIKMV TOPEUPAGE®Y. O uNYavicpol Tov SIHOPPDOVOVY OVTY TNV
E0MTEPIKT 1O10TNTA Elvar:

Octikn avadpaon: To GOGTNUO OOVAEVEL LE £VAV CLYKEKPIUEVO TPOTTO. AV OU®OG TNV
mopeia vapEovy Asttovpyieg ToO amodoTIKES, TOTE TO GVOTNUHO £XEL TN dLVATOHTNTA
VO TIG TPOTLUNOCEL OO L GAAN.

Apvntikn avaopoon: Av to cvotnuo viofetnoet ™ Betikn avadpoon v elcoppomet
Yopic va etdvel ot dKpa. ATAQ daTnpet TIG 1GO0PPOTIES.

APefoirotnro-Aiotopoyéc:  To ovomUE  OVOKOAOTTEL VEEG AVCELS YL TNV
avtofedtioor] tov. Mepikég QOpEG LIAPYOVY KOl UEUOVOUEVES GUGUEPLPOPES OE
HEAN TOV GLGTNHATOC. AVTO Popel va 00N YNGEL GTNV EVPEST] VE®V AVCEWMV TOV NTAV

dyvooteg 610 TOpPEADOV.
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2Zriyuo. Epyov: Eivoar o pnyovicpog emKoveoviag Kot LeTapopds TAnpopopiag petalhd
TOV 0VTOVOL®V peAdV. H emikotvaovio ovtévopmv peddv g yivetat pe dueco tpodmo
aALd pe éppeco. ITo ocvykekpyiéva, n emkotvovia yivetol HEC® TV HETAPOADY TOL
npokaiel kaBéva amd ta avTOVOpO HEAT 6TO Aueco TepIPaAlov tov. Otav Eva uélog
aALGEEL T OpAoT TOV, M oAAAYT avTh Ba Yivel avTIANTT amd TO YEITOVIKO TOL Kot
Bo avtidpdoet avaroya pe TIG CLVONKEG Kot TOV TPOTO oL TIG avTihapuPdveral. O
TpEMEL va, onuelmbel 0TL 0 yvopilel TIG EVEPYEIEC TOL HEAOVG TTOV TPOKAAECE QLT
™mv aAdayn. Avtog sivarl évag TPOTOG EMKOIVOVIOG OV €YEL TEPLOPIGUEVO EVPOG

TANpoYopiag mov pmopel vo, petadobel Kot peyddn avoyn oe opaiuara. [5]

2.2 Ewoayoyn ot Bektictonoinon

[Ma vo emivBel éva TpoPanpa Ba mpénet va TapBodv KAmoleg AmoPiacEL Kot 6T
cuvéyela va a&toroynbovv pe Baon to aroteléopato g Kabe andpaonc. ['evikd o
wpofAnpata fertictonoinong Bewpovvial avtd 6oL avalnTtovv T0 OMKO EAAYIGTO 1
T0 OMKO péyioto pag katdotaong (cvvdpmnong). Ot dVo avTég TEPTTOCELS vl
1600VVaEG KOODS €va HEYIOTO HaG cLVAPTNONG, av oAAdEovpe 10 TPdoNO TG,
apécmg omotedel TOo  €hdyoto TG Kot avtiotpoga. ‘Etor éva mpofAnua
LEYIOTOTTOINGNG LETATPETETOL GE TPOPANUA EAAYIOTOTTOINONG. X€ TOAAE TpoPANOTOL
BeAtiotomoinong tifevrot emmALov o1 TEPLOPIGHOL Ko cuvONKeg (Kpitnpla) To omoia
npénel va, wavomomBovv. Koplo poro oty enilvon tov mpoPAnpatog mailer M
HOpON NG ovvaptnong mov odnyel oe avt) (T). acvveyelc cLVAPTNGES O&v

UmopoHV vo BEATIGTOTOINGOVY EVKOAQ).

2.2.1 Mé0ooor Behtiotomoinong - Kpiripua

Yrdpyovv moArol drapopetikol TpdmoL yio v katnyoptomoinfovv ot pébodot
BeAtiotomoinonc. 'Eva tpoémoc eivar pe 10 av ¥pNOLOTOIO0V TOPAYDYOVS, OV
YPNOOTOOVV TANBVoUOVG, av elvar aAyoplOuikéc Kol av  €xovv  gyyvnuévn

ovykAon ko axpipeta. [6]
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Ou D. Beasley, D. Bull, kau R. Martin Beasley Martin, katnyopromoincov Tig

puebddovg PedtioTonoinong wg e&nc:

MéBooor faciouéveg arov Aoyiouo. Ot pébodot avtéc atnpilovion Katd KHpo
Adyo ot ypnon mopaydywv. To Pocikd tovg pelovéKTUo eivor OTl
eEapTOVTOL A0 TIC OPYIKEG CLVONKEG Kot TNV EUPELELOL.

MéBoodor toyaias avalntnons. Me 1ic pebddovg avtég mapdyovior tuyoio
onueion T OmoOiol OMOTIUMVTIOL Kol OTN CLVEXEWL oamogocileTor ov elvol
amodEKTA 1| OYL.

MéBooor  emavaioufovouevns  avalnnons.  Avtéc ot pébodor  eivar
ovuvovacpog tov  uebodwv hillclimbing kout tov uebddwv tuyoiog
avalnmone. ‘Etol, 6tav n hill-climbing ¢tdcel oe éva tomkd eldyioro,
gvepyomoteiton M péBodog g tuyaiag avalnmmong, n omoio diver éva véo
apyikd onueio otov adyopifuo. Anod avtd to onueio Eekwvaet £va véo hill-
climbing.

M¢éBoodor mpooouoiwuéves avortnons. Amotehovv tpononoincn twv pebddwv
hill—climbing. Avikovv 6T0VG 6TOXUOTIKOVG OAYOPIOHOVG KoL EYOVV TOAAEG
epoppoyés. Kabe Puo peretd pio Adon kor dgv a&lomolel TANPp®G TIC
TANPOPOPIES Ao T TPONYOLUEVA PpaTaL.

Avvogurog Ilpoypouuotiouos. Amotelel 1oyvpr] kot mwoAD  e€etdcevpévn
pebodoroyio. Emider mapopown mpofAnpata, tov omoimv ot AVCEL
cvoyetifovrol Aoyud.

Evpetikéc uébodor (heuristic methods). Ot péBodot awtoi odnyovvral ot
AOon otnplopevol oty aAAnAovyio S1000YIKMOV TPOCEYYIGTIKMOV ADGEMY TOV
npofAnpatog. Ta amoteAéopata mov Aapfdvovior oev elvar o KoAvTEPO
duvatd oG elvor OPKETE LKOVOTOMTIKG Kol GYETIKA YPyopd. XT0 GOVOAD

TOVG givarl pn aiyoptOukéc.[7]

‘Eva onuavtikd yopaktnptotikd yoo v €0peon g PEATIoTG Avong evog

TpoPAnpatog givat kat 1 wavomoinon Tev Kprmpiwv mov diémovv 1o mpdfinua. Ta

Kuplotepa ivor: [8]
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(a) O ypovog mepdTmong Tedevtaiong depyociog
(B) O cvvolikdg xpdvog pong

(v) O ovvolikodg ¥pdvog OAOKANP®ONG

(0) H péyiom kabvotépnorn ohokApmaong

(8) Zuvovao oG TOV TopaTdve Kprtnpiov

2.2.2 BEATI0TOMOIN G LE GUNVOG CONOTIOIOV

Ol 0ppHOVIKEG KIVOELS TOV HEADV €VOG OUNVOLS (GLyypovicuévn kivnon,
EVIVTIMOGIOKOL  GYNUOTIGHOL  Y®PIC OCLYKPOVGEIS) TPOKAAEGOV TO  EVOLPEPOV
SPOpwV pereTntdv. Ot EpEVVEG TPOGOUOIMONG OV £yvay, €YoV GTOYO T WEAN
TOV GUIVOLG VAL S1OTNPICOVY Lol BEATIOTN ATOGTAGT OO TO. YELTOVIKE TOVC.

H avéntuén g pebddov Bertictomoinong pe cuivos copatidiov Eekivnoe
He TV EENG!

«M KOW®OVIKN avToALoyn TANpoPopiag LETAED TV LEADV EVOG
TANBvoPoD divel Eva eEeMKTIKO TAEOVEKTNILO GTOV TTANOLGLOY.
AVT0 Ty TO 0pYIKO GKETTIKO Yo TNV avamtuén g nebddov Pertictomoinong pe
GUVOG COUATIOIWV .

Ot Eberhart xoar Kennedy avéntvoéav évav  e£opowmT  KOW®MVIKNG
GUUTEPLPOPAS DGTE VO TPOGOUOIDGOLY TNV KIvNoN TOL GUNVOLG TOV COUATIOIWV.
2m ovvéxelwn mpooTéOnKav Kot GAAN  XOPOKTNPIOTIKA TNG Kivnomg Ommg 1
EMTAYVVOT OO AMOCTUGT KOl O GUVIOVICUOG TAYVTNTOV UETAED TOV YEITOVIKMV
LEADV TOL OUNVOVG, €10l @ote va peremBel mn kivnon tov ounvovg mPog
ovyKekpiuéveg éoelg / tonebeoies.

Avty n mpocopoimon Kivnong pHe KATOEG EMMAEOV TAPOUETPOVS EYIVE 1) TPMTN
éxdoomn g Pertictomoinong e GUNVOg GOUATIOIOV Yo TPOPANHATe aplOUNTIKNG
Beltiotonoinonc. [9] [10]

H BeAtiotonoinon pe ounvog copotidiov mapovcstdlel moAAd Kowvd Ue TOVG
aAyopiBpovg mov  ppobVTOL TG QUOIKEG  OOIKOGIEG TNG  EMAOYNG, TNG
AVOTOPUY®YNG, TG METAAAAENG Kot TG dwaotavpwons (E&elktikol AdyopiBuor)

[11]. H da@opd tovg givar 6Ty Tpocapuocuévn taydTnTa, 6Tov Y®po avalntmong
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oV KGBe PEAOVE TOV GUNVOLS Kot 6TO OTL KABE PEAOG TOL CUNVOVG EXEL 10 WVAUT
Omov dwtnpel TV kaAVTEPN B€om oL EMOKEPTNKE. YTAPYXEL PO TANPOPOPIog
LETAED TV HEADV TOV GUIVOVE GYETIKA LE TNV KaAVTEPN BE0m 7OV €iye TO KOOEVAL.
Me avtd TOV TPOTO M EMTAYLVON TNG Kiviiong evog néovg tov ounvoug Pacileton
OGNV YVOOT TG KOAVTEPNG BE0MG OV €iye AALA KOl 6TN YVOOT TG BEong mov elyav
Ta vmoAoma péAN (yeitovég Tov). Ot Eberhart kon Kennedy Adyo g évvola g
KEMTAYLVONGY», TOV YPNOUYLOTOLEITAL GTI PUOIKY], OVOLOGOV TO LEAN TOL GUNVOLG
ocopatiot. Me avtd tov Tpomo 1 uébodoc ovopdotnke «Beltiotonmoinom pe Zunvog
Youpotidiov» (Particle Swarm Optimization). [9]

O Millonas 6pioe mévte Paoikég apyég thg Nonpoovvng Zunvovg mov Oa mpémet
va, akolovBei 1 Pedtiotonoinon ocuvovg copatdiov. [12]

1. Ieirviaon: To ounvog vo umopet va mpaypatomotel amAovs ypovikovsg Kot

YOPKOVS VITOALOYIGLOVC.

2. Ilowmyra: To ouqvog va ovidpd ©€ TO amodoTKoVg (Yo to 1610)

TAPAYOVTEG TOV TTEPPAALOVTOG.

3. llowkilio. avudpaoewv: To oufvoc mpémer vo €yl peyGho odopo

avTIOPAcE®V.

4. Evotobero: To oufivog 0ev mpémel va. 0AAALEL TN CUUTEPLPOPA TOV WE TNV

emidpaon evog Bopvov, OnAadn e pia apeAnTéR oAAAY 6TO TEPPAALOV.

5. Ilpocoppootixotyro: To oufvog mpémer va mpocapudletor. Anladn vo

aALACEL TN GLUTEPLPOPE TOV OTAV 1) EVEPYELD TOV VTN OEV TPOKOAEL HEYAAES

aAhayEG.

2.3 Nonqpoovvn Zpivovg - Muppiykio

Mo and Tig apyikég LEAETEG TNG VOMLOGUVTG GUIVOLG aGoANONKe, Kuplwg pe
mv avalnnon g Tpoepng and to popurnyku. Ewdikdtepa, katapepe vo amodeiEet
TOG Ol YPOUUES TOVG TOV TOAD GLY VA PAEmOvpE 0TO TEPIPAALOY, T OLOT 1 GTNV
kovliva pog gival amotéAespo TG EKKplong amd o 101 Hog ¥MUKNIG ovciog Tov
TPOCEAKVEL TOL AAAD LLPU YKL, TNG PEPOPUOVNG. H pedétn, emmAéov vroypduce

TG oVTN M Owdkacio NG £KKPIONG (QEPOPUOVNG Yo TNV VLAOmOINom &vog
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LOVOTOLTION, TOV UTOPOVV KOl TO. VITOAOUTO £VTOUA VO BPOVV KoL Vo aKOAOLO GOV,
glval po evolopEéPoVca GTPATNYIKN YO TNV VOKAALYN TNG TTO GUVTOUNG SL0dPOUNG

aVApESO 0T POALG Kot otV Tpor|. [1]

:

A

. i .
4 JH‘.:u(u‘tmﬁﬁN? LIlave.
o o A 3 .

Ewova 2: Nonupoothvn Zunvovug

210, TEPAUOTO TOV £ytvov GYeTIKO pe 1o Bépa tomobetnOnke avdueco ot
QOAG KO TNV TPOPT] TOV HUPUNYKIOV P YEQUPA He 000 KAAGOVS, amd TOVG 0Toiong
0 évag NTav JmAAG1IO¢ 0€ UNKOG amd Tov GALo. Méoa oe Alya Aemtd m omoikia,
ocuvnlmg, dtleye Tov O GUVIOHO Opdpo. Ta TPpdTO HVPUNYKIO TOV YOPIoAY GTN
QeOMA amd TO UEPOG TOL NTOV TOMOOETNUEVN 1 TPOEN NMTOV OLTE oL Elyav
aKOAOVONGEL TO GVUVTOUO OpOUO TOGO OTOV TNyALVAY, OGO Kol OTOV EMECTPEPAV.

Muog kot ot 1 dtedpoun NTav 1 TPAOTN Tov £iye OTAO {Yvog PEPOPUOVNG, TO AL
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HUPUAYKLO TV TPOTIHOVoAV, Kot £T61 Vo eVioyvBel KL GAAO KOl Vo amoTeELEL TV 000
TPOGPACNC TPOS TV TPOPT.

Otav, 6pmc, 1 mo cbvroun SdpoU ELEAVICOTOV GTA HUPUNYKIO LETA A TN
HoKpVY, TOTE auTd 0gv TNV akolovbovoav, apov 1 deVTEPT £lye MO «ONUOOEVTED»
pe to iyxvog eepopudvnc. Avtd amotelel éva onuovtikd mpoPAnpa to omoio ot
EMGTALOVEG UTOPOLV VO EEMEPACOVY VLAOTOIOVTOG £VOL UOVTEAO TPOCOUOIWONG
QEOMAG - HOPUNYKIOV - TPOPNG €lodyovtag v €vvola tng eEATIIONG NG
eepoppovnc. Otav 1 ewovikny ynukn ovoio £xel v taon va eatuiletor ypnyopa,
TOTE TO O LOKPIVA LOVOTTATIO O S1aTPOLV Yol TOAD ovTod TO {Yvog pepopudvne. Ta
EIKOVIKGL LUPUNYKLOL UTOPOLV, HE OVTO TOV TPOTO, VO, ETAEYOLV TOV TO GUVIOUO
opouo, axopa K ov ovtdg epPavictel Alyo mo apyd and tov mo pokpvd. Avti
KovOTNTa Elvot TOAD oNUAVTIKY], Yiotl «epmodileyy T0 GUGTNUA GTO VO GUYKAIVEL O
evolbpeosc AMaoelg, Lovo Kot povo enedn oev €tuye vo eEETACEL TIC KOADTEPES TLO
vopic. A&ilet va onuewBel OtL, M @epopudVN TOV HLUPUNYKIOV ot OoN
amotkodopeitat Lev, aALd pe TOAD apyd puluo.

[Ipaypotonoudvtag o€ TPOGOUOI®ON (GTOV VTOAOYIOTH) TNV TEXVIKY NG
eEATIIONG TG PEPOPUOVNG, Ol EPELVNTEG EUPAVIGOV GE MO OMOIKIO Amd EKOVIKAL
popunyKle TG 101eg mYES TPOPNG, OUMG GE OOPOPETIKY OMOGTOCT OO TN POALL
TOVG. TNV 0Py, TO EIKOVIKE HLPUNYKIOL OlEPELVNGOV TOV TEPIPAALOVTA YDPO LE
TUYoio TPOTO. TTN GUVEXELD ONUIOVPYNGOV LOVOTATIY TOV GLVEDENY OAES TIC TN YEG
TPOONG UE TN QWAL ANEC®OG PETE STPNGOV HOVO TO. LOVOTATIO TPOG TIS TLO
KOVTIVEG TINYEG TPOPNG, UE OMOTEAECUO TN OTAOOKT €EAVTIANGT QLTOV TOV TNYAOV.
Otav n tpoen eavtindnke, ta €KOVIKO pupunyKio apyloov vo alomolodv o

anopakpvopéveg myéc. [1] [13]

2.4 Nonpoovvy Zpuivovg Zvetnpdtmv

H vonuootvn oufvovg (swarm intelligence) eivar éva avadvoupevo medio
Boroyikd epmvevopévng texvnTAg vonpoovvng mov Pociletor oto  poviéda
CLUTEPLPOPES TOV KOWVOVIKDV EVIOU®OV OTMG TO LUPUNYKLO, Ol LEAMGGES, Ol GONKEC,

o1 teppitec KAm. [16]
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Me Ao Adylo €lvar 1 GLAAOYIKT] GUUTEPLPOPE AVTOOPYOVOUEVOV PUCIKMV N
TeEYVNTOV cvotnuatov. O dpog elonydn and tovg G. Beni kot J. Wang to 1989. [14]
H vonupoobvn ounvovg eivor €va  YopoxTnpliotikd TOV  GLGTNUAT®V  TOL
mopovctdlovy GvAAoYIKA pio gvpun ovumeprpopd. ‘Eva ovotmpa peietd to
neplPdAlov, 1o aviyvevel Kot ektedel KAOe evépyelo avaioyo e To. dedopéva OV
naipvel omd avtd. Kabe pélog tov cuoTirotog Asttovpyel owtOVOUO Kot TEAMKA
TPOKVITEL 0L GUVOALKY] GLAAOYIKN cvumeptpopd. To gvpun cvotnua dev Taipvel
oonyleg amd Kavévav, oAl avtevepyel epapuoloviag amlovg kavoveg ot omoiot
001 YOUV GTI GUAAOYIKY] GUUTEPLPOPA KOl GTNV ELOLIAL.

Ta cvotyuoTo vonuoohivng cUNVovs amoteAovvTat omd Evov TANBLGUO amAdV,
AVTOVOU®OV HEADV OV OAANAETOPOVV petalld tovg Kot pe 1o meptPdAlov toug o€
tomiko eninedo. Ta cvotiuata sivol gumvevopéva omd ™ EOoT Kol EWKOTEPO ATO
ta Broroywcd cvothpata. Ta péAn akolovBodv amrAovg KavOves, Kot Toporo TOv dev
VILAPYEL EMOMTIKOG EAEYYOG TOL VO VITAYOPEVEL MG TPEMEL VO CLUTEPIPEPOVTAL, Ol
AAMAETIOPAGELS LETOED TOV PEADY 00NYoUV o€ pio KABOAKT), EDOLT] CLUTEPLPOPA.
mov givar dyvootn ota avutovopo pEAN. Duoikd mapadelypota TG VONLOGUVING
OUNVOVG  TEPIAOUPAVOLV  TIG OMOIKIEG HLPUNYKIDV, TO GCUAVN TOVADV, TN
Baktnpotoxn avamTugn, Tig ayEAeg 1 To KOTdoo LO®V Kol T0L KOTAOLO YOPLdV.

H epappoyn tov oapydv tov GUVOLS GTO POUTOT OVOUALETOL POUTOTIKN
ounvovs, &vd 0 Opog "vonupoovvr GUNVoOLS"  avoeEPETOL GTO GUVOAO TV
aryopiBuwv. H mpoPreym ounvovg €xet ypnowomombel oto mioico TV
npoPfAnudtev tpdyvoong. [14] [15]
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Avvatotnreg [16]:

Scheduling Optimization

Swarm Intelligence
Capabilities

Clustering Routing

Ewova 3: Avvatdreg g vOnHocHuvNg GUIVOLS

Lpoypopuoziouos (Scheduling): Alvetar Eueoaom ot oxetikn 0€om g epyociog Kot
O)L O6TOV QUECO TPOKATOYXO 1| GTOV AUEGO S1Ad0Y0, GTOV TPOYPUUUOTIGUO KOl GTOV

afpo1oTIKO TAYKOGUIO KavOva aloAdYNoNG TV PEPOPLOVAOV.

o

"o he

Ewoéva 4: E€icoppdmnon eoptiov amoikiog — AntZ

Ouadomoinon (Clustering): ‘Eva cOumieypa givat pio GLALOYT TopoydvImy Tov givat

TOPOLOTIEG KoL £V OVOUOLEG LE TOVG TTOPAYOVTEG AAA®Y OLAOWV.

Ewova 5: Zynuaticpog cuotddmv TTdemV Yo Vo KaBopioTouy ot QOALEG

TOV HOPUNYKIOV
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Beluoromoinon (Optimization): 'Eva npopAnua Bertiotonoinong eivat to mpofanuo
™¢ e&evpeong g Avong Best Solution / Minimal Cost and 6Aeg Tig eIKTEC ADGELC.

Edge Core Edge |

@ Router Router E Router /@

—

D

_______

Electrical Access Optical Access Electrical
Domain Network Domain Network Domain

Ewéva 6: BeAtiotomoinomn ontik®v SIKTOmV

Apouoioynon (Routing) : Baciletar otnv apyn 0Tl To UIPOCTIVA LOPUIYKLL divouv
YPYOWES TANPOPOPIEG OV GLYKEVIPOVOLV GTO TOEIOL TOVG amd TNV POMAE 6TV

TPOPN GTO LUPUNYKLL TTOV akoAovBovv. [16]
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Ewova 7: O adyopiBuog dpopordynong AntHocNet yio ta MANET

(xwvnté ad hoc diktva)
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IMicovekTpora [16] :

Derivative free
optimization

% 2 2 3 3 Robustness

x
x
x
x

Swarm Intelligence Flexibility
Benefits

Easy marketing and
implementation

Low total cost

Ewova 8: [Theovektiuato tg Nonpoovvn Zpuivoug

Eveli&io (Flexibility): H amowio ovtomokpivetol 6Tig E6MTEPIKES SOTAPOYES KOL TIG
eEOTEPIKEG TPOKANGELG.

2tabspotnro. (Robust): Ou epyoocieg oloKANp®VOVIOL OKOUN KOU OV KOTOLO0L
TPAKTOPEG AMOTVLYOVV.

Aofauion (Scalable): Mmopet va  xhpokobel amd Alyovg mpdxtopeg o€
eKaToppdpaL

Arnoxévipwon (Decentralized): Aev vdpyel Kevpikdg Eleyyog 6TV omotkio.
Avroopydvwon  (Self-organized): Ot  Adoelg  sivar  avadvopeveg Kot Oyl
TPOKOOOPIoUEVEC.

Ipooapuoyy  (Adaptation): To ovotua GUNVOLG TPOGOPUOLETAL KOl  GE
npokafopiopéva epebdicpata oAl Kot og véa epebiopara.

Toyotnro (Speed): Ot aAlayég 6T0 dikTLO PTOPOLV Va. 1050000V TOAD Ypyopa.
2yéon Emrméowv (Modularity): O mpdktopeg evepyodv ave&aptnta amd To GAAa
eninedo S1kTHOV.

Hoporiniiouos (Parallelism): Ov mpdéelg tov mpaktopwv &givor ek POOEMG

TOPAAANAES.
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Mewovektipata [16]:

2oumepipopdg: AVGKOAN M TPOPAEYT TNG GLUTEPLPOPAS OO TOVS UEHOVOUEVOLG
KOVOVEC.

I'voong: O 1poémog Aertovpyiog oG omowkiog Oev umopel vo yivel TANP®G
KOTOUVONTOG LLE TN YVAOOT TG Asrtovpyiog evog Lovo mapdyova.

EvoucOnoiog: Axdpo xor po pukpn oAdloyn otovg amhog kavoves odnyel o€
OLOLPOPETIKT CLUTEPLPOPE GE OAN TNV OLLAOOL.

Apaong. H ocouneprpopd tov mapdyovia potdlet pe 06pvPo, kabmg Kabe amdeaot

ToV glval KaBopd VITOKEEVIKT.

3. AkyoprOpor vonuocuvig opfivovg

Ot oly6piBpot Bertictonoinong (Swarm-based optimization algorithms - SOAS),
elvar Pacwopévol oto ounvn g eOonc. Avtiypdoovtag Tic QUoIKES pefddoug,
odnyovvrtatl otnv avalntnon g Pértiotng Abonc. Ot SOAS ypnoyorotovy yio Kade
emovanymn éva mAnbog and Adoelg kot oyt pio «pepovopévny Aon. Enegepyalovton
TaVTOYpOVE, GE Mol emavdAnym, éva mAnBog AVcewmv, Kot £tol 0dnyolv o1
onuovpyia evog Kouvovplov mAnBovg Acewv. Av éva tpofinua Bertiotonoinong
oLYKAIveL og éva povo BérTioTto, tote o LEAN Tov TANBovg B cuyKAivovy Kot avTd
pog avt ™ PBértiotn AOon. Av dpmg vrapyovy meplocdTEPE TOV €vOG BéATIoTA,
tote €vag alyoplBpog SO pmopel va ypnopomomBet yuo va to ykAmPicel 610 TeEAMKO
mAn0o¢ tov. [17]

>tovg SO akyopiBuovg avikovv: ot EEghiktikoi, ot I'evetikol kot ot AlyopiOuot
BeAtiotonoinong Tunvoug Zopatidiov (PSO, ACO, ABC). [18]

Ot péBodor mov Pacilovrar oe cunvn, amotelobv évo Pacikd TpOTo Gyedioomg
MOTE VO Lopovy va, TapayBovv moAlég mapailayég TG AVomg mov avalnteital.
Kamoteg pébodot avalnmong ypnotorolodyv Eva Kpitnplo akopeostng emtbupiog, yo
Vo amoQaGicovV ol AVoT, 0md aVTEG TOL TAPdyovTal, Vo Kpatioovy. 'Eva tétoto
Kprtnpo o pmopovoe, Yo TapAdELya, Vo Etvat 1 arodoyn oG Kotvovpylag AVomG,

0 omoia udvo Ba AVEAVEVLELDVEL TNV TIUT TNE OVTIKEWEVIKNG cLVaptnong.[19]
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3.1 AyopOpog Amowkiog Mupunykiov - ACO

O Marco Dorigo, gmivonce avtov tov adyopiBpo tpoonabddvtoc vo AVCEL TO
npoPfAnua tov Ilepumhavopevov IMointy (Travelling Salesman Problem — TSP).
2KOTOG TOL NTOV Vo Ppel TV eAdylotn dtadpoun mov Bo TpoypoTonolovoe Evag
TOANTNG TPOKEEVOL VO EMICKEPDEL OAEC TIG TOAELS ad piar PopdL.

O oAyopiBuoc amowiag popunykiov (Ant Colony Optimisation — ACO)
TPOEPYETOL OO TN UEAETN TNG CLUTEPIPOPAS TWV OMOIKIOV TOV Hopunykiov. O
aAyOpPIOLOG aVTOC, TPOGOUOIDVOVTOG TOV TPOTO AELTOVPYING TOV OTOIKIDV TOV
HUPUNYKI®DV, CTOXEVEL GTNV EMIAVGT TOV TPOPANUOTOS TNG EEAGPAAONS TNG TPOPNG
toug. H petdfaon tov «texyymtdvy popunykidv ond tn o woOAn oty GAAn, Ue
Kkdmole mbavotra, elvar n kdbe Adom yw TO TPOPANUO TOL TEPITAAVAOUEVOL
nont). Otav 10 «teyyntd» HOPUNYKL ETOTPEYEL OTNV aP)IKN TOAN TO «TOSio
oloxkAnpavetat. H Babpordynon tg Avong mov €xet emtevybel elvan pe Baon (o) to
GLVOMKO pNKOg TG dadpoung kot (B) o mocdTTA TG PEPOUOVTS, KABE POPA TTOV
Bo mepva amd TN cvykekpiévn dadpoun mpootiBetor 1 avdAoyn @epoudvn G6to
HOVOTIATL IOV aKoAovONce. Méypt va emtevydei o {ntoduevog aptBpnodg eravoiyewy
KkéBe atopo g amoikiag Oa emavardfet Tnv Tponyovpevn dwadkacio. Xnv apyn tao
popunykia. popdlovtatl toyoio otig mToAES. Oa wpémel o kabéva va Eekva amd o
Spopetikny wOAN. To popunykt KoTaypdeet Ty TOAN VTN OC APETNPIN Y10 VO TV
amokAgicel amd TG emdueves emAoyéc tov. H moocdtnta pepopndvng exepalet v

«eumepion e vrorowng amoikiog. [20]
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Ewova 9: AlyopiBuog Ant Colony Optimization

Me v oloxAnpwon Tov Tafdlod OA®V TOV HLUpUNYKI®V  mpooTtifetan
Qepopovn og Kkabe povomatl avdAoyo pe TNV €midoomn Tov KAbe pupunykiov. O
npénel vo AneBel v’ dyv AdPovpe 0 mapdyovtag TOV Eivol GYETIKOG UE TNV
eEdtion G EEPOUOVNG £TGL YIVETOL 1] OTOPLYT TNG EVIGYLONG TV APYIK®V TUYOimV
OLKLUAVOEMV.

H Aopun tov Aryop@uov Ant Colony Optimization

Brpa 1:  Opifovpe t0v apBud tov popunykudv idto pe tov aplipd tov TOAEwv.
Atvovpe apykn| T ot eepopdvn o€ OAA T LOVOTATLO. TOV GLVOEOVV TIG
mOAELS PETOEL TOVG. Ymohoyilovpe OAeg TIG OmMOGTAGES TV TOAE®V.
Kavouve toyaio emdoyn g moOANc-apetnpiag g dtadpoung tov kdbe
HOpUNYKL00 Kot TNV TomofeTod e 6TV AMGTA TNG UV UNG TOVL.

Brua 2: To xdBe popunykt, emAaéyoope v enduevn mOAn mov Bo emoketel pe
Baon tov tuyaio avaroywd xovova petdfoong. Avtd yiveror péxpt va
0AOKANPAOGEL TN S10OPOUT TOV, 0ol £xel mepdoet amd kabe TOAN pia pdvo
QOpPE Kot TEAKA Vo EMOTPEYEL TNV TOAN-aPETNPio.

Brua 30: Kataypdepovpe v kaivtepn dtadpoun mov Ppébnke.

Brpa 40: Avavemvoope 1t @epopdVN] OTOL HOVOTATIOL TOV  EMICKEPTNKOV TO

HOPHTYKIOL.
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Brua So: Eravoiappdvovpe ™ Sadikacio Eekivoviog amd to Piua 2 €og dtov
oAoKANpBEl Evog cuykekpléVos aptBpdc emavalnyemy 1 emitevybet va

Kkprpio ovykione. [21] [22]

O kodwkag Tov Ant Colony Optimisation - ACO eg Matlab

feromoneA=zeros (20,20) ;
feromoneB=zeros (20, 20) ;
PathCostl=zeros (20, 20);
PathCost2=zeros (20, 20) ;
start=zeros (1, 20);
tabulistl=zeros(1,20);
tabulist2=zeros(1,20);
Resultl=zeros(1,20);
Result2=zeros(1,20);
BestCostl=0;

BestCost2=0;

previous2=0; S$proigoumeni bestcost2 timi
finalResult2=zeros (1,20);
previousl=0;
finalResultl=zeros(1,20);
r0=0.0001;
IntBestCostl=zeros(1,100);
IntBestCost2=zeros (1,100);
metritis=zeros(21,21,11);

metritis2=zeros (4851, 20);

dd=1;
for a=0:20
for b=0:20
for p=0:0.1:1
swhile ((p<0) || (p>=1))
$ p=input ('la8os timi! dose mia nea timi gia ti parametro p:');
send
for i=1:20
for j=1:20
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feromoneA (i, j)=r0; %Sarxikopoiisi feromonis se mia
poli megali timi
feromoneB (i, j)=r0;
PathCostl (i,J)=abs(i-j); %$ypologismos kostous gia
oles tis diadromes gia
z2 (apoliti timi)
PathCost2 (i, j)=(i-3)"2; Sypologismos kostous gia
oles tis diadromes gia zl
end
end
for interation=1:100
for k=1:20
tabulistl (1,1)=k; $topoB8etisi tis polis
afetirias stin tabu list gia z2
tabulist2(1l,1)=k; S%topouetisi tis polis
afetirias stin tabu list gia =zl
il=k; %h poli stin opoia vriskete to
myrmigi gia z2
i2=k; % h poli stin opoia vriskete to
myrmigi gia zl
templ=0;
max1=0;
nextl=1l;
temp2=0;
max2=0;
next2=1;
Costl1=0;
Cost2=0;
temp=0;
flagl=false;
flag2=false;

for d=2:20
max1=0;
max2=0;
for u=1:20
flagl=false;
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flag2=false;
for h=1:d-1
if tabulistl(l,h)==u,
flagl=true;
end
if tabulist2(1,h)==u,
flag2=true;
end
end
if flagl==false,
templ=((feromoneA(il,u)) *a)* ((PathCostl (il,u))"b); S%epilogi epomenis
polis gia z2
if templ>maxl,
maxl=templ;
nextl=u;
end
end
if flag2==false
temp2=( (feromoneB (il,u) *a)* (PathCost2(il,u))"b); %epilogi tis

epomenis polis gia zl
if temp2>max2,
max2=temp2;
next2=u;
end
end
end %end for u
tabulistl (1,d)=nextl;
tabulist2 (1,d)=next2;
Costl=Costl+PathCostl (il,nextl);
Cost2=Cost2+PathCost2 (i2, next2) ;
il=nextl;
i2=next2;
end %end for d
w=0;

s=0;
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g=0;
m=0;
for r=1:20
w=tabulistl(l,r);
g=tabulist2(1l,r);
if r<20,
s=tabulistl (1,r+1l);
m=tabulist2(1,r+1);
else
s=tabulistl(1,1);
m=tabulist2(1,1);

end

if (s==0 )
s=1;

end

if (w==0)
w=1;

end

if (g==0)
g=1;

end

if (m==0 )
m=1;

end

feromoneA (w, s)=feromoneA (w, s) + (p*feromoneA (w, s) +Costl) ;
feromoneA (s, w)=feromoneA (w, s) ;
feromoneB (g, m)=feromoneB (g, m) + (p*feromoneB (g, m) +Cost2) ;
feromoneB (m, g)=feromoneB (g, m) ;
end
if ((k==1)é&&(interation==1)),
BestCostl=Costl;
previousl=Costl;
for t=1:20
Resultl (1, t)=tabulistl(1l,t);
end

else
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if Costl>BestCostl,
BestCostl=Costl;
for t=1:20
Resultl (1,t)=tabulistl(1l,t);
end
end
end
if ((k==1)&& (interation==1)),
BestCost2=Cost2;
previous2=Cost2;
for t=1:20
Result2(1l,t)=tabulist2(1,t);
end
else
if Cost2>BestCost2,
BestCost2=Cost2;
for t=1:20
Result2 (1,t)=tabulist2(1,t);
end
end
end %end for k
end
IntBestCostl (1, interation)=BestCostl;
IntBestCost2 (1, interation)=BestCost2;
if previousl<BestCostl
for t=1:20
finalResultl (1, t)=Resultl(1l,t);
end
previousl=BestCostl;
end
if previous2<BestCost2
for t=1:20
finalResult2 (1, t)=Result2(1l,t);
end
previous2=BestCost2;
end

end %end for interation
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templmax=0;
maxBestCostl=IntBestCostl (1,1);
maxBestCost2=IntBestCost2(1,1);
for y=2:100
if IntBestCostl(l,y)>maxBestCostl
maxBestCostl=IntBestCostl (1,vy);
end
if IntBestCost2(1l,y)>maxBestCost2
maxBestCost2=IntBestCost2 (1,vy);
end
end
disp (a)
disp (b)
disp (p)
disp('the result for zl is:')
disp(finalResult2)
disp('the cost for zl is:'")
disp (maxBestCost2)
d=a+1l;
e=b+1;
f=int64 (p*10+1);
metritis (d, e, f)=maxBestCost2;
metritis2(dd,1:20)=finalResult2;
dd=dd+1;
end
end
end
csvwrite ('ASzlbestCosts2.txt', metritis)

csvwrite ('ASzlCombinations2.txt', metritis2);

t=[1:100];

figure;

hold on;

plot (t,maxBestCost2, 'x-.b', '"LineWidth', 2)
hold off;

title('Best costs for every interation for =zl in comparison with
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interations) ', 'FontWeight', 'bold")
xlabel ('Parameter t','FontSize',9, 'color',[.502,.000,.000])
ylabel ('Best Cost for zl','FontSize',9,'color',[.502,.000,.0007)
figure;
hold on;

plot (t,maxBestCostl, 'x-.k', "LineWidth', 2)
hold off;

title('Best costs for every interation for z2 in comparison with

interations) ', 'FontWeight', 'bold")
xlabel ('Parameter t','FontSize',9, 'color',[.502,.000,.000])
ylabel ('Best Cost for z2', 'FontSize',9,'color',[.502,.000,.000])

and tnv IotooceA{da www.mathworks.com [23]

3.2 AlyopOpog Behtiotomoinong pfvovg Topatidiov - PSO

O oahyopbpog Pektictomoinong ounvovg ocoupatwiov (Particle  Swarm
Optimization - PSO) povtelomotlel Tov TpOTO e TOV 0mOi0 VOl GUNVOC TOLAMV M
yopov avolntd tpoen. Ta dtopa TOL GURVOVLG UTOPOLV VO AELITOVPYNCOLY Kot
LELOVOUEVE, 0ALG KUPIMG HTOPOVV VAL AELTOVPYHCOVY KOl GLVOLAGTIKA OGTE TO KAOE
UEAOG VOL XPTOUOTOLEL TIC TANPOPOPIES TOV £XEL OMOKOUIGEL £va. AAAO UEAOG KO [UE
aVTO TOV TPOTO VO UITOPECOVY Vo, Bpovv Tpoen pe Tov KaAvtepo Tpdémo. To 1d10

aKkpB®G TPocopoldVeL kKat o alydpipog Particle Swarm Optimization.

Ewova 10: Zunvog movdv

Kabe pepovouévo péhog g opddoag odnyeitor mpoc  PEATioTn Avon
AapBavovtag voyn Ta £EnG:

1) évav p€co 6po TV TPONYOVUEV®V KAAVTEP®V ADGE®V TOV 1010V Kot
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2) évav PHEGO OPO TMV TPOTNYOVUEVOV KOADTEPMV ADGEMV TOV VITOAOTWV PEADV.

Apywcd dmuovpyeitar toyaio éva apyxikd ocbvoro N vmoynelewv AVcewv
OMovpymvTag €101 €val GUNVoG amd Avcelc. o kdbe péhog emdéyeton Toyaio pio
tayvtnTa. Me avtd tov TpOmo Kot pe v Pondeto piog KatdAAnio emAeypévng
oLVAPTNONG KOGTOVG, €va HEAOG TOV GUIVOLG UTOopel Kot Ta&devEl avalnTdVTog
KaAOtepeg Boelg emilvong €tol ®ote va mapovotdlel KoAvTepn omddoorn. Otav
Bpebel n kokdTepn avt) B€om yvooTtomoteitol Kot 6ta VITOAOWTA PEAT TOV GUIVOUC.
Me avtd tov Tpdmo dnuovpyeitan £va d1dvucspa mopeiag. Me TV apyKomToinon Tov
PSO, o aiyopiBuog emavorappdvel TV SOIKAGIOL TG OVOVEDONG TOV OPYIKOV
Béocmv Kot taypmTov. Me TIc cuveyeic emavaAnyelg eAéyyetot av 1 véa B€om Tov
pédovg  etvar  KoADTEPT Avom amd tnv  mponyovpevn Péitiomn  Bdom Ko
yopoaktnpiletar og n pepovopévn Bértiom Béon.

H olkd kaAddtepn 60éom, vmoAoyiletor a@ovy 1 emavoinmtikn Stadikocio
extereoTel ylo Kabe péhog kot extiun et 1 amddoon Tovg pe Pdon v emheyopevn
GLVAPTNGON KOOTOLG. AV KATO TNV €mOVAANYTM Ol LIOYNELEG AVGES dgv elvan
amodEKTEG HEGH OTO YMPO, 1 BEon Tov dropbdveTon pe yepokivnty TopéuPfacn. [24]

[25]

O kddwkag tov Particle Swarm Optimisation - PSO o Matlab

Codes in MATLAB for Particle Swarm Optimization
swarm optimization (PSO) codes in MATLAB suitable for solving

constrained optimization problem

function f=ofun (x)

% objective function (minimization)
of=10*(x(1)-1)"2+20* (x(2)-2) "2+30* (x(3)-3)"2;

% constraints (all constraints must be converted into <=0 type)

% 1f there is no constraints then comments all c0O lines below

cO(l)=x(1)+x(2)+x(3)-5; % <=0 type constraints
c0(2)=x(1)"2+42*x(2)-x(3); % <=0 type constraints

% defining penalty for each constraint
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for i=1l:1length (cO0)
if c0(1)>0

c(i)=1;
else
c(1)=0;
end
end

penalty=10000; % penalty on each constraint violation

o)

f=of+penalty*sum(c); % fitness function

Save the following main program codes in MATLAB script file (*.m) as

run_pso.m (any name can be used) and

clc

clear all

close all

rng default

LB=[0 0 0]; %lower bounds of variables

UB=[10 10 10]; %upper bounds of variables

% pso parameters values

m=3; % number of variables

n=100; % population size

wmax=0.9; % inertia weight

wmin=0.4; % inertia weight

cl=2; % acceleration factor

c2=2; % acceleration factor

% PSO mMain program———————————"—"—" """ """ ————
—--start

maxite=1000; % set maximum number of iterationResearchGate, March
2016

2

maxrun=10; % set maximum number of runs need to be

for run=1:maxrun
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run
% pso initialization---———-""""""""""""""—"-""—"—"—"—"—"—""—"—"—"—~—~—~\—~"—~(—(—(—~—~—~——
start

for i=1:n

for j=1:m

x0 (i, J)=round (LB (j)+rand () * (UB(J)-LB(J)));

end

end

x=x0; % initial population

v=0.1*x0; % initial velocity

for i=1:n

fO(i,1)=0ofun(x0 (i, :));

end

[fmin0, index0]=min (£0) ;

pbest=x0; % initial pbest

gbest=x0(index0,:); % initial gbest

% pso initialization---———=""""""""""""""""""""""""""—"—“"—~\—~"—~"—(—(—(———————
end

% pso algorithm--------- - - - - - - - - - - - - - - - - -\ -\ -\ -\-\-\-\-"-"\—"\—" """\ """\ """\ —(—(————
start

ite=1;

tolerance=1;

while ite<=maxite && tolerance>107-12

o)

w=wmax- (wmax-wmin) *ite/maxite; % update inertial weight
% pso velocity updates

for i=1l:n

for j=1:m

v(i,j)=w*v(i,]j)+cl*rand()* (pbest(i,3)-x(i,3)) ...
+c2*rand () * (gbest (1,3)-x(i,73));

end

end

% pso position update
for i=1l:n

for j=1:m
x(i,3)=x(i,3)+v(i,3);
end

end
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Q

% handling boundary violations
for i=1l:n

for j=1:m

if x(i,3)<LB(3)

x(1,3)=LB(J);

elseif x(i,7J)>UB(3)
x(1,3)=UB(3);

end

end

end

% evaluating fitness
for i=1l:n
f(i,1)=ofun(x(i,:));
end

% updating pbest and fitness

for i=1:n

if £(i,1)<f0(i,1)ResearchGate, March 2016
3

pbest (i, :)=x(i,:);

fO0(i,1)=£(1i,1);

end

end

o)

[fmin, index]=min (f0); % finding out the best particle
ffmin (ite, run)=fmin; % storing best fitness
ffite(run)=ite; % storing iteration count

% updating gbest and best fitness
if fmin<fminO

gbest=pbest (index, :) ;

fminO=fmin;

end

% calculating tolerance

if ite>100;
tolerance=abs (ffmin (ite-100, run) -fmin0) ;
end

% displaying iterative results
if ite==

disp(sprintf ('ITteration Best particle Objective fun'));
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end

disp(sprintf ('%8g %8g %$8.4f',ite,index, fmin0)) ;

ite=ite+l;

end

% pso algorithm-----—-—--"-"-""-"""""""""-"""""""""°--—""“"“"“" """~~~
end

gbest;

fvalue=10* (gbest (1)-1) "2+20* (gbest (2) -2) *2+30* (gbest (3) -3) *2;

fff (run)=fvalue;

rgbest (run, : ) =gbest;
disp(sprintf('--———-------""""""""""""""-"—"—"———— - "))

end

% PSO Main pProgram-—————————————
----end

disp(sprintf('\n'));

ALiSP (SPILAMTE (" %% %% %ok sk sk ok ok sk ok ok ok ok ok ok ok ko ok ok ok ok ok ko ko ok ok ok ko ko Kok kK ko ko Kk Kk K

***I));

disp(sprintf ('Final Results-—---------"--""-"-"-"-——————————— ")
[bestfun,bestrun]=min (f£f)

best variables=rgbest (bestrun, :)

dlSp (Sprlntf ( Thhkhkhkhhkhkhkhhkhkhhkhkhhhkhkhhkhkhkhhkhkrhkhkhkhhkkhkrhkhkhkhhkhkrhkkhkhkhhkkhkhhkhkkxkkkx

SR

toc

% PSO convergence characteristic

plot (ffmin(l:ffite (bestrun),bestrun), '-k');
xlabel ('Iteration');

ylabel ('Fitness function value');

title ('PSO convergence characteristic')

and tnv IotooceAlda www.mathworks.com [23]

3.3 AkyoprBpog BertioTomoinong opnvovg pemccov - BSO

To 1946, o Karl Von Frisch, [26] amok®dikonoldvtag Tov TpOTO EMKOVMVING
TOV HEAOOOV, €108 TG 01 HEMOGEG EMKOIVOVOVUY KATH TNV EMGTPOPY] TOVG GTNV
KOYEAT, LEC® TOL YopoD, Yia TNV andotact TNV katevbuvon Katl TV TocdTTo piog
myng tpogns. [apatypnoe mwg ot péhicoeg tng 00g amoikiog emokénTOVTOL

TEPLOCOTEPES amMO OEKO TOOVEG TEPLOYES EKUETAAAEVONG, OAAG eoTidlovTotl pOvo
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OTIG TEPLOYEG OV givol TAOVOLOTEPEG Kot e €VKOAdTEPT TpdsPaocn. To 1991, ot
Seely, Camazine kot Sneyd €oei&av 0Tt 0tov diveton o€ pio omoikion HEMGGOV 1
emAoyn petald ovo oavtifeto TomOBeTUEVOV TNYDV TPOPNG HE TOAD Aviom
oLYKEVTPWOTN LAyapne, o GLYKEVIPAOVEL TN TPOGOYN TNG OTN TAOLGIOTEPT TTNYY).
210 PovOUEVO aVTO, TO CUNVOG 0KOAOLOEL TN HEMGGO LE TOV T £VIOVO YOpO, TOL

VTOOEIKVVEL KOl TNV TEPLOYT LE TNV TAOVGIOTEPT) TTNYT TPOPNG.

Sun
Compaoss

Ewova 11: AlyopiBuog Bertiotomoinong opunvovug pelocmv (BSO)

O alyopBuog Pertiotomoinong cunvoug pelcomv (Bee Swarm Optimization —
BSO) eivar gumvevopévog amd Tn GLUTEPIPOPH TOV HEMOCOV YayvovTag TPoQN.

[27] [28]

O kmodwkag tov Bee Swarm Optimization - BSO ce Matlab

clc;

clear;

close all;

%% Problem Definition

CostFunction=@ (x) Sphere (x); % Cost Function
nVar=5; % Number of Decision Variables

Variables Matrix Size

oo

VarSize=[1l nVar];

Variables Lower Bound
Variables Upper Bound

oo

VarMin=-10;
VarMax= 10;

oo
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%% ABC Settings
MaxIt=200;
nPopulation=100;
nOnlookerBees=nPopulation;
L=round (0.6*nVar*nPopulation) ;
a=1; % Acceleration Coefficient Upper Bound
%% Initialization
% Empty Bee Structure
empty bee.Position=[];
empty bee.Cost=[];
% Initialize Population Array
pop=repmat (empty bee,nPopulation,l);
% Initialize Best Solution Ever Found
BestSol.Cost=inf;
% Create Initial Population
for i=l:nPopulation

pop (i) .Position=unifrnd(VarMin,VarMax,VarSize) ;

pop (i) .Cost=CostFunction (pop (i) .Position);

if pop (i) .Cost<=BestSol.Cost

BestSol=pop (i) ;

end
end

% Abandonment Counter
C=zeros (nPopulation,l);

% Array to Hold Best Cost Values
BestCost=zeros (MaxIt,1);

%% ABC Main Loop

for it=1:MaxIt
% Recruited Bees
for i=l:nPopulation

Choose k randomly, not equal to i
K=[1l:i-1 i+1l:nPopulation];
k=K (randi ([1 numel (K)]1));

[

% Define Acceleration Coeff.
phi=a*unifrnd(-1,+1,VarSize);
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o)

% New Bee Position
newbee.Position=pop (i) .Position+tphi.* (pop (i) .Position-

pop (k) .Position);

% Evaluation
newbee.Cost=CostFunction (newbee.Position) ;

% Comparision

if newbee.Cost<=pop (i) .Cost
pop (i) =newbee;

else

end

% Calculate Fitness Values and Selection Probabilities
F=zeros (nPopulation,1);
MeanCost = mean ([pop.Cost]);
for i=l:nPopulation
F(i) = exp(-pop(i).Cost/MeanCost); % Convert Cost to Fitness
end
P=F/sum(F) ;
% Onlooker Bees
for m=1:nOnlookerBees

% Select Source Site
i=RouletteWheelSelection (P) ;

% Choose k randomly, not equal to i
K=[1l:i-1 i+1l:nPopulation];
k=K (randi ([1 numel (K)]));

% Define Acceleration Coeff.

°

phi=a*unifrnd(-1,+1,VarSize);

% New Bee Position
newbee.Position=pop (i) .Positiontphi.* (pop (i) .Position-

pop (k) .Position) ;

% Evaluation
newbee.Cost=CostFunction (newbee.Position) ;

% Comparision

if newbee.Cost<=pop (i) .Cost
pop (1) =newbee;

else

end
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% Scout Bees
for i=l:nPopulation
if C(i)>=L
pop (i) .Position=unifrnd(VarMin,VarMax,VarSize);
pop (i) .Cost=CostFunction (pop (i) .Position);
C(1)=0;
end
end

% Update Best Solution Ever Found
for i=l:nPopulation
if pop (i) .Cost<=BestSol.Cost
BestSol=pop (i) ;
end
end

o)

% Store Best Cost Ever Found
BestCost (it)=BestSol.Cost;

o)

% Display Iteration Information
disp(['Iteration ' num2str(it) ': Best Cost = '
num2str (BestCost (it))])

end
%% Results

figure;

$plot (BestCost, 'LineWidth',2);
semilogy (BestCost, 'LineWidth',2);
xlabel ('Iteration');

ylabel ('Best Cost');

grid on;

ané tnv IotooeAlda www.mathworks.com [23]

3.4 E@oppoyéc AlyopiOpmv Nonposvvng Xuivovg

Ta tehevtaio ypoévia, avédvovtal, SopK®MG Ol TPOSTAOEIES £QPAPUOYNG TNG
VONUOGUVNG GUNVOLS G€ Hio TowKiAlo pofAnpdtov. Zvykekpipéva 1 avalnnon
TPOPNG omd To. puppyKLe £xel odNyNoel o pia véa pnéBodo avadpopoAdynong g
KukAoQopiog ota  oOyypova  TnAemikowvoviakd  oiktva. H o cvvepyartikn
OAMAETIOPOOT TOV HLUPUNYKIOV, 7OV TPOoTadodv vo UETAPEPOLY €va LEYAAO
KOUUATL TPOPNG, UTOPEL VO 0ONYNGEL GE MO AMOTEAECUATIKOVS OAYOpiBHovg Yo )

xpnon o€ poundr. [1]
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O xuplotepeg epappoyég tov aiyopibuov ACO, mov a@opobv oIV €OPeoT
pueBOdV amoteAeGHATIKNG OpopoAdynong, yivovior ce acOppata diktva, Yopic
ovykevtpoTikny douny (MANET), ta omoio €£GAAOL OOTEAOVY Kol TNV KLPLOTEPN
TAQTQOPLLO. Y10 TIC EPAPLOYES TOV KIVNTOV VITOAOYIGHLOV.

Kdabe popd mov cuvovaloviar o ACO pe 10 tpmtokoiro AODV, dnuovpyeital
évag vpLOKOG alyoptOpoc, 0 0moiog YPNCILOTOLEL TPAKTOPES TTOV SLUTPEXOVV TVY LN
70 JiKTVLO Kol KPATOHV TANPOPOPIES Y10 TOVS KOUPOLG OV eMoKEPON KOV TEAELTAIA,
EVIUEPDVOVTOS KATAAANAO TOVG TiVaKeS dpOpoAdYNoNG. Apketol akdpa alyopifpot
&yovv mpotabdei yio ) dpopordynon oe diktvo MANET. [29]

O katoapepiopdg epyasiog otn Kowdtta TV HEMGSOV, iowg Bondcel og mo
AMOTELEGHOTIKEG dlodIKAGIES Yia TIg Prounyavieg pe aivoida cuvappordynone. [30]

O oaAyopiBuog PSO éyer Pper extetapéveg e@oapuoyéc o€ TPOPAN Ut
BeltioTomoinong kot avtoopydvmong, mov apopd ta diktva MANET. Axkoua €xet
Bpet epappoyn kol oty gvepyslakn dtayeipton Tov KOuPov evog diktbov MANET
pe ™ omuovpyio clusters yio g&otkovopnon evépyelag, 06ov a@opd T GLAAOYN
dedopévav and toug aodntipes. [31]

Ta poundt ounvovg (Swarm Robots) eivor €vag kovovpylog topéag, OTov
Bpiokovv gpapuoyn ot adydpifuol «Nonpoovvng Zunvouey. H ypnon tov «Swarm
Robotsy yia 1™ 7paypotomoinon 7TOAM®Y  gpyacidV  TOPOLGLALEL  TOAAG
mheovektnuato. Avtd givol: 1 amAOTNTO GTNV KOTAGKEVT] POUTOTIKOV HOVAO®V, TO
OTL vapyel pikpn mOovoOTNTA AdBovg (LVYNAN TOTOTNTA) KOl OlKOvopkol Adyot
(éxovv HKpO KOGTOG). Tuvaua €vo, CUNVOG POUTOT UTOPEL VO QEPEL €15 TEPOC
TOAVTAOKEG £PYACIES, TOV Elval OVGKOAES, OKOUT KO Y10, TO TOPUOOGLOKO POUTOTIKE,
cvotquata. Mg tv Ponbew tov aAiyopiBuov ¢ PeiticTomoinomng GUNVOLS
copatdiov (PSO) éxet dnuovpyndei LovTéELO Yo TNV AVOKOALYY Kol THV o@LYN
eumodiov. AAlo poviéda swarm robots €yovv emiong mpotabel yioo v avoyn o€
opdluato (fault tolerance) kot v cvvepyatikn avalnmon. [32][33]

Téhog, M epoproyn Tov aAyopiBpov g PEATIGTOMOINGNG GUVOLS COUATIOIMV
(PSO) o¢ opnvn un emavdpopévav evaépiov - UAV (Unmanned Aerial Vehicles)

Kot pn  emavopouévov vroPpoyiov  oynudtov UUV  (Unmanned Underwater
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Vehicles), xvpiog, v guanpétnon oTpaTIOTIKOV GKOTMV. XOV TOPASEYLO VO,
avaeepBel T Exovv dnovpyndel un emavdpopéva vIToPpvyle T 0Tole UTOPOLV
Vo @EPOLV GUUPATIKEG 1] TUPNVIKEG KEQOAEG, TOV TOVG EMTPEMEL VO, TANTTIOVV
O1POPOVG GTOYOVG, OO CUNVI 0EPOCKAPDY UEYPL TOPUOUAACTIEC VTOOOUES KOl
oyVpOUOTIKA Epya. [34]

To «mepifGAAovy TOV €QPAPUOYDV TNG «VONUOCLYNG CUVOLG» givol TOAD
peydro. Ot epappoyéc mov umopel vor €xel €ivor TOAD ONUOVTIKEG KOl QPOPOLV
TOALOVG TopElg avapopds. Ot emotiuoves, BEPata, dev EEPOVV OAEG TIC AETTOUEPELEG
TOV OAMNAETOPAcCE®Y HEGO OTO. OUNVI TOV EVIOU®MV Kol YOPIG OVTEC TIg
TAnpoeopieg dev gival oe BEoN VO KATAGKELAGOLV £VO. OMOKANP®UEVO AOYIGUIKO
OV VO TIG TPOcopol®vel. EmumAéov, m vonpoosvvn ounvovg otepeitol kot LG
YeEVIKNG Bedpnong Tov mpaypdtov Kot yuo. avtd 10 A0yo dgv umopel va epapprootel

o€ TpoPANuaTe IOV amattovy cOVOETH GLALOYIGTIKT. [1]

4. Popmotiké Xpnvog - Swarm Robotics

H poumotikn opunqvovg xatorapupdver pio véa BEon oTov TOpEN TG POUTOTIKC.
O 6pog «ounvog» Poacileronr oy 1010OTTA TOV GLGTNUATOV TOL gRPavilovV
GLAAOYIKT EVELN CLVUTEPIPOPE dOnAadn pio «ovtdtnToy. H embBount couneprpopd
NG «OVTOTNTOC» TPOKVMTEL OO TIS OAANAEMOPACELS TOL VIAPYOLV UETOED TV
AmA®V POUTOT KAODS Kol TOV AAANAEVEPYELDV TOV POUTOT QVTAOV UE TO TEPPAAAOV
tovc. Me autd TOV TPOMO TOL LUKPOTEPO KOl OTAOVCTEPA QLT POUTOT KOTE KVUPLO

AOy0 cvvtoviovv 10 peYaADTEPO GVOTNUA - GUNVOG - ovtotnTa. [35]

Ewova 12: Popmoticd Zunvog
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Ot kup1dtepeg dVVATOTNTES TOV GLOTNUATOV TOL (koD Paciieiov (kKomddio
YOPLOV, UV TOVA®V K.0.) OV EMOIDKETAL VUL EQAPUOGTOVV GE POUTOTIKA GUNVI
glvo:
= H dvvotdtra T0v popmoTikod cunvovg va dpa. avesaptnta and «0opvpox
ov déxeTan omd 1o TMEPPAAAOV Kol amd To TPOPANUATO TOL pmopel va
TPOKVYOLV GTO LEAT TOV GUIVOUG.

= H duvardémrta Tov POUTOTIKOV GUNVOLS VO TPUYUOTOTOLEl OAANAEVOETEG
KWWIOELS Y10l TV OAOKANP®OT T®V JEPYOUCSLDY TOV.

Eivor a&loonpueimto 0TL 01 €QapOYES TNG POUTOTIKTG GUIVOVS TEIVOLV GUVEXDG
va avEAVOVTOL 0G0 HEAETOVTOL aKOUA Ol SLVOTOTNTEG TNG. Ao TV aglomoinomn tng
ce UeyGAO €VPOG  EPYOCIOV  TOL  OPOPOVV  KOTAOKELES,  €EEPELVNOELS,
napokolovdnoelg, péxpt kol Aentég emepPdoelg oto 1010 10 avlpodmivo copo. H
YPNOM TNG POUTOTIKNG GUNVOLG eivar iomwg M ADoM Yo €QapUOYEG TOL €YOLV v
KOVOLV HE KOTAGTAGELS EKTAKTNG OVAYKNG, OTwG £ivol ylo ETLYEPNGELS, OMOGTOAESG
duocwong kot dtayeipiong kotaotpopmv. Ta poumdt ocunvovg drabétovv peydro
aplBud awenmpov kot eivor apketd gvkivinta omdte UTOPOVV TOYVTEPO KO
guKkoAdTEPQ, VO, EVTOTILOVV dTopa 1 Kot va, £xovv TPOcPacn 6e anposTELNCTES, Vi
Tov AvBpwmo, Teployég mov Ppickoviat 6€ Kivouvo.

H poumotikn ounvovg amoteAel £vov KovotOHO TOREN TOV O100ETEL TOAAEG
aKOUO SLVATOTNTEG KOl LEAETMOVTOL GLVEYMG VEOL TPOTOL XPNONG TOLG KOl UTOpEt

610 HEALOV va Bpebovv moAlol akdun Tpodmot a&lomoinomg Kot BEATIGTOn0INGNS TG,

5. Mn Enavopopéva agpookden UAV (Unmanned Aircraft Vehicles)

Ta pn emavopopéva evaéplo oynuota givor aepookden to omoio givo
GYEOWGUEVO DGTE VO AEITOVPYOVV OWTOVOUO, ONAAOT XWPIG TNV QULGIKY TOPOVGio
yepotov. H avtévoun «kabBodnynom tov okdapovg mpoimobéter N ypnon
€EE1OKEVLEVOD AOYIGHIKOD TO OTTO10 EAEYYEL TO GYEJIO MTNONG, CUVEPYAGIN LLE TOVG
«onboardy» aiweOntrpeg ko to GPS. [36]

Av Kot amotehel Eva d100EO0UEVO TEYVOLOYIKO ETITELVYHO TOL TOPOVTOG, TO. UN

EMOVOPMOUEVE, OEPOCKAPT EXOVV LOKPE TOAEUIKT EPOPLOYT], OPOD O1 EMLYEPNOIUKES
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SVVATOTNTES TOVG Y10 TOAEUKOVS GKOTTOVG £X0VV OVOYVOPIGTEL £0(M KO TOPA TOAAA

YPOVIOL.

5.1 Ietopiki] Avadpopun

H #mpom xotayeypoppévn yxpnon €vog Un  EMOVOPOUEVOL  0EPOCKAPOVG
ypovoroyeitan otic 22 Avyovotov 1849 dtav ot Avatplakol emtédnkav otnv mOAN
g Bevetiog pe pn emoavopouéva aepodoTOTO QOPTOUEVO UE EKPNKTIKA. Ta

agpootato Eekivnoay and To avotplokd thoio Vulcano.

Bosflapauponna ¢ aspecimatine. ~Bostuuone mopnean (. C. Kocrmosena

Ewova 13: Enifeon pe ypnon umorovidv

Av kol pepikd amd avtd koatdeepay kot mETvyay vo Bopfapdicovyv v wOAN NG
Bevetiag, ev 1o0t01g T TEPIOGOHTEPA TAPOACVLPONKAY OO pio EaPViKN aAloyn TOL
QVELLOV KOl ETEGTPEYOV TOM GTIC AVOTPLOKEG Ypappés [37].

levikd, to aegpodotata Oev omotélecav péyxpt onuepo pio agdomot, pio
emavopouéVn TAaTEOpUa, avtibBeta ta agpookaen otadepdv TTEPLYIOY AOY®D TMOV
eMOOGEDY TOVG OGO Kot TNG dVVATOTNTAS TOVS Yo €EEMEN amotedovv pio otobepn
Aon. To mpdTO OVOCTIKO UM EMAVOPOUEVO AEPOCKAPOG dnpovpynOnke oTov
npwto IMaykdouio [MoOAepo kot eivan yvootd wg Ruston Proctor Aerial Target.
XPNOWOTOOVCE TIG TPMIUES TEYVIKEG padlokatevBuvong tov A.M. Low. H xvpu

amooTOAN Katadiwén twv gxfpwodv Zeppelin. Alyo apydtepo pio Pedtiopévn
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€K600T YVOOTN KOl MG WTAUEVN TOPTIAN €KAVE TNV EUEAVION NG EYOVTOG
EVOMUUTOGEL VEEG TEYVOLOYIEC OTIMC M| XPNON YVPOSKOTIOL. [38]

Me v avokdloyn KoatdAAnAov QoToypapikdv pnxovov (to 1898), ta un
EMOVOPOUEVE  OEPOCKAPT  ypnoomomOnkay Yy OTPOUTIOTIKEG — OTOGTOAEG
AVOYVOPIGEDV AVTITOA®V 6TOXOV Kol 6TpateLHdToV [39].

O Charles F. Kettering katackevace 1o 1917 10 Bug Kettering, éva un
EMOVOPOUEVO AEPOCKAPOS Yo TOV apeptkdviko otpatd. lotopikd otoryeio Exouvv
KATOYPAYEL MG, Ui dOKIHAGTIKY TTNor tov  anétvuye. H opdda £ddpove kabag
Eyayve Vv meployn O6mov voule Ot lye mMEGEL, GLVAVINGE PEPIKOVS YPOTEG TOL
avaEEPONKAY GE 0EPOTOPIKO SVGTUYNUO - AALA dev pmopovoay va fpovy Tov TAOTO
[40].

Ewéva 14: Mn enavdpouévo agpookdpog - Bug Kettering

(A’ Ioykdopog TOAELLOG)

O Reginald Dennny ftov o dnuiovpydg Tov pn enavop®UEVOL 0EPOSKAPOVS TOV
AmOTEAECE Kol TNV TPpMOTN oamdmelpa ueyding palikng mopaywyns. O Reginald
Dennny vmpétnoe, kotd m ddpketa tov A’ Iaykoopiov IToAépov, oto Ppetavikd
Bactukd copa. Metd tov nohepo (mepinov 1o 1930) petavdotevoe otigc Hvopéveg
[MoMteieg Apepikig 0mov aoyoANOnKe evepyd LE TNV KOTOOKELT OEPOUOVTEL®V Ko

Kupimg PN eTavopoUEVOV oKaQ®OV. Alyo apyodTepa, e TV EVEPYO GUUUETOYN TKOVAOV
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OGULVEPYOTMV, 1 TPOT eToupeion un emavopopuévov aepookapnv «Reginald Dennny
Industries» fitav yeyovog . Me 1o d0ypa 6Tt To. YapunAiod k6etovg aepookaen R/C Oa
elvol KOTOAANAQL yloo TNV €KTOOELON OTO. OVTINEPOTOPIKA, S YPpOVID. apyOoTEPO.
TAPoOLGIiOcE OTOV GTPOTO TNG AUEPIKNG £val TPOTOTLTO UN  EMOVOPOUEVOL
aepookdeovg.  Xtn ovvéxeln 101940 n etapeion GLUPDOVNCE LE TOV AUEPIKAVIKO
OTPATO TNV KOTOCKEVT TOL UT| EMAVOPMOUEVOD ALEPOGKAPOVS TO OToio THPE TO Gvoua
Radioplain OQ-2. Katd 1t d&udpkein tov B’ Tlaykoopiov moAéuov eiyav

Kataokevaotel tepimov 15.000 drones.

Ewéva 15: Mn enavdpouévo agpookdpoc - Radioplain OQ-2
(B” Iaykdomog moAe0G)

Metd to B' TTaykoopo IToAepo n yprion t@v pn €mvOPOUEVOV 0EPOCKAPDY
NTav apyka 7y mopokoAovdnon otoyov. Opmg Ady® NG EVOOUATOONG TNG
teyvoloyiag, otn Oekaetio tov ’50, ypnowomomONKaV OPKETH GE OTOGTOAEC
avayvopione. H emrvyio tov amootohdv tovg ftav tepdoTio, Kupiog KaTd TNV
dugpkel Tov Yoypov morépov. ['eyovog mov dev mépace oamapatnpnto omnd TNV
EMOTNUOVIKNG KOowotnta, m omoia Eexivinoe v aviamtuén  €QopUoy®v  yio
£PELVNTIKOVG oKOomoVG. [41]

H NASA 1 dekaetio Tov 1990 avéntvée to npoypappo ERAST (Environmental
Research Aircraft and Sensor Technology). O npwtapyikdg ot6y0g g ERAST egivon
Vo ovomTOEEL KOl VO, UETOQEPEL TPONYUEVY] TEXVOAOYI G©€ Mo ovOdVOUEV

OUEPIKAVIKY] Plopmyovio Un eTOVOPOUEVOV OEPOCKAP®Y Kol VO OEEAYEL TTNGELS

Tehida | 49



Z NANEMIZTHMIO AYTIKHI ATTIKHX

> XOAH MHXANIKQON

TMHMA MHXANIKOQON BIOMHXANIKHX XXEAIAXHX KAl MNAPAIrQrH:x

AVTAOV TOV TEYVOAOYIDV GE EAEYXOUEVO TEPIPAALOV Y10, VO ETKVPMOCEL TV IKOVOTNTO
TOV UN ETOVOPOUEVOV OEPOCKAPDY VO TETAEOVLV  EMYEPNCIOKES OTOGTOAES
emomune. Mo mopdAAnin mpoomdbeir ¢ ERAST eivan m avémrtoén, n
UIKPOYpOPio. KOt 1| EVOOUATOOT E0IKOV et pov Kol E0TAICUOD OMEIKOVIONG
vy UAV. Ot 616y01 TOV TPOYpapUpatog ival 1 Snpovpyic 0epOcKAPOY GLUPATMV
HE TO TEPIPAAAOV LE ETOVACTATIKES OVVATOTNTES YO TPOTOPOVY EMIMESQ OMAS00TG
Kol aoc@dAelag. Ot otoyol g ERAST gvBuypappilovral eniong pe tovg otdyouvg g
NASA vy v enéktacn NG EMOTNUOVIKNG YVOONS TOL YNIVOU GULGTNUOTOSG
YPNOOTOIOVTAG HOVAdIKES duvatdtnteg ¢ NASA amd T0 TAEOVEKTNHO TOV

YDHPOL, TOV OEPOCKAPDV KOL TOV EXTOTIOV TAATQOPUDV [42].

5.2 Katnyopromoinen pun eravépopivov agpookapdv (UAV)

Ta pn emavopopéva aepookdaen (UAV) umopodv va katnyoptomombovv pe
dapopovg tpomovg. Ot dvo mo Pacikég katnyopieg sivor pe otabepég TTEPLYEG,
OmMG TO AEPOTAGVA Kot pe EMKES Ommg ta eMkontepa. o Tov mposdlopiopd tov
ap1Bpod Twv KvntRpov 1 eAikov ypnooroteitor o 6pog Multicopter i Multirotor
ko droywpilovron oe Quadcopter (ue 4 éhkeg), Hexacopter, Octacopter kAm.[43]

Souemvo pe To véo vopo ta drones ywpilovtar o€ tpelg kKotnyopieg [44]:

Amnarteitou:
- 0 xePLoTNG va Exel amevbeiog ontikn emaen pe to drone
- TO UM enavOp®UEVO va. glvar puéypt 25 KIAd
Avoym
- Mo va deEdyeTon o€ andotact pKpoTep twv S00
KaTnyopio
HETP@V OO TO YEPIOTNA
- TO HeYOADTEPO EMTPETOUEVO VYOG TNG TTNOMG Vol Elval péypt

ta 400 oo

Amateitou:
Ewducn) - adswn TINTIKNG Aertovpyiag, 1 omoia yopnyeitanr OGOV 0
Katnyopia EVOLPEPOUEVOG TTPOCKOUIGEL GYESL0 AE10AOYNONG KIVOUV®DV

acQoAeiag, eyyepidlo TTNTIKNG AetTovpyiog Kot
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acPOAGTAPLO GVUPOALO.
- gyypaon o€ KO UNTPOO
- e£0o@AAoN E0IKNG AOELOGC LEGM TNG TANPOUNG ToPOBOAOV.

- ao@aAoTiplo cVUPOAato

IIotomompévn

Katnyopio

Amnatteitou:

- 0 YEPLOTNG AVTAG TNG Katnyopiag Ba mpémel va dtabétet
€101KN exmaidogvon

- 1 VINOAOYNOT TOL OEPOCKAPOVS GE EOIKO UNTPHDO

- éxdoon moTomomTkol aSlonioiag.

Me Bdomn to péyebog, tn d1dpKeLlo TTHONG KO TO VYOUETPO Ol KATYOPIiES QUTES

ot e€ng [45]:

LASE
Low Altitude,

Short Endurance

Eivat yio yopunAo0 vyopétpou kot Pikpng SLipKeLag TTHoELS. Agv
XPNOLOTO0VV agpodtddpopo amoysimong / mpooyeiwone. To
avorypa TV TEPMOV TOVG lvarl pHiKpOTEPO amd 3 UETPAL EVO TO

Bapog Tovg kupaiverol amd 2 £mg S KIAJ.

LALE
Low Altitude,
Long Endurance

Efvor yuo yapmAod vyopétpov kot peydAng StopKeLng mINGELS.
Mmopobv va PHETAPEPOVY POPTIOL OPKETMOV KIADV KOl VO TETOVV

0€ VYOUETPOL LEPIKDV YIAAO®V HETPOV.

MALE
Medium Altitude,

Long Endurance

Eivor yio pérprov vyopétpov ko peydAng oldpkelog TTGELS.
Etvon apxeta peyorvtepa and ta LALE ko pmopodv vo metovv

o€ vYoueTpa KAt tav 9000p.

HALE
High Altitude,

Long Endurance

Eivor yuo peydlov vyopétpov kot peydang olbpkelog nToels.
Eivor to peyoddtepo kot T0 TOALTAOKOTEPO WU EMAVOPOUEVQ
aepooKaEn. Mmopodv vo Tetovv oe peyalo vyouetpa (£mg

20000p.) kou 1 ddpketla mToNG TOVG Vo TaveL Em¢ Tic 30 dpeg.
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5.3 To Nopké IMraicro

2T UEPEC MOG Ol YPNOTEG TV UN ETAVOPOUEVOV  OEPOCKAPDV  EYOVV
moAlomAactactel (AOY® g TPooitng, TAEov, TIUNG) Kot £xel mapatnpnOel adénon
g evaépilag kukrogopiag. 'Etot dnuovpynnke n avéykn va vedpEovy Kavoveg kot
TEPLOPIGHOD OV APOPOVV TIG TWINCELS TOLG MOTE va amopevydel o kivovvog
ATUYNUATOV.

[Moporo mov morroi GvOpwmor pmopel va unv oacBévovtor axope v avéykn
€vOG GLOTNUOTOG TNG EVAEPLAG OLOYEIPIONG Yl TOL U1 EMOVOPOUEVA OEPOCKAPN, O
exkbetikd  avEavopevog oplOudc tovg, emopéves omortel ovotnuo  Universal
Transverse Mercator (UTM) oto dueco péidov. Q¢ ek to0ToL, 1| KLBEPYNON Kot Ot
eMEPNGELS TOUACOVV TOMTIKES OV GyeTilovTal oe dlayelploTiKn dwoyeipton TV
UAV. H NASA «at m Federal Aviation Administration (FAA) tov H.ILA
TapoLGioce pio 10€a Yo TN SLXEIPIoN TOV OEPOTOPIKAOV UETOAPOPADV GE YOUNAO
vyopetpo. Ta Wwtikd UAVS umopovv va metd&ovy Tave amd to KTiplo Kot KOTo
amd TG AEITOVPYIES TOL TANPDOUATOS AEPOCKAPDOV GE TPOACTIOKO KOl TOV OCTIKMOV
TEPLOY MV o€ cLYKpEveg Lmveg. [46] [47].

Me Baon v 18éa g NASA, n Amazon mpoteivel £vo. cOGTNUA dLoXEIPLOTG.

Xopioe Tov evaEPLo ydpo oe (dVeg Kot ametkovifovtat otny gwova, 16.

Integrated Airspace

500ft/152m

400ft/122m

200ft/61m

Ewova 16: Zyedaopog evaépiov (ovav TTHong KPOV U ETOVOPOUEVOV
0LEPOCKAPDV
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PuvOuiotmkeg apyég g Owyelpong TOV ATNCEWV TOV U ETOVOPOUEVOV
aegpookapmv eivar yio otig HILA, n Yanpeoia [Moltwkng Agpomopiog (FAA) ko
omv Evpdmn o Evponaikog Opyoaviopds Acedreiag tg Agporopiag (EASA). Ot
vanpecieg avtég akoAovBov Kovd oyEdo Kot akoAovBovV KOovoLg KAVOVES Yo Vol
pumopovv va puBuilovv pe acedieio TNV Kivnon Tov un EToVOP®UEVOV 0EPOCKAPDV
OTOV OUEPIKOVIKO KOl EVPOTAIKO eVAEPLO YDPO. 'Exovv ompovpyncel cuothpoto
TapoKoAovLONoNg — eMTNPNONG TNG KIVNONG TOV UN ETAVOPOUEVOV 0EPOCKAPDV,
dracporiCovtag 0Tt akorovbeitol to vopkod mAaiclo. [48] [49] Ou yeprotég €xovv
npocPacn oe Pdoeig dedopévev  yoo vo  Katabéoovv oyxéd mong (H
epappoyn Drone Aware - GR eivor éva TANPo@oplokd GOGTNUO TPOYLOTIKOV
xpévov g Ymmpeoiag TloArtikrg Agpomopiag yio TG TINGES XLLGTNUATOV Un-
Enavépopévov Agpookapmv otnv EALGda).[50]

TTiAoTdpw vopipa kai umreUBuva:

Exw poprion TG pmaTapicg xar
TIETAS2 TO DRONE MOY ME FF° @ vl SO 5 S g
AZPANEIA A o pxpn exel e To PAETW
II xaBapd

L xar Scv 1o avepalw more
M mave ams 120 pétpa Oyog

Av mcTaw o drone pou
povo yia yuxaywyia
ot cmTpemopevo® xwipo,
“—, | wixpe 50 pévpa ot ipog
a1 mpog walc
warciBuvon,
Scv amaircival va Exw
a8cia amo v YTTA

wicg Tou

&v METdW MOTE WOXTA A L KaKoKaipia

Sw iy

Tlerdw paxpid and atpodpda, ehikodpdpa,
Ka1 8Azg Tig anayopeupbves meploxic™
éTwg gaivoviar aTny ioTedeAida: dagr.hcaa gr

A‘v WETOW WOTE

ZAE
tw&c QTUXAEITT KAT.)

Etpopar v
BSwrmoTnTa:
Ox pwroypaglcs A
Pivreo mpoodmuv
Xwpic Ty aBaid Toug

Av To drone pou cival |
Paplrepo ant 4 xika

xpualopa «ASpa Xopiorie |
| waicogakoTnd xGAupn® |

Kpatow aopakn cmectaon ka1 Sty merdw wdvw amo avBpdimous,
xrnpaa, cutoxiwra, kakidia, xepaleg ko févn iSoxmaia .

Av cipar cmayycApariag |

w0 xprovpoTonk drone |
orn Souksia pou

mpénai va cyypaow oty YTTA® |

@ va pdBw nrpwocdTepa |
)

* N meprooaTepeg mAnpogopics cmoxcedeite To www hcoagr

Ymv EALGda 1 Yanpeoia Tloltikng Agpomopiog pe tov GYeTIKd KOVOVIGUO,
kaBopilel TOVg OPOVE TOV TTNCEMV TOV UN ENOVOPOUEVOV agpockaerv oto FIR

Abnvov (YA A/YTIA/21860/1422/30-9-2016, ®EK 3152/B). L& avt] TV LIOLPYIKY
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TMHMA MHXANIKOQON BIOMHXANIKHX XXEAIAXHX KAl MNAPAIrQrH:x

amOPOCT) AVAYPAPOVTOL KOl Ol KUPMOGELS Y10, TIG TEPITTAOCELG TOV OEV TNPOLVTAL Ol

TpoavagepOpevol 0pot. Mo and 11 Pacikég TpoimOOECELS eival 1 VIOYPEMTIKN

ac@alion yio {npieg évavt tpitmv. [51]

e

AI®AANEIA NTHZEQN DRONES - NOMOGELIA ANAA KAI KATANOHTA

O1 kUpieg KATHIOPIEE trou utrapyouv Kai apopouy eiTe Yuyaywyikn €iTe emayyeAparikr xpron eivai :

AO drones péxpi 1 kg. / A1 drones amd 1 kg. éwg 4kg / A2 drones amé 4 kg. £wg 25kg. (To Bdpog apopd auvoAikr pada kard v
amoyeiwon - Yrapye! kai e101Kr Karnyopia Gvw twv 25kg kal agopd ammokAeIoTIKG emayyeApariki xprion) .

Omolodrjmote drone €xel euBEAEIT TNAEXEIPIOHOU Gvw Twv 50 PETPWV Eival UTTOXPEWTIKG Va EYYPAPET OTO EIBIKG NAEKTPOVIKG
pnrpwo TG YMA. (Oa mpémei va auvdeBeire oro site Tng YMA www.ypa.gr, va marioere mavw Oeéid mou ypapel EMHEA kai va akoAourioere
Ti¢ 00nyies. Me Toug kwdikoUs oag armo To taxinet 8a ouvdeBeire kai 6a 10 SNAWOETE ).

EvnueplveaTe mavra mpiv amé kGBe mrion yia Ty mepioxr} mou BEAETE va TETAEETE, yia TOUG TIEPIOPITHOUG KAl TIG TIPOEIBOTIOINTEIS TwY APXWV
a6 mv emionun eapuoyn g YIMA Drone Aware - GR (DAGR) dagr.hcaa.gr , xpnaipomoiwvrag 10 manual TTou UTIGpyE! yia va KaTavorioeTe
Kal va gioTe o€ Béon va «diaBaleten v epappoyr.

ATo@UyeTe EQappOyEG, 10T0aENIdEG K.a. TpiTwv ekTOS TG YIMA (DAGR-dagrhcaa.gr) Tiou agopouv Tig Tapamavw TepIoxES yia v EAAGSa,

KkaBug dev eival ol emionpeg Tou IoxLouv oTov EAMadIKO xwpo.

AAEIA XEIPIZTH dev xpeiaderai yia Tig katnyopieg A0 kai A1 6rav autég agopoly wuxaywyIki Xpnon, Evw amapaimn ivai yia v
Karnyopia A2 aoy£Twg av TTPOKEITal yia yuxaywyikn xpron.

AAEIA XEIPIZTH eival amapaitnmn yia 6Aeg TIS Katnyopieg TTou agopolv erayyeApariki xpnon . AnAadn yia 1ig kamnyopieg A0, A1,A2.

AAEIA XEIPIZTH pmopei KATT010G va aTTOKTAOE! PETG QO EMITUXNUEVES ECETATEIS, BEWPNTIKEG KAl TIPAKTIKEG OE OXOAEG AVAYVWPIOHEVES
amd v YA apkei va eivar dvw Twv 18 eTwv (mpog 1o mapwv dev Asiroupyei kamoia axoAr arv EAGSa, omore n n karoxn Gdeiag xeipioTou.

O¢ev amoreAei avaataATiké mapdyovra yia mrijon drone).

Eidik6 Trruyio yAwooopdBeiag AyyAikwy xpeialeral MONO yia 1ig emayyeAparikég karnyopieg kai agopd drones avw Twv 25 kg.

01 mepiopiopoi (no fly zones) 10xouv yia OAOYZ 600ug ekteAoUv TITN drone, €iTe yia Wuxaywyikn 1} EmayyeApariki XpRon akopa Kai yia Trmaon
e uPEAeIa pIkpOTEPN TWV 50 PETPWY T TO ONpEio aToyeiwang.

IXEAIO NTHEHE dev amareital yia TTAon O akTiva MIKPOTEPN Twv 50 PETPWY T TOV XEIPIOTH AVEEAPTATOU XPNONG. (EKTOS Kal av UTTdpxel
mEPIOPIoOS no fly zone omoTe Kai amayopeUeTal yevika n TITHon Kai pjovov Karomiv ddelag amo 1v YITA Lmopeite va Teraéere).

IXEAIO NTHEHZ eival uTroxpewrikd va karareBei 6rav pokeiTal va utiapger mian o€ akTiva peyaAiTepn Twv 50 péTpwy amod Tov XeIpIoTH,
ave€apTrTou av TPOKETaI yia WuxaywyIkn f emayyeAuaTiki xprion péoa amo Tnv nAektpovikn epappoyn g YMA (oxédio mriong mopeite
va umroBaAAerar atnv epappoyri dagr.hcaa.gr apoU mpwra QuaIKG SnAWOETE - KaraxwproeTe To drone 0ag, oUp@wWva e v dladikaaia mou
QVaQEPOUNE TTaPaTTAVW)
Na BAEmeTe TavTa TIg TIEPIOXES TTEPIOPIOHOU (no fly Zones) kB 101 YAUTWVETE XpOVo Kal KOTIO a@ol EEPETE EK TWV TTPOTEPWV
edv Ba eykpiBei Eva oxédio mong n Oxi 1 Ba xpeiaoTei £idikn Gdela o€ TepiTrwon TrTong eviog no fly zone.

Eﬁum

17) ArayopeueTai n TITHON OE

m

Merape MONO kard Ty didpkeia TG agpotopikig npépag (avaroAr - 30 Aemrd, 6uon +30 Aemrrd)

@) kal MANTA o€ KAAEG KaIPIKEG GUVBIKES TIOU va EMITPETIOUV TNV ao@aAr} Xprion Tou drone TIPOKEIPEVOU
va pnv Béooupe o€ Kivduvo epdg , Tov ouvavBpwro pag ahAd kai 1o idio 1o drone.

Mavra wpiv amoé kaBe Trion @povifoupe va EXOUPE YEPATES TIG PTTaTapieg Tou drone Kal Tou
TNAEXEIPIOHOU KaBWG Kal va Kavoupe oXoAaoTIko EAeyX0 Tou , TTavia Bacn eyxelpIdiou KATAOKEUAOTH
Aiatnpolpe MANTA apeon oTrTiki ETa@R HE 10 drone TIPOKEILEVOU Va PTIOPOUpE

Va QvTaTTokPIBoULE PE aTTaITOUPEVOUS XEIPITHOUG Yia dlaywpITHO Kal aTroQuyr) GUYKPOUOEWY.

UWOPETPO EYTAUTEPO TWV
120 pétpwy (400 Todwv) amé 1o
onyeio amoyeiwong-avayAugo
ToU £3agoug kai 500 pErpwy o€
amoaTacn amé Tov XEIPIOTH.
(Mmopei va do6ei ddeia yia
umépPaan Twv opiwy pEra amoé
OXETIKO aitnua oty YITA)

ATtrayopeUeTal N ITION

TIAVW ATTO OUYKEVIPWOEIG
TIPOTWTTWV YIa OAEG TIG
KATnyopieg Tou agopolv
uxaywyikn xpion. Emrpé-
TIETAI Y10 OAEG TIC KATNYOPIES
emayyeAparikig xpfiong
Karomv e181KAg Adelag amo Ty
< . YNAevw amarreital
pnxaviouog

( m\ ao@aAeiag
(aAeéimrwro KTA).

: .: 24) NA EXETE NTHTIKH NAIAEIA -Mnv 6éreTe ot kivBuvo Toug yipw oag kai 1o ibio To drone !! ZeBaoTeire Ta mpogwmikd

H ag@aAion évavti TpiTwy Eivar UTTOXPEWTIKN yia TIG emayyeApaTikég katnyopies A0,A1,A2 kabwg

Kal yia Tig EI81KES kamnyopieg avw Twv 25 kg. H acpaAion Sev eival UTTOXPEWTIKI yia TIG KaTnyopieg

A0 kai A1 61av auTéG APOPOUV YPUXAYWYIKY , EVW Eival UTIOXPEWTIKN yia TV A2 yia yuxaywyikr xpron

Ma emayyeApariki xpnon (epmopikr experaAeuon ZunEA) amaiteital epmopiki adeia

kai karaBoAn mapaBoAwv oty YMA (ra mood ra éyoupe avakoivwoer otnv 10TooeAida pag hellasdrones.com)

A1l

——50m ——

19) ArayopeUeral n TITAON OE ATOOTACT
HIKpOTEPN TWV 8 YAW. aTT6 aEPodPOpIa KaBwg
Kai Anaiov EIBIKWY TTEPIOKWV
(oTparémeda, QUAAKES KTA ).
ZuppouAeuéaTe Tava TpIv
‘8 kmmm,’ OO KGBE TITAON TV EQApLOYH
S~=-=="" ¢ YNA Drone Aware -GR yia
Toug TeplopigpoUg-limitations nAadr no fly

Zones Kal TIg TIpOEIdOTIoINOEIG (Wamnings)

Atrayopeleral n TTAON OE aWOOTACT
HIKpOTEPN TWV 50 PETPWY AT TPOoWTTA.
(Apopd OAES TIC KaTnyopiES yia Wuxaywyikr N
Xprion kaBs kai 0Aeg Ti¢ emayyeAuankés \‘
EKTOG KaI Qv UTTGPXEl Kara- \ ;

Xxwpnon oty emayyeAua-
TIKI} Gela xeipioToU

TTOU VA TO ETITPETEI)

21) NA OYMAZTE MANTA
va TIETATE KaTd TéT010

TPOTIO TTOU Va PNV dnpioupyei
KIVBOVOUG yial TOUG auvavepi-
Toug oag, GAAa oxrpara,
€AIKOTITEPD, AEPOTKAPN

1) TTEPIOUTIES TPITWV.

Loa

Eival rapavopo mpo@aai{opevol yuyaywyiki xprion va merdre

€Tl Xpnuarikr apoiBr edv dev ioTe dnAwpévol oav emayyeAparieg kai

Kata ouvEmela va ExeTe kal adeia xepiaToU. Mn cuppopewan emoUpe!

Tipa. Omolog BéAe1 va Trerdel emmi apoiBiig mpémer va dnAwBei emayyeApariag
(e@opia kTA) , va aTToKTAOEI GBEID XEIPIOTOU KaI va TTANPWOE! Ta QVTIOTOIX
mapaBoha oty YMA . ZEBAZIMOZ LTOYZ EMATTEAMATIEZ mou {oUve amd auto.

©

Kai pnv piv

€iTE ) QuTOYpPaQilETe PO Xwpig va 1o yvwpilouy, eival moiviké adiknua.

ARATOPEYETAI H ANARKMOZIEYEH TOY NAPONTOE ME KAGE NEZD XAPIE TH RPORTOYMENH EITPAOH ALEIA THE EOHMEPIAAL HELLAS DRONES news - To nagdv v anoredei cnionpo éyypae g YAA ki ovi ndon oriypd ymopei va 0dai€er i va candonorei pe véa moncsin
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Ewoéva 17: H vopoBesio cuykevipotikd
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5.4 E@appoyn TV pu1 enavopmpivev AEPOCKIPAV 6€ KATUOTACELS EKTUKTIG
avVAYKNG

To un emavopouéva aepooKaPn OmTOOEIKVOOVTIOL TOAVSVVAUN EPYOAEID OF
TEPUTAOGELS EKTOKTNG avaykns. H tayeia yaptoypdenon kot amotipnon tov (nuuomv
oonyel TIC EMYEPNOELS EPELVOC Kol OOM®ONG Vo OVTOTOKPlOoUV  TayOTEPQL.
Kotaotpogéc 0nmg mupkayléc, d1oppoég EMKIVOLVOY DAMK®V, TUPIVIKA OTUYN AT
K.o.  ovietomilovtol  TOAD MO OMOTEAECUOTIKA KOl  Kupiog yopis va
pryoktvovvevovy avlipomves (még. Ta un eravopmuéva aepocKaet, SNUIOVPYDOVTOG
éva evaéplo H1KTLO TANPOPOPING UTOPOVY VO LETAIMGOLY OEG0UEVO OKOLLOL KOl GTNV

TEPIMTOGT TOV O1 TNAEMKOVMVIEG £XOVV KATAGTPUPEL OAOKANPOTIKA.

5.4.1 Apeon Xaptoypagnon

O dvompodoiteg meployés eivar oyedov advvatov vo yoptoypaenbovyv cwotd
Yopic evaépia vwofondnor. Lty TpoyUaTIKOTNTO TO, KOWE 0EPOCKAPT O UTOPOVV
Vo TANGLAcGOoVY TNV TANYEIGO TEPLOYN O TOAD KOVTIVI] OOGTACT| LLE OMOTEAEGLOTA 1)
TANPoeOpNoN v UnVv givor vieAdg avtikeltevikn]. Ta un eravopopéva aeposKaen
AMOy® gveMéiog kot peyéBovg PmopodV v OTOTUTDOCOVY YPNYOPOTEPD TOV TANYEVTQ
YOPO KOl VO dNUIOLPYNoOLV YXapTeEG LYNMANG avdAvong. Mdiiota n kovodpyla
xopToypdonon (LETE TNV KOTAGTPOPY)) OTIC TEPLCCOTEPES MEPUTTAOGELS JLOPEPEL GE
oxéon Le oG TG TEPLOd0L TPy TV Katastpopr|. H a&loddynon tov peyéboug g
KataoTpoPng yivetar tayVvtata kabmg 1 yoptoypdenon yivetor ce TPOYHOTIKO
ypovo. 'Etol 1 andkpion yua tov mepropiopd g Inudg eivon dueon. Me v ypnon
TOV U ETOVOPOUEVOV OEPOCKAPAOV UTOPElL v yivel ypnyopotepa 1 €VPECH
Bértiomng dwdpoung mpdcPacng yio moapoyn Pondelag kot 0pecn ACEAAEGTEPNG
TEPLOYNG YO TNV LTOGTNPIEN TOV TANYEVTIOV. LTV GUVEXELD 1] XAPTOYPAONOT OLTH
umopel vo ypnotporon el ko yio TNV EKTIUNGMN TOL XPOVOL KOt TOL KOGTOVS Yo TNV
OTOKATAGTAOT) TNG TEPLOYNG.

‘Eva mapddetypa g emtoyiog g QUECNG XOPTOYPAPNONG LE UM ETOVOIPOUEVHL
aepookden givail n xprion tovg Tov NoéuPpto tov 2013 otig Pumnniveg. O Tvepdvog

pe v ovopacio «oAdvioy EnAnge v meproyn apnvovtag ticw 6.300 vexpoic Kot
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exatoppopla doteyovg. H etaupeion Danoffice 61é0eoe pun emavopopéva agpookden
TOL OTOl0L YOPTOYPAPNCOV GUESH TNV TANYEIGH TTEPLOYN KOt £TGL TPOGIOPIGTKAY

ToOTOTO 01 EAeVOEPOL dpOpOL Yo TV mapoyn Pondeiog. [52] [53]

5 USAID
Canadii
©

ey 30 Sy TN - Saighe Bt Pus ey ‘aw
FLOOD MITIGATION IN RAVINE MILLET ) e i ivur e @& -
S | S, Goge, SO0

Ewovo 18: Xaptoypaenon pe pn emavopouévo aepookaeog (Pmmivec)

5.4.2"Epegvva kar dtdcwon pe UAV

H taysio yoproypdonon mme minyeicag meployng Kabmg kot 10 evaéplo dikTvo
OV  AVOMTOCGOLV TO U1 ETMAVOPOUEVO, OEPOCKAPN HeTOED TOVG, &lval TOAD
ONUOVTIKN Ol LOVO Yol TNV €KTiUNoM TOV (NUAOV 0AAG aKOUN TEPIGGOTEPO YO VO
evioyOoel TN Olepyacio. TG OVIOAAAYNG TANPOQOPLDOV OVALEGH OTIS OUAOES
dtocwongc. Ot opddes d1dcmong pe ovTd TOV TPOTO UITOPOHV VoL dPAGOLV AUECH. AV O
xPOVOG amOKPIoNG TNG Opadag sivarl péca ota Tpmto 30 Aentd T0 T0600Td eMPBimong
@Ttavel 70 90% . [54]

g mepintmon TePAcTIOG KATOSTPOPNG (CEIGUAC, TVPAOVOG K.0l.) T) CVTOVOUIN TOV
Un ETOVOPOUEVODV aepOcKOQ®V gival kaBoptotikn. O eviomopnds tov Bupdtov mov
elval kGt omd YKpeUoUEVO KTipto yiveton taybtepa Kot [e peyaAvtepn axpifeto.

Ed®d Ba mpémer va emonpovOel n xpnottdTNTO TOV U] ETAVIPOUEVOV AEPOCKAPDYV
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Y. TNV 0GQAAELD TOV GOOTIKOV cuvepyeimv. Ot d1aodoTeG S0VAEHOVY KAT® Omd
TOAD  emikivouveg ovvOnkeg mpokewévov vo  aneykAmPicovv Oopata. Ta un
EMOVOPOUEVE, OEPOCKAPT eEomMopéva Ue TO. KOTAAANAQ epyareia (aoOnTipeg,
Oepurikég khpepec K.o.) puropovv kot evromiCovv v Béom tov Bopdtov ympig va
VIOPYEL ApEST EMAPT LE Kamola actadn doun. [53]

Xopakmplotikd mapddetypo givar o oswopog tov 2013 omv Kiva oty
neprpépeto. Aovoydv. O oeloprdc avtdg peyébovug entd Pabudv g KAMpokog piytep
donoe micm tov 126 vekpolc kol apkeTovg Tpavpaties. Adym Tov dJVOTPOCITOV TG
TEPOYNG  TO OWOTIKO cvvepyeion dev umopovcav vo eméppouvv dupeca. To un
EMOVOPOUEVE  OEPOCKAPT 7OV  ypnowpomomOnkay, efomAopuéva  pe  €101K00G
aiyopiBuovg aviyvevong Bvpdtov kot petddoons €koOvos o€ TPAYUATIKO XPOVO
KoM YOLGAV TIG COGTIKES EMYEIPNGELS LEUDVOVTOS TOV XPOVO OTOKPIGNG GTO GO,

Me ovtd Tov Tpomo cmbnkav dekadeg (méc. [55]

5.4.3 Avappon EMKIVOULVOV VMKOV

Ta pn emavopopéva oepookdaen icmg sivor n pdévn emioyn oe mepimtoon
dppong emKivouvev VAIK®V. Mia T€toov €idovg KaTaoTPoPn 0 AvOpwmog dev
UTOPEL VOL TNV OVTILETOTIGEL EPYOUEVOS OE GUEST ETAPT). XE TEPIMTOOT LAAMOTO TOVL
N Katootpoer O0ev umopel vo meploplotel HOVO oTo Oplol TOV EYKATOOCTAGEMV
(TOpNVIKN KATOGTPOPT) CALL EEATADVETOL, TOTE KIVOLVEVEL KOL TO TTEPPAALOV TNG
eVPUTEPNG TEPLOYNG KOl LAAIOTA o€ eKaTOVTAdES ({omG Kol YIAMAOES) TP YOP® amd
v Popnyovikn gykotdotaon. H axtivoPoAio mov anelevbepdveton 6to mepiPaiiov
amd £va TUPMNVIKO aTOHYNUA, 1) AVTAVAPAEEN YNUK®V 0VC1®V, 01 THaVEG EkpNEELS Kot
ot aotabeig dopég onpiovpyodv €va TOAD emKivouvo TEPPAAAOV YO TO COGTIKA
cuvepyeia. EmumAéov oe avtov Tov €idovg To. ATLYLOTO TO. COCTIKG cuvepyEia, oV
KoL OPOVV EEOTAICUO ATOUIKNG TPOoTaciog, 0 xpdvog Eékbeong Toug oty Tomobecia
™G OppoNg Katl YOP® amd avth €lval TEPLOPIGUEVOS, KaODS eyKupovodv kivovvol
Y10 TV COUATIKT TOVS VYeia Kot TNV idta Tovg v {on.

210 mopnvikd atoynue tov Togpvoumih tov AmpiMo tov 1986 &iyov

ypnoworombet emavopmpéva aepooskden. Ot agpomdpol mov eiyav Pondnocel crov
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epoptopd e nuag Exacov v {on Toug Hetd and Aiyo Kapd, KabmG ekTédnKav
oV padlevepyn axTivofoAic. XT0 TLUPNVIKO ATOYNUO OTNV TOPAYOYIKN HOVAdQ
evépyerog ¢ Povkovoipa tov Mdaptio tov 2011 oty lanwvia, ypnoipwomomdnkay
Un EMOVOPOUEVO OEPOCKAPN YO TNV OTOTOMGT TOL UEYEOOLE TOL TTPOPANUATOC,
€101 YoptoypaenOnke kot a&loAoyndnke n Katdotoon yopic vo pmovv o€ Kivouvo
avOpomiveg {wég. [56]

e mepintwon Prorloytkov Kivduvov Kot TG eTPBoANg Kapovtivag o€ pio meployn,
TO. U1 ETOVOPOUEVE, 0EPOCKAPN €ivor awTd Tor omoia Oa umopovoav va Bondrcovv
OTNV UETOPOPA PUPUAK®OV KOl KOTAAANAOoL €SomMopol yopig va ypelactel va

exktebobv vy dropo (un poivopéva) o Kivovvo. [53]

5.4.4 Oordooieg AloOGEG

Ta un emavopopéva aepockden Exovv ™ duvatdTnTo Vo TPocPEpovy Bonbetlo og
avOpdIToVg oL KvduveLovy ot BGANGCM, KaBME UTOPOLV VO TOVG TPOGEYYIGOLV GE
EAAYIOTO YPOVIKS SACTNLL, LEYPL VAL EpOEL KATTOL10C VO OYOSHDOTIG.

Avtd o un emavopopéva aepockaen SaBETouy 00 EOIKOVS UNYavVIGHOVS Ol 0TT0i0L
puoMg épbovv og emapn pe v Bdhacoo petatpémovial, dpeca, o cmaifo. Emiong eivon
€POOLOCUEVO KOl E OVO adPPoyeg LYMANG EVKPIVELNS KAPEPES KOL OVOUEVETOL VO
xPNoomomBovv Kot yio Ty EnOTTELOT TOV OKTAOV. TO CAOUA VOUOyoo®oT®V ToL A0
Avtleleg €xel MON cvoumepAdPel otV ENOMTELGT TOV OKTMOV TOL U] ETOVOPOUEVOL

agpocKaen. [57]

5.4.5 Aaokég mupKayLEG

Ta un emavopopéva aepookden eival TOAVTIHO EPYOLEl GTNV OVTILETOTION
TV daclK®V mupkaywwv. H aviyvevon, o evtomoudg, m mopatipnon Kot 1
mapakolovdnon yivertor oe mpoaypotikd ypoévo. H xatebBvvon g owtidg, 1
EMTNPNOT NG, 0 EAEYYOG Y10 AVOLOTUPADGELS KAODG Kol 1 TEPIUETPD TNG EAEYYOVTOL
ocuvey®s. Ot (nuiég oto mepIPAAiov amd TIG dACIKES TVPKAYIEG ivol TEPACTIEG TOGO
oe éuPla 660 kot o€ AP VAN. H mpdinyn kot n €yxoipn aviyvevon eivarl {oTkNG

onuociog.
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H amoteleopatiky ovtipetdmon mopkoydg €Soptdtor omd v dueon
EVNUEPMOT OYeTIKA pe v €EEMEN . [TAnpogopieg oyetikd pe T0 oYU Kot 1
Béom Tov PETMOTOV TNG TVPKAYLAS, TOV PLOUS eEAMA®ONG TNG eivar KaBoploTIKEG Kot
peidvouy 1o xpovo kotdoPeonc. Teyvikég Omm¢ omtikég Ko vrépvOpeg KapepPeg
€06.(POVE, TLPOPLAAKLO TAPAKOAOVONONG K.0. GE TOAAEC TEPIMTMGELS OTOOEIKVDOVTOUL
un emapkeils (v mapaderypo v voyta). Ot TupocPECTES TIC TEPIGGOTEPES POPEG
umaivovv o pio mepoyn xopic va yvopilovv v eéMEn ¢ TupKOylaC HE
OTOTEAEGHLO OPEVOC VO UMV YIVETOL GMOTA 1 KOTAGTOAN TNG TLUPKAYLAS OPETEPOV VO
éyovpe Kol amodieleg Coav. Agv givor kol AMyeg ol TEPMTOGELS EYKA®PBIGHLOV
avOpOTOV HEGO GTOV TVPNVO TNG TVPKAYLIG.

Ta emavdpopéva aepockden fonbodv kupiwg onv KATAGPESN KOl GTNV OTTIKN
napokorovOnon. O TAnpogopiec mov pmopei va dOCOVV 16MG Vo tvat ECOUAUEVESG
AOY® TOV TTEPLOPIGUOD TOL OTTIKOV TOLG eSOV, O OPYOVOUEVOS GUVTOVIGUOG TTOV
AmOTEITOL VAUESO OTIC OUddeg TupdaPeong dev umopet vo eivar TApng kabdg ot
anoQAcel; Toipvovtol Bacel EUTEPLOV Kat givor kabapd vrokepevikés. [58]

Ta un emavopopéva agpOCKAPN UTOPOVV VO TEPUOAoVV pia mepoyr], vo
UETAOIO0VV EIKOVEG GE TPOYUATIKO ¥pOVO Kat pe didpopa aicOnpia vo uropodv va
™V aviyvebGOLV TO YPNYOPO, £TGL HEUDVETOL O KOOOPIGTIKOS ¥POVOG YL AUEST
anokpion. Ta tedevtaio ypovia katafdriioviol TpocTadeleg Yoo TNV VITOGTHPIEN TG

TVPOTPOGTAGIAG LLE TN YPNON TNG TEYVOAOYING UE U EMAVIPOUEVA 0EPOTKAQ. [53]

6. To pn emavopmpéva aEPOGKAPT] GTNV VANPEGLA TNS KATASPESNS TVPKAYLAG
Ta pn enavopopéva aepooKaen Onmg idape o mponyovevn evotnta fondovv

oV &ykaipn Olyveoon Kol otV eMBe®Pnon Tov UETOTOL NG mupkoyds. H

OlAPKELDL TTTNONG TOVG, T OMOTEAECUATIKOTNTA TOV 0AyopiBumv cuvepyaciog kot M

axpifela Tov et mMpwv KEvovv To £pY0 TOVE O OITOJOTIKO.

6.1 Arotdmmwon — yoptoypaenon
H pébodog g evaéplag amotummong Tpos@épel oAk TAnpogopia ympov. Ta

un emavopopéva agpookdaen (UAV) curdiéyouy ypriyopa kot pe axpifela eikoveg kot
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ot ovvéxeln emeEepydlovion pe katdAinia Aoywopkd (DJT ground station 4.011,
IMAGINE UAV), 6mov kot kaBopiletar 1060 1 mEPLOyN TOL TPEMEL VO, KAADYOLV Ol
€IKOVEG OGO KOl TO VYOG TNG ANYN auTAOV KOl divouV TNV OAIKN OOTOTMOT HL0G
nepoyns. Emrpémouvv v ANyn dedopévmv oe pikpd ypovikd d14oTne Kot (e HKpo
k60t0¢. [59] H &€ amootdoemg mapokorovOnon kabiotd e0KoAn TV TPOcEyylon
dvoPatwv mepoydv. H google mapéyst vanpeocieg aepopmToypdpions KAVOVTog

xpNon un enavépouévov quadrotors.[60]
6.2 Katnyopics pn emavopopiveov aEPOSKIPAOV TUPKAYLIS

Blimp UAVs

To un eravdpopéva agpookdaen Blimp éxovv tov mo amAd «duvapikd EAeyyom.
Avtd to agpOCKAPN £YOLV YPNOIUOTOOVVTOL KLPIOG GE EPOPUOYES Yo TNV
embempnon peydAwv meploy®V Kot ®¢ KOpPor emkowvmviag HETaED GAA®V un

EMAVOPOUEVOV 0EPOCKOPDV 1) TOV 6TaOp0D £ddpovg. [61]

Ewova 19: Mg enavopopévo agpookdpog Blimp

Fixed-Wing UAVs

Ta un enavdpouévo aegpookaen Fixed-Wing anotehodv tov mAéov KAAGO1KO

TOMO, OEPOMAAVOV 7OV &yovv otobepd mTEPLYIN. ZLUTEPIPEPOVTOL OT®S T
EMOVOPOUEVA AEPOTAAVA. YTAPYOLV apETPNTA GYXE0L PE PAon TV omAOTNTO, TNV
€VOTAOELN, TO OEPOSVVOUIKA YOPOKTNPIOTIKE Yoo TNV EKTEAECT EAMYUAOV Kol TN

peydAn swgpkela Ttons. Avo amd o onpavtikdtepa givor:
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To Predator éyel Ppet epappoyn ce €va mAoT) GUVOLO TOAMTIKOV EQUPULOYDV.
Xpnowonoohvtar Kupimg ylo €mOEDPNON Kol OvayvOPLoN OTOY®V O UEYOAES
TEPLOYES, Y10 UEYOAN OLdpKELDL TTHONG KOL Y10 LETAPOPE VYNAOD MPEALLLOV POPTIOV.

[61]

Ewova 20: Mn gnavopopévo aepookdpog Predator

To Skywalker eivor dwaitepa piKpo, €ro@py, YoOUnAod KOGTOVS GUGTNUA.
Amotedel 100VIKY] TAATEOPUO. Yl IO TPOTOPYIKY] EPELVO GE UN ETMAVOPOUEVOL
agpookden tomov Fixed-Wing xabott mapovoidlel 1diaitepo OpoAd TTNTIKG
YOPOKTNPLOTIKG KoL OXETIKG tKovoTomTikd w@épo goptio. [61]

.
|

Ewoéva 21: Mn enavdpouévo agpookdpog Skywalker

Rotorcraft UAVs

Tao pn emavopouéva agpookdaern Rotorcraft £yovv v wavotta v extedodv
otdoun awdpnon kol Kabetn anoyeiwon/mpooyeiwon. Elval eniong wavikd yo Eva
HEYAAO GUVOAO OTOGTOAMYV Kol W1iTEPA Y10 amoGTOAEG avayvadpions. Ta Rotorcraft

UAVs omotehovv omd 1o TAEOV TOADTAOKO GLGTIUATO. XVYKEKPUEVO OAOL TO
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Rotorcraft UAVs avikouv oty katnyopio twv Underactuated cvuotnudtov Kot yio
avtd dev givarl evotadn. Eivor opog avBektikd otig dtotapayés tov meptBdAlovtog
KO T0pOVGLALOVV SLOPOPETIKE 0EPOSVVOLLKE YapaKTNPIOTIKA. [62]
Eidn rotorcraft UAVs:

1. Helicopter UAVs, cvuotipata mov Topopotdlovv to KAUGIKE EMKOTTEPQL.

2. Quadrotor UAVs, gktehoVV OAEC TIG KIVAGES TOLG OTO TAOIGLO TOV

dwpopetikod  apluod  oTpoedV  pETOED  TEGGAPW®V  GULUUETPIKA

TOMOOETNUEVOV KIVITIPOV.

m‘l A } ry ,’,'.n;»‘l\,‘_\\\\.;\‘ ‘\ VAR

Ewova 22: Helicopter UAVs Ewéva 23: Quadrotor UAVs

VSTOL UAVs

Ta ocvomuota avtd amoTeAOVV ML VEDL TPOGEYYIoT) GTO YMPO TOV UN
enovopopévov cvomudtov. Katdyovtor omnd cvykekpiuéveg oyedidoelg tov B’
[Moykéopov TToAépov yio emavop®pPEVO GUGTHUOTO, EVM TO O0EPOCKAPOS TOL TO.

éxove aitepa yvootd eivar to Boeing V-22 Osprey.

Ewova 24: Mn enoavdpopéva agpookaenVSTOL
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H ovumepipopd mtiong tovg eivar OT®MG TOV EAKOTTEP®V OAAGL KOl TOV
aePOTAAVOV 6TaBEPOV TTTEPLYIMV YAPN, OTOV O10iTEPO GEPPOUNYOVICUO TOVG TOV
TEPIOTPEPEL TOVG POTOPES. Me avTd TOV TPOTO EKUETAAAEDOVTOL TOL TAEOVEKTLLATOL
Kol TV 000 OUTOV KOTNYOPLOV. XTO YOPUKTINPIOTIKE TOLG GLYKOTOAEYOVIOL T
TOYOTNTO, 1| UEYOAN OLGUPKELD TTTHOMG, 1 CTACIUN OLMPNOT), Ol ATOTOUOL EALYHOT Kot

QLOIKG M KAOeT amoyeimon kot Tpocyeimon. [61]

6.3 M£00d60g TomoloYIK®OV pavteRoD

Mio mpocopoimon cuvepyasiog U ETOVOPOUEVOV OEPOCKAPADV E£YIVE HE TN
BonBeta piag opddag quadrotors yio v embedpnon TG TEPETPOV OGS OUGIKNG
mopKaylds. Avamtdccetor aAyoplpog Omov 1M mEPIUETPOG NG TLPKAYIAG €)EL
akoBoplotn popen, kiewotg (lowg kot pun — Kvptng) KOUmOANG Kot Umopel va
eEelooetan pe v Tapodo tov xpovov. H mepipetpog g muproaytdg Oo embewmpnOet
and éva ounvog teccdpmv quadrotors, pe un amokevipmpévo tpdémo. o va yivel
avtd Bo ypnowomombei n pébodog spatial rendezvous (tomoroyikd pavtefov). Me
avt TN péEB0OO Ta PN EMAVOPMUEVO OEPOCKAPT GLVOVIMVTOL Ve dVO Kol KAVOLV
avTOAAOYT] TANPOPOPLOV YO TNV TEPIUETPO TG TLPKAYLHG. 'Etol dnuovpysiton pio
eviaioe  Baon mAnpogopidv ywpic va  ypeldletal KATOW0 KEVIPIKO cHOTNUA

napakorovdnonc.[63]

Rendezvous Point Randezvous Point

\

Ground Station
Ewova 25: Zynuotikn avamopdotacn g Lefddov «Ttpomoroyikdv pavteody
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6.3.1. ALyop1Opog AEYYOV GUIVOVGS 1| ETAVOPOUEVOV UEPOCKIPDV

To TopOKAT® TPOYPOLLL YPOUUEVO 0 YADGGO Tpoypappaticpod matlab eivar
pia mpoocopoimon twv Quadrotor UAV. To mpoypoppa dapdlel 11 £1660800¢ amd
Tov gAeyktn Tov Quadrotor Kot Tig ¥PMOLOTOLEL Vi Va. EAEYYEL TO GVOTNA £TOL DOTE
vo €yel v embount 0éom. Zvykpivovtag Tég ommg vrépPacn (Overshoot),
avodog (Rise) ypovo (time) kot cpdiua (SS error) Bpiokel Tov péco 6po Kot divovran

®G LETUPANTEG OTO TPOYPOLLLLLOL.

ITpocopoimon twv Quadrotor UAV - BSO e Matlab
Quadrotor simulation
% Quadrotor: AscTec Pelican quadrotor UAV
The program here reads the gains of the PD controller of the
quadrotor
% and use them to control the quadrotor for the desired position.
The step % responses start at different instants. Comparison values
(Overshoot, Rise
% time and SS error) are provided for all variables. The program
also reads and
% draws the fitness average and best value given by a search
algorithm (discard

o)

% it if no such thing is used)

o° oo

o\

clc
clear all
close all

global Jtp Ixx Iyy Izz b d 1 m g Kpz Kdz Kpp Kdp Kpt Kdt Kpps Kdps
ZdF PhidF ThetadF PsidF ztime phitime thetatime psitime Zinit
Phiinit Thetainit Psiinit Uone Utwo Uthree Ufour Ez Ep Et Eps

)

% Read the gain values
GainsK = importdata('Gains.mat');
Kpz = GainsK(1l,1); Height P controller

o©

Kdz = GainsK(1,2); % Height D controller
Kpp = GainsK (1, 3); % Roll P controller
Kdp = GainsK(1l,4); % Roll D controller
Kpt = GainsK(1l,5); % Pitch P controller
Kdt = GainsK(l,6); % Pitch D controller
Kpps = GainsK(1,7); % Yaw P controller
Kdps = GainsK(1,8); % Yaw D controller
% % % Best Gains of the controllers

% Kpp = 30

% Kdp = 5

% Kpt = 30

% Kdt = 5

o
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o® o o°

o\°

Kpz
Kdz

Q

o o° o

o\°

Q

Ixx =
Iyy =
Izz =
Jtp =

Q 35 = Q0o

o

)

o

[t, x]

Kpps =
Kdps =

% save gains data
Gains
save ('Gains.mat', 'Gains') % Write the optimal gains in a .mat file

% Quadrotor constants

8
8
1
1

propeller axis

= 54.2*%10" (5-06); % Thrust factor

= 1.1*10"(-6); % Drag factor

= 0.24; % Distance to the center of the Quadrotor
= 1;
= 9.81; % Gravitational acceleration

stepsize = 0.01;
t = 0.00000000000000:stepsize:5.00000000000000; % simulation time
% Initial conditions for the Quadrotor

x0 = [1;
for 1 = 1:12,
x0 = [x0;0]; % Initial position is the origin 0(0,0,0),
linear and angular velocities/accelerations = 0
end

% Initial wvalues

Zinit = 0;

Phiinit = pi/3;

Thetainit = pi/2;

Psiinit = -pi/5;

x0(1) = 3; % Xinit

x0(3) = 4; % Yinit

x0(5) = Zinit; % Zinit

x0(7) = Phiinit; % Phiinit
x0(9) = Thetainit; % Thetainit
x0(11) = Psiinit; % Psiinit

% Desired values
$ Zd = 10*cos(t);
ZdF =
PhidF
ThetadF
PsidF

1

% Solving the differential equation
options

40
12

= [Kpz Kdz Kpp Kdp Kpt Kdt Kpps Kdps];

[}

.1*107(-3); % Quadrotor moment of inertia around X axis

.1*107(=-3); % Quadrotor moment of inertia around Y axis
4.2*10"(-3); % Quadrotor moment of inertia around Z axis
04*10~(-6); % Total rotational moment of inertia around the

°

°

% Mass of the Quadrotor in Kg

0;

pi;

= -pi/2;
2*pi;

= odeset ('OutputFcn', 'odeplot');
ode23s (Equad control read fn, t, x0,options); % this
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function is faster to find the solution
% ODE1l5s, ODE23s, and ODE23tb.

Q

% Desired values
zd = 10;

Phid = pi;
Thetad = -pi/2;
Psid = 2*pi;

o\°

To overcome the error problem:

Warning: Failure at t=9.999897e-001. Unable to meet integration
olerances without

reducing the step size below the smallest value allowed
1.776357e-015) at time t.

We reduce the step size:

options=odeset ('RelTol',1le-10);

[x,y]=0ded5(@fn, [0,1],1,0ptions);

o°

o° —~ o° (t

o°

o°

% Plot the path of the Quadrotor in 3-D
figure (1)

plot3(x(:,2),x(:,4),x(:,6))

title ('Quadrotor Path in 3-D');

grid

% Plot the motion in x, y and z axes

figure (2)

hold on

plot(t,x(:,1), 'bx")

plot(t,x(:,3),'g"")

plot(t,x(:,5),'r.")

hold off

title('Motion in x,y and z axes');

legend ('Motion in x-axis', 'Motion in y-axis', 'Motion in z-axis');

% Plot the motion in Z-axis

figure (3)

% plot(t,zd, 'b-',t,x(:,5),'r--")

hold on

plot(t,zd, 'r-.")

plot(t,x(:,5),'r--", "'LinewWidth',2)

% legend('Desired motion in Z-axis', 'Actual motion in z-axis');
hold off

title('Height response');

xlabel ('seconds') ;

ylabel ('meters');

grid

% Plot angles' response

figure (4)

hold on

plot (t, Phid, 'r',t,x(:,7),"'r-.", 'LineWidth', 2)
plot (t, Thetad, 'g',t,x(:,9),'g--", '"LinewWidth',2)
plot (t,Psid, 'b',t,x(:,11), 'b--", "'LineWidth', 2)
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hold off

legend ('Roll angle in Red', 'Pitch angle in Green', 'Yaw angle in
Blue');

grid

title('Angle response');

xlabel ('seconds') ;

ylabel ('Radians');

% calculate the errors
Z = x(:,5);

Phi = x(:,7);

Theta = x(:,9);

Psi = x(:,11);

Ez = Zd - Z; % find the error in height

Ep Phid - Phi; % find the error in height

Et = Thetad - Theta; % find the error in height
Eps = Psid - Psi; % find the error in height

% Plot the errors
figure (5)
[p g] = size(Ez);
t3 = 0:0.01:5; %
hold on
plot (t3,Ez, 'r")
plot (t3,Ep, 'g")

( b")

(

For exp.3

plot (t3,EtL, "'

plot (t3,Eps, 'k")

hold off

title('Error vectors');

legend('Z error', 'Phi error', 'Theta error', 'Psi error');

o
\
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o

o
o
o
o
o
o

\o

\
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o

riables used to decide the effectiveness of the gains
] = size(Ez);
Calculate the overshoot
ZOvershoot = 50;
ROvershoot = 50;
POvershoot = 50;
YOvershoot = 50;
% Height
if (min(Ez) < 0)
ZOvershoot = abs(min(Ez))*10; % Height overshoot
end
if (min(Ez) > 0)
ZOvershoot = 0; % Height overshoot
end
% Roll
if (min(Ep) < 0)
ROvershoot = abs(min (Ep))*10; % Roll overshoot
end
if (min(Ep) > 0)
ROvershoot = 0; % Height overshoot

O — o
o))
o o
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end
% Pitch
if (min(Et) > 0)
POvershoot = abs(min(-Et))*10; % Pitch overshoot
end
if (min(Et) < 0)

POvershoot = 0; % Height overshoot
end
% Yaw
if (min(Eps) < 0)
YOvershoot = abs (min(Eps))*10; % Yaw overshoot
end
if (min (Eps) > 0)
YOvershoot = 0; % Height overshoot
end
Overshoot = [ZOvershoot ROvershoot POvershoot YOvershoot]
% Calculate the steady-state error
Zess = Ez(a);
Ress = Ep(a);
Pess = Et(a);
Yess = Eps(a);
SSError = [Zess Ress Pess Yess]

o°

Calculate the rise time
Zztr = 10;

Phitr = 10;

Thetatr = 10;

Psitr = 10;

for 1 = 1:a
Ez(i) = 2d - Z(i); % find the error in height
if abs(Ez(i)) < 0.05
Ztr = i*stepsize;
break;
end
end
for 1 = 1:a
Ep(i) = Phid - Phi(i); % find the error in height
if abs(Ep(i)) < 0.05
Phitr = i*stepsize;
break;
end
end
for 1 = 1:a
Et (i) = Thetad - Theta(i); % find the error in height
if abs(Et(i)) < 0.05
Thetatr = i*stepsize;
break;

TeAido | 68




\O AYTy,
\ﬂ,‘\\?‘“\ 4’%
S
A |
< V.
=

/j‘)

v
2
=
T
~M

2XOAH MHXANIKOQN
TMHMA MHXANIKQN BIOMHXANIKHI IXEAIATHI KAl NMAPATQIHX

end

for

end

Ztr

o\
o\

o o©
o o©

o°
o°

x(

-7

Phitr
Thetatr
Psitr

Rise time

along z-axis

end

i l:a

Eps (1) Psid - Psi(i); %

if abs(Eps(i)) < 0.05
Psitr i*stepsize;
break;

end

find the error in height

Ztr - ztime;

Phitr - phitime;
Thetatr - thetatime;
Psitr - psitime;

[Ztr Phitr Thetatr Psitr]

o\
o\

o o©
o o©

o°
o°

% Calculate the controls in order to draw them
Ul = m*(g + Kpz*Ez + Kdz*( -
6)))./(cos(x(:,9)).*cos(x(:,7))): % Total Thrust on the body

U2 = (Kpp*Ep + Kdp*( - x(:,8))); % Roll input
U3 = (Kpt*Et + Kdt*( - x(:,10))); % Pitch input
U4 = (Kpps*Eps + Kdps*( - x(:,12))); % Yawing moment
Ul = real(Ul);
U2 = real (U2);
U3 = real(U3);
U4 = real (U4);
% Bounding the controls
[p g] = size(U2);
for n = 1:p
% Bounding Ul
if Ul(n) > 15.7
Ul(n) = 15.7;
end
if Ul(n) < O
Ul (n) = 0;
end

% Bounding U2

if U2(n) > 1
U2(n) = 1;

end

if U2(n) < -1
U2(n) = -1;
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end

% Bounding U3
if U3(n) > 1

U3(n) = 1;
end

% Bounding U4
if Ud(n) > 1

U4 (n) = 1;
end

end

o)

% Plot the control vector
figure (6)

t2 = 0:0.01:5; % For exp.3
hold on
plot (t2,Ul, 'r
plot (t2,U2,'g
plot (t2,U3, 'b’
plot (t2,U4, "k
hold off
title('Control wvectors');

legend ('Ul Control','U2 Control', 'U3 Control','U4 Control');
grid

% The function used with the program: Quadrotor control
function xdot = quad control fn(t,x)

global Jtp Ixx Iyy Izz b d 1 m g Kpz Kdz Kpp Kdp Kpt Kdt Kpps Kdps
ZdF PhidF ThetadF PsidF ztime phitime thetatime psitime Zinit
Phiinit Thetainit Psiinit Uone Utwo Uthree Ufour Ez Ep Et Eps

% The desired wvalues

% Changes in Z start at t = 3, changes in Phi start at t = 1,
changes in

% Theta start at the origin, and chanfes in Psi start at t= 2
% If you want that all start at the origin simply remove the
conditions

o

% time for change start of each variable
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ztime = 3;
phitime =
thetatime =
psitime = 2;
%$%% HEIGHT %%%
if t < ztime

Zzd = Zinit;
end

if t >= ztime
zd = ZdF;

if t < phitime
Phid = Phiinit;

s}
j=p
[
0,
Il
s}
j=p
[
[OX
5|

if t < thetatime
Thetad = Thetainit;
end

if t >= thetatime
Thetad = ThetadF;

end
0900000000000 0
OO0OO0OOO0OO0OOODOOODOD©O™O
%$%% Psi %%%

if t < psitime
Psid = Psiinit;

end

$5333%5%5%5%5%%%%3%

% Bounding the angles within the -2*pi / 2*pi range
if (x(7)> 2*pi || x(7)< - 2*pi)

x(7) = rem(x(7),2*pi);
end
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% %%%%5%%%5%%%5PD-Z-Control%%%%%%%%%%%%%%%%%
% aluate the Controls
U= 11; % The control vector
U(l) = m*(g + Kpz*(2d - x(5)) + Kdz*( -
x(6)))/ (cos(x(9))*cos(x(7))); % Total Thrust on the body along z-
axis
U(2) = (Kpp* (Phid - x(7)) + Kdp*( - x(8))); % Roll input
U(3) = (Kpt*(Thetad - x(9)) + KAt*( - x(10))); % Pitch input
U(4) = (Kpps* (Psid - x(11)) + Kdps*( - x(12))); % Yawing
moment

A® o0 A° o° o° o° A A® A A° A° A° O° A° o oA° o

o

if (x(9)> 2*pi || x(9)< - 2%*pi)
x(9) = rem(x(9),2*pi);

end

if (x(11)> 2*pi || x(11)< - 2*pi)
x(11l) = rem(x(1ll),2*pi);

end

U = real (U);
[U(1);U(2);U0(3);U(4)1; % The control vector

a
Il

% Bounding the controls
if U(1l) > 15.7

U(l) = 15.7;
end

Uu(l) = 0;
end
for 3 = 2:4
if U(3) > 1
U(3) = 1;
end

end

o)

% Calculation of angular velocities

omegasqr (1) = (1/4*b)*U(l) + (1/2*b*1)*U(3) - (1/4*d)*U(4);
omegasqr (2) (1/4*b)*U (1) - (1/2*b*1)*U(2) + (1/4*d)*U(4);
omegasqr (3) = (1/4*b)*U(1l) - (1/2*b*1)*U(3) - (1/4*d)*U(4);
omegasqr (4) = (1/4*b)*U(1l) + (1/2*b*1)*U(2) + (1/4*d)*U(4);
omegasgr = real (omegasqr) ;

omega (1) = sqgrt (omegasqgr(l));
omega (2) = sqrt (omegasqgr (2));
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omega (3) = sqgrt (omegasqgr (3));
omega (4) = sqgrt (omegasqgr(4));
% Bounding the angular velocities
for §J = 1:4
if omega(j) > 523
omega (j) = 523;
end
if omega(j) < 125
omega (j) = 125;
end
end
omegasqgr (1) (omegasqgr (1)) "2;
omegasdgr (2) = (omegasqgr (2))"2;
omegasqgr (3) = (omegasqgr (3))"2;
omegasdgr (4) = (omegasqgr (4))"2;
% % Bounding the angular velocities
% for j = 1:4
% if omegasqgr(j) > 523
% omegasqr (j) = 523;
% end
% if omegasqgr(j) < 125
% omegasqr (j) = 125;
% end
% end
% Disturbance
Omega = d* (- sqgrt(omegasqgr(l)) + sqgrt (omegasqr(2)) -

o

°

sqrt (omegasqgr (3))

Evaluation of the State space wrt H-frame

xdot (1) = x(2); % Xdot

xdot (2) = (sin(x(11l))*sin(x(7)) +
cos (x(11))*sin(x(9))*cos(x(7)))*(U(1l)/m); % Xdotdot

xdot (3) = x(4); % Ydot

xdot (4) = (-cos(x(1l1l))*sin(x (7)) +
sin(x(11))*sin(x(9)) *cos(x(7)))*(U(1)/m); % Ydotdot

xdot (5) = x(6); % Zdot

xdot (6) - g + (cos(x(9))*cos(x(7)))*(U(1)/m); % Zdotdot

xdot (7) = x(8); % phydot

xdot (8) = ((Iyy — Izz)/Ixx)*x(10)*x(12) - (Jtp/Ixx)*x(10)*Omega
+ (U(2)/Ixx); % pdot = phydotdot

xdot (9) = x(10); % thetadot

xdot (10) = ((Izz - Ixx)/Iyy)*x(8)*x(12) + (Jtp/Iyy)*x(8)*Omega +
(U(3)/Iyy): % gdot = thetadotdot

xdot (11) = x(12); % thetadot

xdot (12) = ((Ixx - Iyy)/Izz)*x(8)*x(10) + (U(4)/Izz); % rdot =
psidotdot
xdot = xdot';

+ sqgrt (omegasqr (4)));

ané tnv IotoceAlda www.mathworks.com [23]
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Ewova 26: Xpovog andkpiong pe 06pufo

[Mopatpodpue 611 0 eleyktg PID eléyyer apketd otabepd to quadrotor oe pia
otabepn Swdpoun. e mepintwon BopvPov o reyyoc pe PID dev elvan katdAAnAog,

YTl T0 GVLGTNHA eV EYEL KOAT OTOKPLOT TOV GUGTILLOTOG.

6.4 E€omhiopndg - Agdopéva — Lvotipata UAVS mopéoPeong
H eayoyq tov mAnpogopidv mov Ba Pondncovv 6tV OVILETOMION NG
mopkayldg yivetow o€ cvvepyacio TG Opdoos £0APOVE Kol TG aVAALONG TV
OOOUEVOV TTOV TTPOEPYOVTOL OO dOPLPOPOVS U ETAVOPMUEVA AEPOCKAPN 1| AL
péoa.
Ta pn emovdpopéva agposkaen mupocPfeong etvar eEomhopéva pe:
v Abdgopa  awoOntAplor  (YupookOTo,  PAPOUETPO,  ETMTAYLVGOUETPO
oV TOpETPO)
v' Kapepeg, GPS
V' AlyopiBpoug yio v TapakoAovinon g eOTIAG, TV AViYVELST] TNG KOl TNV
OVTILETOTION TNG

v' Zvotiuoato GNC
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V' ZUOTAUOTO EVIOMIGUOD, £YKATAGTOONG, Kol EAEYYOV YO TO GUAVY TOV UN
EMOVOPOUEVAOV OLEPOCKAPDOV DGTE VO, KOAVEOEL 660 TO duvaTOv KaADTEPA 1

TEPLOYN TNG TLPKAYLAG
Me ™ BonBeta dopvedpmv N opdda £6dpovs otédvel kot AapuPdvel e1KOVeS e

v uébodo uplink / downlink. [64]

— F Satelite
olNG

Uplink Downlink

Ewove 27: Mébodog uplink / downlink

H ypnowonoinon tov un enavopopéveoy aepocKAPOV GE SUGIKEG TVPKOYIEG

éxet avorvbel otigc Hvopéveg IoMreieg oto Fire Project.[65]

6.5 Ilpocopoimon mapakorovOnong Pwtidg pe opvog UAV

6.5.1 Ilapadoyéc
IMa va yivelr  Tpocopoimon TG TapaKoAoLONGNG TG TEPIUETPOV TNG POTIAG,
TPENEL VO, YIVOUV KATOEG amopaitnTeg VTOBECELS:

o Qcopeitor 6Tt k60 UAV pumopei va ovAAéger 1 va AdPel emapkeig
nAnpoeopiec ®ote va elvar oe Béom va oyedidost kKo vo pvBuicer ™
dwdpoun mmong tov avtdévouo. Etor pmopet va mpocapuodlet ) dadpoun
TTAONG TOV COUUP®VA PE TNV TEPIUETPO TG QOTIES. [ va yiver avtd Oa
TPENEL KAOE e EMAVOPOUEVO 0EPOCKAPOS Va etvar eEomAicpévo pe dékn IR

KOV VO KOTAYPAWEL EIKOVEG KAT® a0 TN Oldpopr| Tov kot pio Kapepo
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VIEPLOP®V YO VO AVIXVEVEL TIC TEPLOYEG TOV EJAPOVS UE TIG VYNAOTEPES
Oepurokpaoies.

o Kdabe un emavopopévo aepookdpog Oswpeitar OtL €yel mEPLOPIGUEVY
euPéreta emucovoviog. Av Ppioketol €KTOG AVTOV TOV VPOLS OeV UTOPEL Va
HETOPOPTMOOEL OedopéVa 610 otafud Paonc. o vo pmopel va emKovmvioel
Kol HE QAL UN ETOVOPOUEVO AEPOCKAPT, B0 TPETEL VO GLVVTTAPYOLY EVTOG
GLYKEKPLUEVOL EVPOVC.

o KdébBe un emavopouévo aepookapog Oempeitor 0Tl €yl MEPLOPICUEVO
kavowo. Emopéveg Ba mpénel va emotpépel cuyvd 6to oTabpud Pdaong yio

v ave@odlaco. [66]

6.5.2 Xpovog amoxprong / Aavlavov Xpovog

H ypnyopn xatactolr] g mupkayids Paciletoar oty dueon evnuépwon OAwv
TOV EUTAEKOUEVOV UE TNV VIdpyovca kataotacn. Eivar avtd mov ovoudleton
EVNUEPMOTN O€ TPOYLOTIKO ¥povo (real time). Ttnv mpaypatikdTo 1 TANPOeOpNoN
Tov otafpov Pdong amd €va pn EMOVOPOUEVO OEPOCKAPOG dgv pUmopel va
npaypoatortombel o mpaypatikd ypovo aArd vmapyel pia kabvotépnon. Eivor to
yeyovdg mov  amoKoAgitow ¢  ypdvoc amdkpiong /  AavOdvav  xpovog.
O ypdévoc onradn mov pecsorofel amd TV oTIYU| TOL EEKIVAEL VO SOVAEVEL Eval
GUGTNUA OV OEYETOL €vo. eEMTEPIKO €PEBIGHO UEYPL TN OTYUN 7oV TO gpébicua
yivetar avtiinmtd ond 10 mePPAAAOV TOV E€KAGTOTE GULGTNUATOS KOl OVGLUCTIK
Eexwvdiel  Aettovpyia Tov.

O ypdvog amdKPIoNG TOV GLYKEKPLUEVOL CLOTNUOTOS optobeteitor amd TV
ottyun mov éva UAV Eekvd tnv mtion Tov omd Tov oTafpd PAcnS Kot apov KOADYEL
oM Vv mepipeTpo ™G mupkoyldg emavéAel otn PBdon tov. O xpovog amdKPIoNg
HETOED TNG GLAAOYNG TOV EIKOVOV Kol TG HETAO0ONG Tovg oto otafud Pdong,
pmopel v YpNOYLELGEL OC PETPO TNG TTOLOTNTOG TOV OAYOPIOUOL TapaKOoAOVONoNG
™G TVPKAYLAG.

Me v g£€MEN tov ¥pdvov o1 TAnpopopieg oto otabud Pacng kadictovion wo

AavBdvovoeg péxpig 6tov @tdoel éva véo UAV yia vo LETAOMCEL TIC TEAELTALES

Yelida | 76



Z NANEMIZTHMIO AYTIKHI ATTIKHX

> XOAH MHXANIKQON

TMHMA MHXANIKOQON BIOMHXANIKHX XXEAIAXHX KAl MNAPAIrQrH:x

TANpoeopieg Tov £xel GLYKEVIPOGEL 'Eotm X o onueio evnuépmong tov otabpov
ko G (X, t) eivar 1 ovvapTnon TOL AVATAPIOTO TNV YPOVIKN OTOKPIGT TOL
ovoTiuatog. ['a o cvykekpuévn BEon X Katd UNKog g TEPIUETPOL TG POTIAG, M
napduetpoc G (X, t) amAdd 6o av&dveton pe to xpovo, puéxpt va. aviikataotadel omo o
dgdopéva mov Aappavovrorl amd aiio UAV.

AV 1 cLYKEKPIUEV TTPOCTADELL TPOGOUOIWONG YPNOYLOTOLEL L0 GTPUTIYIKT
ouvepyasiog mov eloylotomolel v kabvotépnon mov oyetileton e TIG HETPNOELS
TEPETPOV POTIAC OV TapEYovIoL oTov otafud Pdong. Avtd emtvyydvetor pe
glayrotomoinomn tov ypodvov TTong HETAED TV oNUEI®V TS TEPIUETPOL TG POTLAG
Kot Tov oTafpov Pdong kot HEYIGTOTOINGN NG CLYVOTNTOS TOV EVIUEPDCEMV
PETPNONG IOV TOPEYOVTOL 6TO oTafUd Pdon.

Teyvikn eloyiotonoinong ypovov andkpions / AavBdvovoag katdotaong eival
amopaiTnTn Yoo TV OMOTEAEGUATIKY TTOpakoAovONon g mupkaylds, aveSdptnra
oo TO OV TO U1 ETAVOPMUEVO OEPOCKAPT Agttovpyovy cav opdda. Otav Eva UAV
petadidel T mAnpopopieg Tov oto otabud Pdong, €va cLVOIELTIKO TPOPIA
AavBavovoag katdotaong ovvodedel ta dedopéva. O ypdvog avlpeca oTIg

evnuepmoelg Y (X, t) ouvdéetan pe tov ypovo amoxkpione G (X, t) ue tov tomo:
Y (X, t) =[G (X) — (t — tupdate)]
eva v otrypn mov éva UAV gvnuepdvel ) Baon EYovpe:
Y (X, 1) =G (x, 1)
H Béitiom Adon g pelowong tov ypdévov amdxpiong eivar Otav ovtodg
ehayotomoteitoan.  Tote  ovomuo  mopakorovOnong  (Xtobpov  Phong  —
UAYV) Oewpeiton TAPOC EVIILEPDUEVO.

Ot peréteg mov deénydnoov 610 TANIGIO TOL TPOYPAUIATOS TOPAKOAOVONONG

delyvouv 0Tt 0 KOHPLOg GTOYOG Y10 TNV EVNUEP®ON TV OESOUEVAOV €IVl O OYEOAGLOC
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g ovvepyaldpevng mapakorovOnong n omoia sivar oe Béon va petdoel tov ¥pdvo

amoOKPLoNG Yo Kae X Kot vo eviUEP®VEL TOV 6TaBd Baong 660 To cuyva yivetat.

ATH
| 7

Ewova 28: [Tpooil LavBdavovsog katdotaong evog

HOVO N ETOVOPOUEVOD OLEPOCKAPOVC

H eswodva 28 delyver ™ kabBvotépnom mov oyetileton pe v mepipetpo g
QOTIIC OTav &éva Un  EMAVOPOUEVO  0EPOCKAPOS, mov Kiveitar oe&ldoTpoa,
EMOTPEQPEL 6TOV oTafUd Paonc petd amd n dtdvuon O6ANG ¢ mepéTpov. To evpog
aVOUESO OTIS 000 KUKMKEC ypoppués (mayog Odpounc) VIodEKvieL TNV
kaBvotépnon g evnuépwons Tov otabpov Pdong oe ekeivo to onueio. H Bértiom
AavBavouca KOTAGTACT GUVOEETOL LLE TO OEOOUEVA TTOL GLYKEVTPMONKOV 6TV apyn
™G mtNong Kovtd otov otabud Pdonc. Aedopévov 0Tt M KOTAGTOCT TG QOTIAG
HETOOIOETOL HOVO POV TO UM EMAVOIPOUEVO OEPOCKAPOG Ol00yicEL OAOKANPN TNV
epineTpo POTIAG Kot 0Tl TaEWevEL e oTadepn TOLTNTA, TO TPOPIA AovOAvVOLGOC
KatdoTaong (xpovog amdKpiong) ival ol YPOppK) GUVAPTNoN TG ATOCTAGNS TOL

dtavvOnke M(X), n omoia opiletar omd v akdrovdn eicmon:
m(x) =P - xv

omov:
P: elvan ) mepipetpog g mopkarytdg

V: gtvon ) tayvta tov UAV
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O otaBuodg Pdong Aaupdver evnuepmoelg povo tOGo ypryopa OG0 €va un
EMOVOPOUEVO 0EPOCKAPOG Umopel Vo dlooyicel OAOKANPT TNV TEPIUETPO POTLAC.
Enopévmg, n ocvvolkn AavOdvovcso KatdoTaon mov cvvoetal pe pio dtadpoun

umopel va 600el amd v akdAovdn eEiocmon:
fOP m(x)d(x) = 0.5 P2v

To mpoeih LovBavovsas KaTdoTaong Yo £vo {e0yog LN EMAVOPOUEVOV LEPOCKAPDV
OV SloVVEL U0 KUKAIKY] OTOTIKY QOTIO o€ avtifeteg KatevBivoels, eaivetol otnv

Ewova 29.

BAXH

XHMEIO
YXYNANTHXZHX B

Ewoéva 29: TIpoeid LavOdvovcog katdotoons 600

L1 ETOVOPOUEVOV 0EPOTKAPDY

IMa kaAVTepT Katavonon g cuvolikng kabvotépnong, 1o éva UAV Eekivd yo
Vo EPEVVIGEL TO VM GO TNG TEPETPOL, evd Eva 0evtepo UAV gpeuvd to KAt
pod g mepyétpov. Edv ta UAVS anopokpuvBodv tavtdypova amd tov otadud
Baong kon metoHv pe Vv 1010 TaydTa, 0 pLOUGS evnuépmang (xpOvog amdKPIoNG)
Ba etvon 1d10¢ pe v mepintmon tov evog UAV (vrobétovtag mwg kot to 0vo UAVS
EMOTPEPOLY TOVTOYPOVO GTOV 1010 otafud Pdomng), aAld n kabvotépnon mov

oyetiletan pe TIc TANPOEOpieg Kot 6TIG dVO TAEVPES Tov oTtafod Pdong Ba eivan
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CUUUETPIKY] KOl UEWWUEVN. X& OVTN TNV TEPIMTMOOT, TO TPOPIA AavOdavovcog

KoTdoToong UTopel va ekQpacTel e TIg akOAoVOES eEI0MGELS:

P(x)=xv for 0 < x < P2

m(X) = p —xv

Kol 1] GLVOAKN AavOdvovca katdotaot Oo vroloyiletatl and Tov TOTO :
fOP m(x)d(x) = 0.25 P2v

7oV €lval 1) LUOT) GE GYECN UE AVTY TOL £Y0VUE OTav Yprnoipomotovpot Eva UAV.
[Mopatmpeitor 0tL, 0 pLOUOG pe TOV OMOI0 TPAYUATOTOLEITOL 1] EVIUEPMOOT TNG
Baong Ba avénbel ypoppkd av avénbet o oplBuds Tov Cevydv TV un
EMOVOPOUEVOV  agpookap®v. Avtd odnyel ot peiwon g Aavldavovcog
katdotoone. o peyadvtepn Peitioon AavOdvovcoag katdotaons, to UAV Oa

TpENEL VO KoTovELOVTOL €£IGOV YOPp® atd TNV TEPIUETPO POTIAG. [66]

6.5.3 AToTELéOPOTA TPOGOUOIMOS TVPKAYLAG

EéomAiopnog touv kdbe un emavopopévov aepooka@ovs givor pio. veépudpn
Khpepa, wAion ovaptipo Kot €vog ovTOpatog TAOTOS. [ Tov mEPUETPKO
EVIOTIGUO TNG QOTIAG Ypnolomoteital Kapepa Le ypnon vrepvBpwv dmov yivetat
GOpmOOoN HESH TNG VILEPLOPTG ekOVAG Ko emonpdvetol kabe sucovoototyeio, BERN
1 NOT BERN. Mg 1t ypnion evog ypappkod ta&ivount tagivopovpue oe BERN ko
NOTBERN. Xe oavt) 1 ovykekpipuévn mTPocouoimwot, To HOVIEAD TupPKAyLdg
EMBYR ypnotwonoteitoan yio tn dnpovpyio evog a povrédov g eotidg o Kabe
frua tov ypdvov. Ta oamoteléopota mpocopoimons evdg povadwov UAV mov
dlovoel TV TEPIPETpo TG Tupkayldg eaivovral oty swoéva 30. Eivor oniadn to

GOAALLO EVIOTIGLOV TUPKAYLAS Y10 EVOL LOVO LT ETAVOPMUEVO OLEPOTKAPOG.
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Zpdipo [apakorovbnong

Xpovog

Ewova 30: Tk anewcovion g e£EMENS AavBdvovcag meptodov evog un

EMOVOPOUEVOD 0LEPOGKAPOVS

2 ovvéxeln  yivetor oxeOGHOS NG  YPOUUIKNG  TUNUOTOTOINGNG  OTIg
naykooeg ovvretaypéves tov UAV. EAéyyovionw to mpooPacyio onueio N
OELTEPOMETTOV GTO (GUECO HEAAOV KOl TOPOUETPOTOIEITOL OAO TO OUVOLO, G
cuvapmnon ¢ yoviag mePoTpoPns. Afvetor eviodn yo yovio TEPIGTPOPNS OF
amOGTOCT) TTPOG TNV GKOVTN TAELPE Kol TEPIUETPO TG POTIAS. TomoBeTovvtal ot
yovieg kMong tov avtiluyov TG KAUEPOS HE TETOO TPOTMO (DGTE O YPOUUIKOG
tavoun g va dtonpel v eikdva o€ dVO 1o pEP.

H mopakorodBnon g Teptétpov e eOTIIS Le 0TO TOV TPOTO £lvar 10VIKY|
0Tl pmopel mpaypoatomomBel kot dtav N EOTIA TEPACEL amd AKAPTO GNUElR OGS
TOTAULO, TETPMOEG €00.p0g K.0. EmmAéov, n ootid eéamidveTon mo ypryopa G€
avNEOPIKO £00.Pog Tapd o€ KaTNPopko. Eav to ontikd medio (FOV) e kauepag IR
elvar peyodvtepo amd to keva (Adpveg, OpoOUOl K.0.) OTNV TEPIUETPO QOTIAG, O
aAyopOpog Ba Aettovpynoet pe axpifeta enedn o ypoppikos tagvountg Bo mapéyet
™V KOADTEPT YPOUUKT TPOGOPUOYN OTO. OEOOUEVO TPOCOUOIMONS, To omoia Oa
ToP1alovV G€ U0 YPOUUN HECH TMOV U GUVEXDV TEPLOYDV GTNV TEPIUETPO POTIAG.
H ypappwn ta&wvounon Aewaivel omotehespotikd to pn ovveyopeva opa. H

amoctootn owcparilet 6t ta UAV dev metovv amevbeiog mveo amd ™ QoTid, oA
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TETOVV GE 0. AGQPOAN OTOCTOCT Yo oLTA KAvovtog eAypovs. Télog 1 cvveyng
QMOTELECUATIKOTNTO TNG YPOUKNG TaSvOumong eEac@aAileTor e Tov Unyovicpuo

tov avtilvyiov. [66]

6.5.4 ALyoprOpog mapakorovOnong PoTids pe pun eTavopOUEVE AEPOCKAPT
[TpaypotomomOnkay perétec oe 600 M TPELG AAYOPIOLOVS TKOVOLG VO TOPEXOLV
eldytotn AovOdvouco KaTaoTao Yo T0, GLGTHOTO TOPAKOAOVONGNG TS TUPKOYIAG
pe erdyioto cedipo. I'ia tnv a&loAdynon tov aAyopiBU®V amoTEAEGUOTIKOTNTOC KOl
KaToAANAOTNTOG EMAEXONKE Eva cVuGTNUA Stavoung TupocPeons. [ otabepd pnkog
TEPWETPOV KoL oTafepd aplud pn EMOVOPOUEVOV OEPOCKAPADV, 1 SLUUOPPOOT
elbyiomng AavBdvovcag katdotaons epeoviletar o0tav ta {evyn TOV aEPOCKAPDV
ATADVOVTOL OPOIOLOPPO KOTO UNKOG TNG TEPWETPOL TNG POTIAG KOl TPOS TIS dVO
Kkatevfovoelg (dnAaodn, yuo kabe (evYoc PN EMOVOPOUEVOV OEPOCKAPDV, TO £VO.
katevfivetor de&looTpoPa Kot To GAA0 aplotepdotpopa). Avtd to {evyn un
EMOVOPOUEVOV  agpooKapdv Ba  cvvoavimBoiv kot  Ba  petad®ooLV  TIg
GLYKEVIPOUEVEG TANPOPOPIEG Kot 0TI cLVEXELD KABE aepookdpog Ba oTpagel mpog
Vv katevhuvon Katedbvvorn Yo Vo CUVOVTIAGEL TO YEITOVA TOL TPOG TNV GAAN
katevBuvon. Ilpoxeyévovr vo  OtevkoAvvlel 0  ave@OOGUOS TOLG, TO.  UN
EMAVOPMOUEVO, AEPOCKAPT) LITOPOVV VO OVTAALAGGOVY pOAOVS GE Eva pavtePoV, €Tl
®OoTE O PEAN TNG OUASAG OV £XOVV AyOTEPQ KOOSO VO Elval TANGIECTEPO GTOV

otaduod Baong. [66]

Kotaveunuévoc AryopOpoc

O «Op10g 0TOYOG TOL KATOVEUNUEVOL OAYOPIBLOV ival Vo EmTOYEL TNV EAAYLOTY
AavBdvovca kotdotaon pe €AAYIOTEG VROAOYIOTIKEG Tpoomdbelec. Avtdg o
aAyOplOLOG TPEMEL VO AVTIGTPEPEL OTO00NTOTE UEYEOOC TEPIUETPOVL TLPKAYIAG KO
TPEMEL Vo, avampooapproletol, 6tav T0 UNKOG TG TEPUETPOV N 0 aplOUog Twv (evymdV
TV un enavdopouévov agpookapmv (UAV) mowiliel. Oa mpénel vo oxedlaotel £T01
MOOTE Ol AAAAYEG OTIG TOPAUETPOVG TOV GLGTHIATOG VO, d10d0B0VV Gg OAN TV opdda

TOV U1 ETAVOPOUEVOV AEPOCKAPOV OGO TO duvaTdv ToyvTEpa. Avtd Ba emTpéyet
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OTOV GYEO0GTH TOV OAYOPIOUOL VO OVTIUETOTIGEL TNV EGOYWYN KOl TN Sloypoen|
TOV U1 ETOVOPOUEVOV aEPOSKAP®Y oTNnV opdda. EmumAéov, avtdg o adydpiBuog Oa
EMTPEYEL TNV EMEKTACT KOl GLOTOAN TNG MEPWETpOV NG QoTids. H Poowkn
araitnon sivar kédbe UAV va AdPet ta katdhAnia pétpo mov OBo emtpéyovv ota
yerrovika Cevyn UAV va popactodv v mepitetpo Peta&d Toug, PEATidvVOVTOS TNV
kaBvotépnon. Otav cuvavtdvior dvo UAV, 10 kdbe éva €xet EexdBapn yvdon Tov
unKovg mov poMG tatideye amd tnv mponyovuevn 0éon pavtefov. Emiong to
dBpoilopa avtdv TOV UNKOV pmopei va yopilotel e&icov petald tov UAV, €161 dote
t0 UAV, mov éyet tagidéyel otn LikpoOTEPT amdGTACT|, VO, YOAUPDGEL GTO PHEGO TOV
TUNUOTOS OVTOV KO VO TEPIUEVEL TO YEITOVIKO TOV PEYXPL TNV €TOUEVN popd Ttov Oa

npénel vo cuvavtnfovv ta dvo UAVS. [66]

AlyoprOpog eEicoppomnoenc @optiov

O alyopBpog e&looppdmmong @optiov dadpopatilel onuoviikd poAo oTnv
e€160ppOTNON TOV POPTIOV OTOSTACTG SOPOUNG KATE UKOG TNG TEPLLETPOL TNG
QOTIIC. Méow g pHéTpnong g amdKAIong 6TV andotacn tov Tunpatog Lt kot g
véag omdotaong mpog 1o teMkd onueio, o UAVI umopel va evnmuepocel v
OmOGTACT] KATOGTPOPNG YL Vo €EOVOETEPMGEL TO OPVNTIKO OTOTELECUO TNG
avantuéng oty mepoyn owtn. Emiong n mpooOnkn UAV oty mepiperpo eivon
woodvvaun pe ™ ovlevén TOV TEPYETPIKOV TUNUAT®V TO omoio odnyel og
petaforiidpevo tedd onpeio. Ta teAkd onpeia mov popalovtan éva Cevydpt UAV
glvan o1 eEmtepikol yeitoveg avtav Tov UAV. Avanthcoovtag TV TPpocoUoimsT) TOV
Monte Carlo tapotnpeiton Tmg n avtietoiyion (evyovg @optimv Bo 0dnynoet Teleimg
o€ oMo oVYKAlon. Me v e€icoppomnon tov pnkovg mov powpdletor KO
Cevyog UAV, n oupdoa ¢ odvoro Ba e&omiwbel opowdpopeoa yopo omnd v
TEPIUETPO  TLPKOAYLAG TPOKEWEVOL Vvo.  emtevyfel m  eddylotn  Sopdpemon
AavBdvovcag katdotaons. Edv o adlydpiBuoc pmopet va amoderybel 011 cuykhiver yia
TEYVNTES apyIKES ouvOnkeg pe €vav avBaipeto apBud peddv g opddag, ToOTe 1
gloaymyn / daypagn umopel vo avaAvBel Aapfdvovtog vToyn 1o TPOTOTOMUEVO

oVoTNUO (HETE TIG O1001KAGIEG EIGOYMYNG Kl Soypapns) HE TIG apIKES GLVOTKES
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7ov didovtan amd TNV KATACTOGT TOV TPMTOTVTOL GLGTHLOTOG KATH TNV E1G0YMYY| /
Swypaer]. Kabe UAV mpémetl va epaproceL TIC TOPUKATO ATOITNOELG:

e Almnpnon MG 10opPOTNIEVNG EKTIUNONG TS 0dGTAONG ad TO TEAEVTAIO

pavtefol og kdbe katevHuvon.

o KdéBe UAV popaletan éva tunua pe tov yeitovd tov 0e£106Tpopa Kot Tov

aploTEPO TOV YEITOVA.

o Y& éva onueio pavtefov, to UAV mov €xetl Tagdéyet n ukpdTepT amdGTOo

amd v terevtaio Tov Béon paviefol copupmvel va kabvotepnoel 6To HEGO
TOV KOWOU TUNUOTOG TNV EMOUEVI] GOPA TOL TAPAKOAOLOEL TV mePiteTpo
TPog TNV KatevBvvon avtn (gite de&160TpoPa £ite APIGTEPOGTPOPA)

Edv 10 tehkd onueio tov tuquatog oArdEer efoutiag g avénong g
TEPUETPIKNG TUPKOAYLAS 1] TOV YEITOVIKOV EVEPYELDV, TOTE 1 ATOGTUGT] GLVAVINGTG
npénel va avéndel pe v aAloyn g amOoTaoNS TOL TEAMKOV onueiov. Avti 1
dwdkacio dtotnpet 1o onueio kabvotépnong otny id1a BEon o€ GYEon Le TO PNKOG
TOV TUNUATOG OGS HeTaddONKE KaTA TN S1dpKeELD TOV povTeEPOD.

Xpnowomowwvtog v 7mpocopoimong Monte Carlo amodewvidetoar 611 0
aAyopOpnog e&looppdmnomng PopTiov GLVOLNAEYETOL OTY JUOPO®OT EAAYLOTNG
KkaBvotépnong yio avbaipeteg apyikéc cuvOnkec. [66]

Movtéio Fire EMBYR ypn6ioTol®dvToS TO GUVEPYOTIKO aAyop1lOpo AEyyov:

EmumAéov, poviélo mopokoroOONoNG @OTIAC Kol HOVIEAO TEPLUETPIKNG
napokolovOnong eivar  dwbéoyo Yo v ektipnon TtV TdoE®v otV
Tapakolovdnon eoTIAS Kol TV TapakoAovOnon mepipuétpov. Ot EUTEIPOYVAOUOVESG
mapakolovdnong mupkoyldg €xovv avamtvéer to poviého EMBYR oy v
amoteAESUATIK)  TPOPAEYN  TOL  GUVETOIPICTIKOV  EAEYYOL  TEPLUETPIKNG
TapoKolovOnoNg Kot Tpocopotdsewv mupkaylds. To poviého EMBYR ovclastikd
Oloupel TV mEPLOYN EVOLOPEPOVTOS GE £VOL TAEYLO «KEAIDV», OOV TO KOBEVHL ExEt
OLYKEKPIUEVEG 1010TNTEG (TOTOG PLUAADMOTOG, VLYpOciog) mov emmpedlovv TNV

eEdmimon g PTG,

Yelida | 84



\O AYTy,
N o

§ $ v Z NANEMIZTHMIO AYTIKHI ATTIKHX

'3
s > XOAH MHXANIKQON
TMHMA MHXANIKQN BIOMHXANIKHI IXEAIAXHXI KAl MAPATQrHE

e éva dedopévo ypoviko Prpa, n eotid Bo eEamiwbel and éva kapévo ke, o€
un Kopéva KeEAM cOPQmva e Eva aveEdpTnTo 0TOXAGTIKO YEYOVAS, TO 0moio ivat
GLVAPTNOTN TOV 1O10THTMOV AVTIGTOTY®V KEAMV.

Exteddviag 10 poviého EMBYR moAAég @opéc kot katd péco Opo To
QOTELECA, UTOPEL KOVEIC VO EMTUYEL TIG PEOAICTIKEG TPOGOUOUDGELS TVPKOUYLAG,
Omwg avtn mov TapovotdleTor otnv Ewova 31. Ze avtn v €ikOva, ametkovifeTon 1)
TPOGOUOIWON TLPKAYIAG VIO GLVONKEC VYNAOL OvEUOL HE KAIOT ovOW®OTG.

[Mapatnpeitor 0tL N oOTIA EomAdveTal TPOG TNV KatevBuven tov avéuov. [66]

&

Ewova 31: [Ipocopoimon mopkaydg pe poviého EMBYR

7. Zvpmepdoporta

Amodeyopevol to yeyovog 0Tt ot akyoplipol kuplapyobv oty Kadnpeptvotntd
pog Ko axkohovBmvtog ta PApata e eOomng, £Yve EQIKTI 1N OVATTUEN HUNTIKOV
epapuoyav (PSO, ACO, x.0.) o€ dpactnplOTNTES TOV APOPOVY TNV KAOMUEPIVT oG
Com. Emiong etvan yeyovdg 0tL 1 te)voroyio TNG OMOLOKPUGHEVNC SLOXEIPIONG TOV
OEOPOV  UNYOVIKOV €Qopuoy®dV elvor mAéov avamtuypuévn kol eEedlooetan
ekOeTIKd. & GLVOLAGUO TOV TOPATAV®, 0L AAYOPIOLOL EAEYYOL POUTOTIKOV GUIVOLG
amoTEAOVV PO EPYAAEID GTNV TETLYNUEVN «GVLEVLEN» ATV TV VO LE GTOYO
mv g€epevdvnon kot v g0peon g PEATIGTNG ADONG Yo TNV GUECT OVTILETMMION
KOTOOTAGEDV EKTOKTNG AVAYKNG.

Ta elappld Kor VYNANG evepyelokng amdO0oNG EVOMUATMOUEVO VTOAOYIGTIKA
GLOTHHOTA £XOVV dMGEL TN SLVOTOHTNTA TNG OLUUOPPOCNS EVOS AVATPOPOSOTOVLEVOL
eréyyov, pécm Tov acnmpiov, mdve oto idto to agpooskdpos. Exovtag dpwg, £va
TPAYUOTIKO GUNVOG UN ETAVOPOUEVOV OEPOCKAPOV To Prpata Tov aiyopifupov

BektioTomoinong ouvovg copUATdimV HEOVEKTOOV G oxEoM HE TO PRuoTo OV
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npaypatonoovvion  oe  mepPdAiov  efopoimone. Ta  pnpovikd pépn  evog
aEPOCKAPOVS eV UTOPOHV VO TPAYUOTOTOMGOVY OAOVG TOVG TOUVODS EALYHOVC
OT®MC TO LUKPOOKOTIKA ompato opeintéag pdloc mov €yovpe oe mepiPdAiov
eEopoimong. O pnyoviopdg Kot 1n KVNTIKOTNTO TOV HUNYOVIKGOV HepOV lval pio
TPOKANON Y10 TIC LEAAOVTIKES EPEVVITIKES TPOOTAOELEC.

Qotdéco ta Puato Tov aAyopBpov PeATIOTOMOINGNG CUNVOVS COUOTIOIOV
UTOpovV Vo, EPAPLOCGTOVV GTOV apykd (epoOcov yvmpilovpe Tig apyikég 0Ecelg) Kot
OTOV TEMKO OYNUOTIONO TV agpookapdv. H wavotnta avtod tov aiyopifupov
BeAtiotomoinong, va owayxelpileton peydAo aplOpd pn enavOpOUEVOV OEPOCKAPDV,
kaBhg kot M BEATIOTY €QapUOY TOV, £0TM KOl OTIC OPYIKEG GLVONKES, Hmopel va
elvar KaBoplotiky|] o mepTOGCELS Oldcmong, e&epevvnong k.o. H ypnon tov
aAyopBov PeATioTOMOINGNG GUNVOLS COUATIOIMV GTOV TEMKO GYNUATIGUO TV
0EPOCKOAPDOV UTOPEL VO PEPEL KO EMTAEOV TPOTOVS Yo EE0KOVOUNOT EVEPYELNG KO
avtovopiag. H avtovopio tov agpookaedv eivor avti 1 omoio Bo kabopicel v
amOd0GN TOLG KLPIWG GE TEPMTMGELS dpeons eméuPfacng (VYNANG emKvoLVOTNTOG)
Kot [ €QIKTOV OvEPOOLGHOV. O GUYKEKPUEVOS TOUES YPELALETOL TTEPLOGOTEP
épevval.

Oocov a@opd TV TLPOTPOCTOGIO TMOV OUCAV TPOTEIVETOL EVO TPOYPOLLLLLOL
cuvepyaciog, To omoio Ba ypnoyonotel Evav dptio (Luyod) aplBud un eravopopEveOv
0EPOCKOP®V Yo TNV gloylotomoinon g Aavldvovcag evmuépwong Kot Tng
GLYVOTNTOG TMOV ATULTICEDV EVIULEPOOCTC.

Téhog Ba mpémel va tovicovpe M y¥PNON TOV U ETOVOPOUEVOV OEPOCKAPDV
Bétouv extdg amd vopuka {ntmuoto kot Ndikd oe oyéom He TNV TPOCTAGIH TNG

W TKNg (g ta onoio Bo TPEMEL VAL OVTILETOTIGTOVV.
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Hoapdptnpo A:
Ipotaon Metamtoyrokng Avatpipnc
1. Ovoua @outntA: Znoipou Kwvotavtia
2. Ovopa EmBAénovra KaBnynti: Apdcog Xprnotog
3. TitAog AwatpiBnig:
Anotipnon AAyopiBuwv EAEyxou POUMOTIKOU ZUARVOUG
TITLE:

Valuation Intelligent Algorithms of Swarm Robotics

4. NepiAnyn AwatpBng:

Yta mAaiola tng oUyXpovNng Kal cuvexoUg OVAMTUENG TG TexvoAoyiag, mapatnpeital Eéviova mMALoV n
ovaykn ywo v avantuén suduwv  ocuotnudtwv. H ekBetik mpoodog tou KAASoOU TNG TexvnTng
Nonpoolvng Ba dEpeL pLa eEMavAcTacn otny moxn tng mMAnpodoplag mou KAVeL Ta GAAOTE EMLOTNUOVIKA
osvapla Gavtaciog, mpaypaTikotnTa. Mia véa yevid “éEutivwv” pounot €xel &N apxlosl va Kavel aledntn
Vv mapoucia tng oto Blopnyovikd kAASo kol MPoPAEMETAlL CUVIOUA TA POUTOT Vo Yivouv PEPOG TNG
KaOnuepVAC pog Lwnc. H yvwon mou Moipvou e amo T AUTOOPYAVOUEVEC CUMTIEPLDOPEC TWV GUNVWY OTN
duon, urouv va povtelonotnBouyv Kat va epappooTtolV O POUTIOT SNULOUPYWVTOC VA POUTTOTLKO GUAVOG.

Itnv Slatplpy Ba mapouclaoTel Pl HEAETN Twv aAyopiBuwv gAéyxou yla Ta pn emavopwpéva
agpookadn Kal Tn Asltoupyla Toug. Oa MAPOUCLACTOUV TA XOPAKTNPLOTIKA TWV YEVETIKWY aAyopiBuwy,
PSO — Particle Swarm Optimization, ACO - Ant Colony Optimization, BSO kat Bee Swarm Optimization, Xtn
ouvéxela Ba yivel pla ektipnon twv mopopétpwyv tou PSO edappdlovidg ToVv O OUAVOG Qo N
enavdpwuéva agpookadn UVA (Swarm Robotics) otav autd Ba mpéEmel va avILLETWIIOOUV KATOOTACELG
EKTAKTNG AVAYKNG, OTIWG QUTNG TNG TIUPKAYLAG O€ £va 6A00G. ITOXOC TNG £lval va UTIAPEOUV CUUTTEPACHATA
yla To BEATLOTO TPOTO £DOPHOYAC QUTWV TWV aAyopiBuwy. To avTikelLeVo TNG LEAETNG, TO OMOLO EUTINTEL
pe to MN.M.Z., 6edopévou OTL MPAYUOTEVETAL OUYXPOVEG £DOPUOYEG TEXVOAOYLWV OQUTOMATLONOU, Ba
TMPooTaBNoeL va KOAUPEL avamavtnTa €pWTIRUATA TIPOKEIUEVOU va SoUpe Tooo amodoTikol sival ot
aAyoplOpoL BeATiotomnoinong og £va POUTOTIKO OUAVOG OO e EMOVEPWHEVO OEPOCKADN.

Q¢ mBavd amoteAéoparta TG XPAONES TWV MOpOmavw HeEBOdwy avapévetal va mpokUeL n emiteuén
ToU BEATIOTOU Kal armoSoTIKOTEPOU EAEYXOU TOU OUOCTAUATOG, KUPLWG N €haylotomoinon Tou xpovou
0pYyAVWGNG TOU POUTOTIKOU GUAVOUC, OTAV QUTO QVTIUETWIIIEL KPIOWUEG KATOLOTACELC.

Yroloyiletal OtL n pelétn Bo ohokAnpwOel evtdg tecodpwv pnvwyv dedopévou OTL N cuAloyn
BBAoypadiag amnd to Stadiktuo cuvodeutel amnod emnitdnou enokéPelg oe Stadopec BLBALOONKEC. Katd tov
televtaio punva Ba mpaypatonowindel n ouyypadn tng StatpBrg Kat ol S1opBwaelg AUTHG 08 cuvepyaaoia
pe Ttov emBAETOVTA KABNnynTH.




BIBAIOTPADIA

1. A.Torn and A. Zilinskas. ~ Global Optimization. Springer—Verlag, Berlin, 1989.

2. D. Beasley, D. Bull, and R. Martin. An overview of genetic algorithms: Part |, fundamentals.
University Computing, 1993.

3. R.C. Eberhart, P. Simpson, and R. Dobbins. Computational Intelligence PC Tools.
Academic Press, 1996.

4. J. Kennedy and R. C. Eberhart. Swarm Intelligence. Morgan Kaufmann Publishers, 2001.

5. J. Kennedy and R. C. Eberhart. Particle swarm optimization. In Proc. IEEE Int.

Conf. Neural Networks, volume IV, Piscataway, NJ, 1995. IEEE Service Center.

6. Ph.D A.R. Jha,.Theory, Design, and Applications of Unmanned Aerial Vehicles, Taylor and Francis Group,
2016.

7. Baris Yuce , Michael S. Packianather , Ernesto Mastrocinque , Duc Truong Pham and
Alfredo Lambiase (2013). Honey Bees Inspired Optimization Method: The Bees Algorithm,
Insects

8. Bonabeau E, Dorigo M, Theraulaz G. (1999). Swarm Intelligence: From Natural to Artificial
Systems, New York : Oxford University Press

9. https://www.slideshare.net/adrianwilke/ant-colony-optimization-routing

10. Remote Piloted Aerial Vehicles: An Anthology

11. http://www.ctie.monash.edu.au/hargrave/rpav_home.html#Beginnings

12. https://www.mathworks.com/

5. ZIx£6wo Babuoloynong (ue evEEIKTIKY mOoOoTWON)

e Ewoaywyn 5%
e BiBAloypadikn Epeuva 30%
e [eplypadn ZUOTAMOTOC 15%
e Avamntuén ZuoTtnuatog 15%
e [apouciaon AnoteAecudTwy 15%
e Juumepdopata 10%
e AutoafloAdynon 5%
e [1pOTAOCELG ylO TIEPALTEPW EPELVA 5%
6. Erutponn Eykpiong & BaBpoAoynong
Ap.A.Toglég Ap.K.AAadodripog Ap. XprRotog Apooog
KaBnyntnig KaBnyntnig
AtevBuvtig N.M.2 Mpoedpog TU.Mny. ErupAenwv-Elonyntnig

Autopoatiopol



https://www.slideshare.net/adrianwilke/ant-colony-optimization-routing
https://www.mathworks.com/

ITAPAPTHMA B: Paper
Valuation Intelligent Algorithms of Swarm Robotics
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University of West Attica
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Abstract: In the context of the modern and continuous development of technology, the need for the
development of intelligent systems is strongly observed. A new generation of "smart" robots has already begun
to make its presence felt in the industry, and soon the robots are expected to become part of our everyday life.
The knowledge we receive from the self-organized behavior of swarms in nature, can be modeled and applied
to a robot, creating a robotic swarm. In this paper, a study on the control algorithms of the unmanned aircrafts
will be presented. We will see how their application on unmanned aircrafts can encounter emergencies, like a
fire in a forest. Its aim is to draw conclusions for the optimal way of applying these algorithms to critical
situations.

Key-Words: Swarm Robotics, optimization, swarm intelligence, Unmanned Arial Vehicle, rescue, research,
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1 Introduction

If we observe nature we will see how well organized
it is and how directly it can apply some regulatory
factors to restore balance when needed. Observing
it, we see that its decisions are not accidental but act
under certain rules and taken under certain
circumstances. Indeed, in well-organized societies
such as ants, fish, birds, etc. dealing and solving
biological problems is standardized. Specifically,
nature has written its own algorithms. In our
everyday life we observe that such algorithms help
us make decisions about more or less important
issues.

Nature teaches us. Applying the knowledge we get
from nature, we can deal with early critical
situations that have to be with saving the
environment (earthquakes, fire, etc.) even humans
beings.

By combining the intelligent of nature with
technology and computer science, Swarm Robotics
was created. The so — called smart - Collaborative
robots which were designed to cooperate with each
other.

In this paper, the characteristics of Optimization
algorithms (PSO, ACO BSO) will be presented. An
assessment of Optimization algorithms will then be
made by applying it to unmanned UAV aircrafts
when they have to deal with emergency situations,
as that of a forest fire.

Finally, we will analyze and evaluate the
algorithms that help to predict and monitor a fire.

The study is completed by recording the
conclusions that are expected in use of this specific
system.

2 Self-organization

Self-organization is a result of the mechanical

dynamics, which lead to the appearance of

structures in a system and are due to the interactions
between the structural elements of the system. The
rules that determine the behavior of the members are
based on information gathered from their
neighborhood. It is an intrinsic quality of the system
and not an external interference at its will, behavior

[1].

The mechanisms that lead to such behavior
generally are:

1. Positive feedback: The ability of the system to
prefer one solution from another

2. Negative feedback: Balancing the positive
feedback which helps the system stabilize the
collective structure that is developing.

3. Random Fluctuations: It allows the system to
discover new solutions and improve its
demeanor.

4. Stigmergy: It is the mechanism of
communication and transfer of information
between the autonomous agents.

[2] [3]



3 Introduction to Optimization

The optimization problems are considered to be
those that are looking for the total minimum or total
maximum of a situation (function). These two cases
are equivalent, as if we change the sign of a
maximum of a function, it immediately constitutes
its minimum and vice versa. Thus, a maximization
problem converts into a minimization problem.
Additional restrictions and conditions (criteria) are
set in many optimization problems, which must be
satisfied.

3.1 Optimization Methods — Criteria
Following the categorization of Beasly, Bull and
Martin, the optimizations methods could be
classified as.

Calculus based Methods: These methods are
primarily based on the use of derivatives. Their
main disadvantage is that they depend on the initial
conditions and the locality of range.

Random Search Methods: These methods produce
random points that are valued and then decide
whether they are acceptable or not.

Iterated Search Methods: These methods are a
combination of the methods hill-climbing and
Random Search. Thus, when hill-climbing reaches a
local minimum, Random Search Method is
activated, which provides a new starting point to the
algorithm.

Simulated Annealing Methods: Every step studies a
solution and does not deploy the information from
previous steps.

Dynamic Programming: It solves similar problems,
whose solutions are logically related.

Heuristic Methods: These methods are led towards a
solution, based on the successive sequence of
approximate solutions of the problem. The results
obtained are not perfect, but they are quite
satisfactory and relatively quickly. Their total is
non-algorithmic [4].

A significant feature of finding the best optimal
solution to a problem, is meeting the criteria that
constitutes the problem. The main ones are:

(a) Last process completion time

(b) Total flow time
(c) Total completion time

(d) Maximum completion delay
(e) A combination of the criteria above [5]

3.2 Optimization with Swarm Particles

The harmonious movements of the members of a
swarm (synchronized movement, extraordinary
formations without collisions) have caused the
interest of various scholars. Simulation researches
goal is the members of the swarm to preserve an
optimized distance from their adjacents.

The development of the swarm particle
optimization method began with the following
theory [6]:

«Social information exchange between
members of a population provides
to the population an evolutionary advantage»

Eberhart and Kennedy developed a social behavior
simulator to simulate the movement of the swarm
particles. More movement features were added in
the process, like acceleration from a distance and
velocity synchronization between adjacent members
of the swarm in order for the swarm movement to be
studied towards specific locations. This movement
simulation with some additional parameters became
the first version of the optimization with swarm
particles for arithmetic optimization problems [7]
[8].

Millionas  designated five basic  Swarm
Intelligence principles which Particle Swarm
Optimization must follow.

1. Proximity : The swarm's ability to fullfil simple

time and space calculations.

2. Quality : The swarm's ability to react to
qualitative factors of the environment.

3. Diverse Response : The swarm must have a
wide range of reactions.

4. Stability : The swarm must not change its
behavior due to the effect of a noise, to wit a
negligible change in the environment.

5. Adaptability : The swarm must adapt. It needs
to change its behavior when its action does not
cause vast alterations, to wit the cost is not
prohibitive. [9]

4 Swarm Intelligence of Systems

Swarm Intelligence is an emerging field of
biologically inspired artificial intelligence, which is
based on the behavioral patterns of social insects,
such as ants, bees, wasps and termites etc. [10].
In other words, is the collective behavior of self-
organized systems, natural or artificial. The term
was employed by Gerardo Beni and Jing Wang in
1989 [11].

Swarm Intelligence is a system feature that
displays intelligent behavior collectively. A system
represents an entity that tracks the environment in
order to transact an action that was chosen. Each



entity operates autonomously and results in a
general collective behavior. They do not take
instructions, they make decisions, and phenomena
appear within mere order (bird flocking, fish
schooling etc.) which are led through collective
behavior and intelligence. The application of the
principles of the swarm on robots, is called Swarm
Robotics, while the term "Swarm Intelligence" it is
referred to the sum of the algorithms [11] [12].

Capabilities:
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Fig. 1: Swarm Intelligence Capabilities
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Scheduling: Relative work condition is being
emphasized instead of the direct predecessor or the
intimate successor, to the programming and to the
universal cumulative rule of pheromone evaluation.

Fig. 8: Balancing colony load — AntZ

Clustering: A cluster is a collection of factors that
are similar and dissimilar to those of other groups.

A0 i

Fig. 2: Formation of block strings in order to
clean the nests of the ants

Optimization: An optimization problem is the
problem of finding the Best Solution / Minimal Cost
from all possible solutions.
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Fig. 3: Optimization of Optical domains

Routing: It is based on the principle that the front
ants provide useful information that gather on their
journey from their nest to the food on the following
ants. [10]
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Fig 4: AntHocNet routing algorithm for MANET
(Mobile Ad hoc NETwork)

Advantages:

Derivative free
optimization

Robustness

Swarm Intelligence
Benefits

Flexibility

Easy marketing and
implementation

Low total cost

Fig 5: Swarm Intelligence Benefits

Flexibility: The colony responds to internal
disorders and external provocation

Robust: The tasks are completed even if some
agents fail.

Scalable: 1t can be escalated from a few agents to
millions.

Decentralization: There is no central control in the
colony.



Self-organization: The solutions are emerging and
not predetermined.

Adaptation: The system of the swarm adapts to
predetermined stimuli and also new stimuli.

Speed: The changes in the domain can spread very
quickly.

Modularity: The agents act independently from the
other domain levels.

Parallelism: The actions of the agents are inherently
parallel. [10]

Disadvantages:

Behavior: 1t is difficult to predict behavior by the
individual rules.

Knowledge: The mode of operation of a colony
can’t be fully understood by knowing the function
of only a single agent.

Sensitivity: Even a slight change in the simple rules
leads to different behavior across the entire team.
Action: The behavior of an agent resembles noise,
since each decision is clearly subjective. [10]

4.1 Swarm Intelligence Algorithms
Swarm-based optimization algorithms - SOAs, are
led into seeking the perfect solution by mimicking
the functions of the swarms in nature (bees, bird
flocking). Their logic is based on a decentralized
system, in which there is no central control. There is
a hierarchical structure which is used to assign tasks
and therefore there is no direct control over the
members of the population, but indirect, acting
instinctively. This helps to create efficient and
dynamic structures, which help the system cope
with the various challenges [13].
Some of the most basic SOAs are given below:

Ant Colony Optimization - ACO
The Ant Colony Optimization — ACO comes from
studying the behavior of the ant colonies. This
algorithm simulates how ant colonies work but it

also aims to solve the problem of food insurance
[14].

Particle Swarm Optimization - PSO
The Particle Swarm Optimization models how a
flock of birds or fish schooling look for food. Each
member of the swarm has the ability to operate
individually, but can also operate together to make
each member use the information obtained by
another member, and by this, to be able to find food
the best way possible. The PSO algorithm is trying
to do the exact same thing. Each member of the
team is led towards the optimal solution by taking
into account the following:
1) an average of its own previous solutions.

2) an average of the previous optimal solutions from
the rest of the members. [15][16]

Bee Colony Optimization Algorithm — ABC

The optimization algorithm BSO is inspired by the
collective behavior of bees as a swarm. In 1946,
Karl Von Frisch [17] observed that bees of the same
colony visit more than ten possible areas of
exploitation, but they focus only on the richer and
more accessible areas. In 1991, Seely, Camazine and
Sneyd showed that when a choice between two
oppositely food sources with a very uneven sugar
conservation is given to the colony, it brings their
attention to the richest one. In this phenomenon, the
swarm follows the bee with the most intensive
dance, which indicates the area with the richest food
source [18] [19].

5 Swarm Robotics

Swarm robotics occupies a new position in the
robotics field. The term "swarm" is based on the
attribute of systems displaying a collectively
intelligent behavior. Inspired by the concept that the
desired behavior of an entity arises from interactions
that act between simple robots, as well as the
interactions of these robots with their environment.
So, these smaller and simpler robots mainly
coordinate the biggest swarm — system [20].
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Fig. 6: Robotic Swarm

The main properties of animal kingdom systems
(fish schooling, bird flocking etc.) that are intended
to be applied on robotic swarms are:

= The ability of the robotic swarm to act

independently from « noise» that accepts from
the environment and from other problems that
may arise to the members of the swarm.

= The ability of the robotic swarm to carry out

interlinked moves to complete its processes.

It is remarkable that robotic swarm applications
tend to constantly grow as they are being studied,



even their capabilities. From its exploitation, to a
wide range of tasks involving constructions and
subtle interventions in the human body itself with
the use of nano-robotics. In fact, one of the very
promising applications that is already being
manifested, is the use of swarm robotics in
businesses, rescue and disaster management
missions. Swarm robots have a large number of
sensors and are quite flexible, so they can trace
members or even have access to endangered areas
faster and easier.

6 Unmanned Aircraft Vehicles (UAV)
Unarmed aircraft vehicles are aircrafts designed to
operate without a human pilot aboard, the term
includes UAVs and drones. The autonomous flight
requires the use of specialized software which will
run the flight plan and guide the aircraft with
onboard sensors and GPS [21].

6.1 UAV Classification

Unarmed aircraft vehicles (UAV) can be variously
classified. The two most basic categories are fixed
wing, like airplanes, and with propellers, like
helicopters. To define the number of motors or
propellers we use the term Multicopter or Multirotor
and are distinguished to Quadcopter (4 propellers),
Hexacopter, Octacopter etc.[22]

According to the newest legislation, drones are
divided into three categories: Open category,
Special category, certificate category [23].

Based on size, flight duration and altitude the
categories are the following [24]:

LASE They do not require take
Low Altitude, | off/landing runway. They weigh
Short 2 to 5 kilos. Their wingspan is
Endurance shorter than 3 meters.
LALE They can carry heavy cargo and
Low Altitude,
L fly up to several thousand meter
ong .
altitudes.
Endurance
MALE They are much bigger than
Medium .
. LALE and can fly at altitudes
Altitude, Long
below 9000m.
Endurance
HALE They are one of the largest and
High Altitude most compl!cated drones. They
> | can fly at altitudes up to 20000m.
Long . . . .
while  their flight duration
Endurance .
reaches a maximum of 30 hours.

6.2 The Legal Framework

Nowadays the users of unmanned aircraft vehicles
have multiplied (due to reasonable prices) and it has
been noticed an increase of air traffic. So, the need
for regulations and flight restrictions was designed
in order to avoid dangerous incidents, especially in
rural areas and areas close to airports.

NASA and the Federal Aviation Administration
(FAA) presented a concept about low altitude air
transport management. Based on the NASA idea,
Amazon designated a range on airspace to suggest a
management system. Figure 1 shows the design of
the airspace for small UAV functions by Amazon
[25] [26].

Integrated Airspace

Fig. 7: Small UAV airspace flight zones design

The Federal Aviation Administration (FAA) is the
regulatory authority of UAVs flight management of
the U.S.A., and the European Aviation Safety
Agency (EASA) is the European equivalent. These
departments have drawn up a design of mutual
regulations, prototypes and guiding principles,
which regulate UAVs traffic in american and
european space. There are individual monitoring and
management systems of the UAVs movement,
ensuring that the operators comply to the established
regulations. The operators have access to databases
where they can observe, deposit and evaluate flight
designs. Ground based radar, GPS «om
meteorological stations provide all the information.
Automatic systems design paths for the autonomous
drones, which are equipped with sensors in order to
avoid collisions [27] [28].

The Civil Aviation Department in Greece
designate the terms of UAVs flights according to the
regulation, at the Athens FIR (YA
AIYTIA/21860/1422/30-9-2016, ®EK  3152/B).
Sanctions are listed in this Ministerial Desicion also
in case of noncompliance with the terms mentioned
above. One of the basic preconditions is compulsory
insurance for damages to third parties [29].



6.3 UAVs adjustment in emergency
situations

UAVs are proved to be multipurposed tools in
emergency situations. Rapid mapping and valuation
of the damages is led to research and rescue
operations to respond faster. Damages like fires,
leakage of hazardous materials, nuclear incidents,
etc., are dealt effectively and without risk for human
lives. UAVs can transfer data even in situations
when telecommunication is completely damaged, by
generating an air information network.

6.3.1 Direct Mapping

Inaccessible areas are almost impossible to be
mapped properly without air assistance. Basically
common aircrafts cannot approach the affected area
in a very close distance resulting in a not entirely
objective flow of information. UAVs due to their
flexibility and size can capture the affected area
faster and develop high quality maps. In that case
the new mapping (after the destruction) in most
situations differs compared to the period before the
destruction. The evaluation process of the
magnitude of the destruction happens fast while
mapping occurs in real time. So the response to
restrict the damage is immediate. Finding the
optimal access route for assistance and the location
of the safest area for affected support can be
achieved faster with the use of UAVs. Subsequently
mapping can be used for time and cost evaluation
for area restoration.

A successful example of direct mapping with the
use of UAVs supervened in Philippines in
November of 2013. The so called "Yolanda"
hurricane hit the area leaving 6,300 dead and
millions of homeless people. Danoffice company
disposed UAVs that immedately mapped the
affected area and so free pathways were identified
for assistance rapidly [30] [31].

FLOOD MITIGATION IN RAVINE MILLET @) mouiis

Fig.8: Mapping with UAVs (Philippines)

6.3.2 Research and rescue with UAVs

Rapid mapping of the affected area as well as air
network development between UAVs is not only
significant for damage evaluation but mostly to
reinforce the exchange of information process
between the rescue teams. This way the rescue
teams act immediately. If the response time of the
team is within the first 30 minutes, then survival
percentage reaches 90% [32].

In case of an enormous destruction (earthquake,
hurricane etc.) UAV autonomy is decisive. Locating
the victims that are under precipitated buildings
happens faster and with greater accuracy. The utility
of the UAVs should be highlighted here for the
safety of the rescue crews. The rescuers work under
extremely dangerous circumstances in order to free
the victims from the ruins. The UAVs, equipped
with the proper tools (Sensors, thermal cameras etc.)
are able to locate the position of the victims without
direct contact with an unstable construction [31].

A particular example is the 2013 earthquake in
Lushan, China. This earthquake was measured 7 on
the Richter scale which caused the death of 126 and
left many injured behind. The inaccessibility of the
area obstructed the rescue teams from interfering
immediately. The UAVs that were used, equipped
with special victim detection algorithm and real
time image transmission, conducted the rescue
crews by decreasing the response time by half. This
way, dozens of lives were saved [33].

6.3.3 Leakage of hazardous material

UAVs might be the only choice in case of a
leakage of hazardous materials. A man cannot
encounter a destruction of this scale in direct
contact. In such case, when the destruction cannot
be limited only to plant boundaries (nuclear
disaster) but also spreads, then the wider
environment is at stake at a range of hundreds
(maybe thousands) of meters around the industrial
plants. The radiation that is released in the
environment from a nuclear accident, the self-
ignition of chemicals, the possible explosions and
the unstable constructions institutes a very
dangerous situation for the rescue crews.
Furthermore, in these kind of accidents, rescue
crews' exposure time at the leakage location is
limited, even though they bear personal protection
equipment, due to severe danger for their physical
health and even for their lives.

Manned aircrafts were used in the nuclear accident
in Chernobyl in April of 1986. The aviators that
assisted on the containment of the damage lost their
lives after a while, due to their exposure in
radioactive radiation. During the nuclear accident in



Fukushima's manifacturing plant in March of 2011
in Japan, UAVs were employed to estimate the
magnitude of the problem, and so the situation was
mapped and evaluated without any risk for human
lives [34].

In case of biohazard and quarantine of an area,
UAVs could assist in transportation of medicines
and of expedient equipment with no need for
healthy (uncontaminated) individuals to be exposed
at risk [31].

6.3.4 Marine Rescues

UAVs have the ability to provide assistance to
people in marine risk, since they can approach them
in minimum time, until a lifeguard arrives.

These UAVs also have two special mechanisms
that when they get in touch with (sea) water they
convert, immediately, into life vests. Additionally,
they are equipped with two waterproof, high
definition cameras and are expected to be used for
coastal surveillance. The lifeguard corp in Los
Angeles has already been included in the coastal
surveillance of the UAVs [35].

6.3.5 Forest Fires

UAVs are valuable tools in dealing with forest fires.
Detection, tracking, observation and apprehension
occur in real time. The direction, surveillance,
control of resuscitation and perimeter of the fire are
constantly inspected. The environmental damages
from forest fires are enormous for both living and
non-living matter. Prevention and on-time detection
are vitally significant.

Effective fire control depends entirely on the
immediate information about its development.
Information relevant to the shape and the position of
a fire front and its spread rate are decisive and they
decrease the extinguishing time. Techniques like
optimal and infrared ground cameras, fire
guardhouse monitoring etc. are in many cases
proved to be inadequate (for example at night).
Most of the times, firefighters enter an area without
being aware of the evolution of the fire which leads
to fire suppression not taking place properly, and on
the other hand we end up with life losses. Many
cases of people being trapped inside the core of a
fire have been reported.

UAVs are mainly used for fire extinguishing and
visual monitoring. The information they give might
be incorrect due to their limited field of view. The
organized coordination that is required between
firefighting teams cannot be absolute as decisions

are made based on experience, and are entirely
subjective [36].

UAVs can patrol an area, transmit images in real
time and detect a fire faster with various sensors, so
this reduces the determinative time of the response.
In our recent years, efforts have been made to
support fire protection with the use of UAV
technology.

7 UAVs in the function of fire
extinguishing

UAVs, as we have seen in a previous section, help

in diagnosing and inspecting a fire front early. Their

flight duration, algorithm collaboration

effectiveness and sensor accuracy establish more

efficient tasks.

7.1 Fire Monitoring Simulation with UAV
swarm

In order to simulate the process of monitoring the

fire perimeter, we need to make some assumptions
that are necessary for its effective monitoring:

* Each UAV must be equipped with a capable IR
receiver of recording images. One infrared
camera is ideal for monitoring a fire as it detects
the ground areas with higher temperatures. This
way, the aircaft collects sufficient information to
design and adjust its flight route autonomously.

» Each UAV is considered to have a limited range
of communication. If it is outside of its range, it
cannot transmit data at the base station. In order
to communicate with other UAVs, they should
coexist within a certain range.

* Each UAV is considered to have limited fuels.
Therefore, it should frequently return to the base
station for refueling. [37]

7.2 Response Time / Latent Time

Rapid fire suppression is based on the immediate
briefing of all of those that are involved with the
current situation. It is what is called real-time
briefing. In fact, to inform the base station from a
UAV cannot be fulfilled in real time due to some
delay. It is what is called the response period, or
latent time. To wit, the time that elapses from the
moment when a system receives an external
stimulus starts to work, until the moment when the
stimulus is perceived by the environment of that
particular system and actually starts operating.



The response time of this specific system is
defined from the moment a UAV starts its flight
from the base station, and after it covers the full
perimeter of the fire, to the moment it returns to the
base. This simulation employs a strategic interplay
that minimizes the delay which relates with the
evaluation of the perimeter of the fire that are
provided to the base station. That is achieved by
flight time minimization amid certain points of the
fire perimeter and the base station, and by update
frequency measurement maximization that is
provided to the base station.

Response time amid the image assortment and
their transmission to base station can be useful as a
quality standard of the fire monitoring algorithm.

Let's say x is station's starting point and G (x) is
the function that represents the systems' time
response. As time elapses, the information of the
base station becomes more latent until a new UAV
trasmits its latest data. For a specific point x along
the fire perimeter, G (x, t) perimeter just increases
through time until it will be replaced by another
UAV's received data.

Time betwixt Y (X, t) updates is related to G (x, t)
response time with this formula:

Y (x,t) =[G (x) — (t—tupdate)] (1)
while the moment a UAV updates its base we got
Yx)=Gx1t (2

The optimal solution for response time reduction is
when response time is minimized. The monitoring
system (Base station - UAV) is then considered fully
updated.

BASE
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Fig. 9: Latent condition profile of a single UAV

Figure 9 shows the delay that is related to the fire
perimeter when a UAV that moves clockwise and
returns to the base station after a full perimeter
navigation. The route's thickness indicates the delay
of the update of that point's base station. The

optimal latent condition connects with the data that
were gathered in the beginning of the flight.

Response time is a linear function of m(x) covered
distance, which is defined by the following
equation:

m(x)=P-xv (3)

where
P: is the fire perimeter
v: UAV's velocity (considered stable)

The base station receives updates just as fast as a
UAV can cross the whole perimeter of the fire. So
the total latent condition of a route is provided by
the equation:

[OPm(x)d(x) = 0.5 P2v )

The latency profile for a pair of unmanned aircraft
traversing a cyclic static fire in opposite directions is
shown in Figure 10.
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Fig. 10: Latent condition profile of two UAVs

More specifically, the first UAV moves clockwise
on the fire perimeter, whilst the second one moves
counter-clockwise. If the UAVs both distance
themselves at the same time from the base station
and fly at the same speed, the rate of update
(response time) will be the same as if there was a
single UAV (assuming that both UAVs return to the
base station at the same time), but the delay that is
related with the data on both sides of the base
station will be symmetrical and reduced. Total
latency will be estimated by the following formula:

JOPm(x)d(x) = 0.25P2v  (5)

which is half according with which we have, using a
UAV.

It is being observed that, the rate at which the
update is carried out will increase linearly if the
numbers of UAV pairs increases accordingly and
therefore the actual latency will be decreased. It is



necessary the minimum latent profile to be
maintained and t maximize the update frequency at
the base station [37].

7.3 Simulation results according to the
perimeter monitoring

Equipment of each UAV is an infrared camera,
hanger inclination and an autopilot. For the
circumferential detection of the fire, an infrared
camera is being employed, where there is a scanning
through infrared image and each pixel is indicated,
BERN or NOT BERN. We classify into BERN and
NOTBERN with the use of a linear classifier. In this
particular simulation, EMBYR fire model is being
employed for the creation of a fire model in every
step of the time. In figure 11, the simulation results
of a single UAV, that distances the perimeter of the
fire, are displayed. To wit, it is a single's UAV fire
tracking error.

TRAKING ERROR
T
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Fig.11: Standard depiction of a UAV
latent period progress

Subsequently, a design of the linear segmentation
in the UAVs' global co-ordinates is being employed.
Accessible N second points are being monitored in
the near future and the entire sum is parameterized,
as a function of the angle rotation. A command is
being given for an angle rotation towards the
unburnt side and the fire perimeter. Inclination
angles of the camera counterweight are being placed
in a way that the linear classifier divides the image
in two equal parts.

This approach is suitable for fire perimeter
monitoring because it usually evolves in a non
continuous manner. Linear classification smoothies
effectively the non continuous barrier [37].

7.4 Fire monitoring algorithm with UAV
swarm

Studies have been employed into two or three
algorithms capable of providing minimum latency
for fire monitoring systems.

For algorithm evolution, a firefighting distribution
system was chosen.

Assumptions: Stable perimeter length, stable
number of UAVs, formation of the minimum latency
appears when UAV pairs are uniformly spreading
out along the fire perimeter and towards both
directions.

These UAV pairs will meet and transmit the
gathered data, therefore the UAV will reverse its
direction to meet its adjacent towards the opposite
direction. UAVs can exchange parts in an
assignation, so that the team members with the
fewer fuels will be the ones closest to the base
station.

Distributed Algorithm

The main goal of the distributed algorithm is
minimum computational efforts and for latency to
exist. This algorithm must reverse any size of the
fire perimeter and must be readapted, when the
length of the perimeter or the number of the UAV
pairs varies. The perimeter must be shared amongst
adjacent UAV pairs.

Load balancing algorithm

Load balancing algorithm assists in balancing the
distance route loads along the perimeter of the fire.
It is been observed that through the Monte Carlo
simulation development, load pairing will lead to
collective convergence. By balancing the length
shared by each UAV pair, the team as a sum will
uniformly spread around the perimeter of the fire, in
order to achieve minimum formation of latency. By
using the Monte Carlo simulation, it turns out that
the load balancing algorithm converses in the
minimum delay configuration for arbitrary initial
conditions.

[37]

7.4.1 Fire EMBYR model using the
collaborative control algorithm

Fire monitoring researchers have developed

EMBYR model for effective perimetrical

monitoring control prediction and fire simulation.

EMBYR model essentially divides the area of

interest into a «cell» grid, where each model has



specific qualities (foliage type, humidity) that
affects the spread of the fire.

Fig. 12: Fire simulator with EMBYR model

One can achieve realistic fire simuations by
implementing EMBYR model multiple times and
average the result. [37]

8 Conclusion

By accepting the fact that algorithms dominate our
everyday life and by following the footsteps of
nature, the development of mimetic applications
was made possible (PSO, ACO, etc.) in activities
that concern our everyday life. It is also a fact that
the remote management technology of various
mechanical applications is now fully developed and
is continuing to evolve exponentially. So with the
above combined, robotic swarm control algorithms
are useful tools in the successful «conjunction»
between these two, aiming at the exploration and the
procedure of finding the optimal solution to deal
with emergency situations immediately.

The light and high energy efficient embodied
computing systems have given us the opportunity to
formulate feedback control, through sensors, on the
same aircraft. Though, by having a real UAV
swarm, the steps of a swarm particle optimization
algorithm have disadvantages compared to the steps
that are employed in a simulation environment. The
mechanism and movement of the mechanical parts
is a challenge for the future research efforts.

However, the steps of the swarm particle
optimization algorithm can be applied in the initial
(provided that we are aware of the initial positions)
and the final formation of the aircrafts. The
optimization algorithm's ability to manage a large
number o UAVs, as well as its optimal application,
even in the initial conditions, can be decisive in
cases of rescue, exploration etc. The use of the
swarm particle optimization algorithm in the final
aircraft formation bears additional ways to save
energy and autonomy. The aircrafts’ autonomy
defines their performance, mainly in cases of
immediate intervention (high risk) and infeasible
replenishment. This specific sections require further
research.

A cooperation program is proposed with regard to
the fire protection of the forests, which will use an
even number of UAVs to minimize the possibility of
latent update and the frequency of the update's
requirements.
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