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Eiev0epraonc Xopaiopmog
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ATayopeVETAL 1] AVTIYPOPT], ATOONKELGN KOl SLOVOUT TNG TOPOVCOS EPYACIG, €€

OAOKAN POV M TUNHOTOS OLTHG, Yo EUTOPIKO okomd. Emtpénetal ) avatdmmon, amobfkevon
Kol O10VOUY| Y10l GKOTIO U KEPOOOKOTIKO, EKTOLOEVTIKNG 1| EPEVVITIKNG PVOT|G, VIO TNV
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Hepiinyn

2TV TOPOVCO LETATTUYLOKT EPYACia YiveTon pio Tpocmdfeta yio TV LEAETN Kot TV
TEPLYPOPN TNG TEXVOLOYIOG avoyvdpiong pécwm tov padiocvyvotritov (RFID: Radio
Frequency Identification), pog texvoloyiag mov to tehevtaio ypovia epeovifetal ovyva
oTNV KaOnuepvotTTa ToL AVOpMOTOL Kot PITopEl va S1EVKOAVVEL GNUAVTIKEG TTTUYESG TG LoNg
tov. O 6poc RFID ypnoyromoteiton yio va meptypdyetl To GUGTAHOTO EKEIVA TOV EKTEUTOVY
Kot AapPdavovyv mAnpoeopia acvpuata, pe tn ypnon podtokvpdtwv. H mAnpoeopio avtr
amotelel TNV TAVTOTNTA €VOG GLUYKEKPIUEVOD OVTIKEWWLEVOL 1 OTOUOV, GE HOPPN €VOG
Hovadikoy oepLokod aptpov Kot ivarl amodnkevuévn o niektpovikéc etikéteg (tags). Ot
ETIKETEG, MOV pmopel va e€lval TPOCKOAANUEVES 1) EVOOUATOUEVEG OTO OVTIKEILEVO,
HeTadidovy TV TANPoPopia Tov SlabEToVY acVPUATO 6TOVG avayvooteg (readers), yia
TavTonoinom kot yi dAlovg okomovs. ' va kotaotel gkt 1 petadoon, n enelepyacia
Kot M omofnkevon g mAnpopopiog ota cvotiuate RFID, eivor amapaitmtn n ypnon
OLOTATIKOV VAMKOV, AOYIGUIKOV, OIKTOOL Kot Pdcewv oedopévov. Mepikd cvotipata
YPNOUOTOOVV TOONTIKEG ETIKETEG YOUNAOD KOGTOVG ME kpY] epPérela avdyvoong Kot
wKpo Oyko mAnpoeopiog (passive tags). AAAO GUGTHUOTO YPNOUYOTOOLV VLYNADV
EMOOGEMV ETIKETEG OV EVICYLOVTAL OO pmaTopion Kot Umopohv vo 01f€Touy onpravTikd
dyko mAnpopopiog kot peyain epPéiera avayvmong (active tags). To televtaio ypdvia
mopatnpeital o paydaio eEEMEN ota cvotnuota RFID, kdtt mov €yel mpoxkaiécsel to
EVOLOQPEPOV KOL TNV TPOTIUNGT] TOAADV EMYEPNCEWV KOl OPYOVIGU®V TOYKOGUIWG,
SLELKOADVOVTOG TTOAAEG Omd TS OladIKAGIEG TOVG HE TOLTOYXPOVN HeEI®ON KOGTOVLS Kot
KPOVOL TTOV OOUTOVVTOL Y10l TIG OLOIKOGIES AVTEG. LT TAAICLOL TNG TOAPOVCAS EPYOCING,
oxeOOLETOL KOl VAOTOLEITOL 10 EQOPUOYN TTOL KAVEL ypnon g texvoroyiag RFID ko
EKUETOAAEVETOAL KATTOL0, OLTTO TO. GTOLYEID TTOL OVAPEPOTKAY TOPATAVE®.
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Abstract

This thesis is an effort of studying and describing the technology of Radio
Frequency Identification (RFID). This new technology has become a significant part of
everyday life in recent years and is used to improve many aspects of human and business
procedures. Radio Frequency Identification is a term that describes systems who transmit
and receive information wirelessly, using radio waves. RFID enables this wireless data to be
collected by readers from electronic tags attached to or embedded in objects, for
identification and other purposes. RFID systems involve hardware, software, network and
database components that enable information to flow from electronic tags to the
infrastructure, where it is processed and stored. Some use passive, low-cost tags with short
read ranges and only small amounts of information on tags. Others use active battery-
powered, high-performance tags with high data capacity or read ranges that can carry
considerable data on tags without network connection. In the last few years the great
evolution of these systems attracted many companies and organizations worldwide in order
to reduce the cost and time needed of many of their procedures and processes, improving
business performance. In this thesis, an RFID technology-based application will be designed
and implemented with the use of some of the above features.
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1 Ewcoywyn

1.1 Tevika

H teyvoroyion RFID (Radio Frequency Identification) eivor o popon
acOppatng emwowwviag m omoia ypnoiponotel padlokOUOT, HE OKOTO TNV
aVOYVOPLON 1) TOV EVIOTICUO EVOG 1] TEPIGCOTEPOV AVTIKEIEV®V. Expetailedetan kot
eeliooel v 10éa TG TEYVOAOYiag avdyvwong barcode kor v ynoelomotel
TaPEXOVTOG TN SLVATOHTNTO TNG YPNYOPNGS, EVKOANG KOl 0md amdOGTACT) AVAyVAOPLONG
evog mpoidvtog. H avayvopion avt) propel va yivel yopig va vwépyet GUECT) OTTIKN
EMOPT LE TO EKACTOTE OVTIKEILEVO, EVD €lval EPIKTN KOl 1] TOVTOYPOVT] AVAYVAOPLON
TOALOTAGDV OVTIKEWLEVOV OV UTOPEL VoL améyovy HeTaED TOVG amd Alyo EKOTOOTA MG
HEPIKE PLETPOL.

1.2  Avrikeiuevo puetoantoylaxys olaTpifns

Me Bdaon v texvoroyio RFID éywve o oyedloopog kot n vAomoinon oG
epapuoyng mov mpoopiletor yio PDA (Personal Digital Assistant), to omoio 6o
xpnoonombel yuo v avayvoon tov padtocvyvotitev. H epappoyn Ba elvar oe
0éon va avayvopilel cuykekpiuéva avtikeipeva-tpoiovro Kot va to dtoepileTon pe
M Ponbew pag Paong dedopévaov oty omoia Ppickoviol amodnkevpéves kdmoleg
TANPOPOPIES OYETIKG HE OLTA. X €MOUEVO OTAOWO Yyivetal €Aeyyog yio T
dfectdTTO. TOV OVTIKEWWEVOV, VA €lvar duvartn kol M evnuépmon g Paong
OEdOUEVOV LE TNV E1GAYMYT VE®V OVTIKEUEVOV Ao Tov xpnoth. Mropel va yivel Kou
agaipeon evog Tpoidvtoc amd ) Pdor dedopévev og mepinTmon mov ovtd Exel ANéet,
OT®G emiong Kot TPOomoToinom e TANPoeopioag (LOVAdTKO avayvmploTiKO) Tov PEPEL
n kdPe etwé€ra. EmmpocBétwg, emAéyston Kot eUEAVICETOL 1 GUVIGTOUEVN
oLVTOUOTEPN Oldpopur Yo TV evamdbeon 1 mopadoafn TOV OVIIKEWEVOV TOV
EUMAEKOVTOL OTO SLOPOPETIKA GEVAPLO EKTELEONG. TN GLVEXELX YIVETOL Lo YEVIKN
TEPLYPAPT TWV TLO SUOESOUEVDV OAYOPIOU®Y EVPEGNC GLVTOUATEPOL LLOVOTTATION KO
TaPOLGIALOVTOL OPICUEVO CUUTEPACLATO Y10 TO, OMOTEAEGLOTO TOVG KOl TOV TPOTO
xpnong tovg. Emiong, yiveton m peAétn opiopévov cuoTNUATOV TAONYNONG TTOL
VILAPYOVV KO TEPLYPAPOVTOL OL AELTOVPYIES TOVG.
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1.3  AwapBpwon ths uctortoyiokiis olaTpifys

To Kepdhoto 2 amoteAel o 16TOPIKN ovadpopun OTIG TEXVOAOYIES KOL TOL GUGTHLLOTO,
OV  GWOTEAEGOV  TOLG  WPOYOVOLG  TNG  TEXVOAOYIOG — OVOYyVOPIONG HECH TV
POSLOGLYVOTNTMV Kol TOPOLGLALETOL TO TS £YVE 1 HETAPOCT OTN HOPPN TOL £XEl
onuepa N texvoroyia o).

Y10 Kepdrao 3 yivetan pia meprypaen g teyvoroyiag RFID kot tov Boacikdv
yopoktnpotikov tg. llapovoidlovion to emPEPOVG GLOTATIKE OV TNV OTOTEAOLV Kol
yivetor avaivon Tev Aettovpyldv tove. Eretta, avoapépetol 1 omoudaidtnta e TEXVOAOYING
OVTAG Kot TapovatalovTotl ot S1poPETIKOL TOUEIS TNG KON UeEPVOTNTOG TOV avOP®TOL GTOVG
omoiovg ypnoomoteital.

Y10 Kepdhowo 4 vyivetow mopovcioon ToV  KuploTEP®V  aAyopifuwv  mov
YPNOLUOTOLOVVTAL YOl TV EVPECT] GLVTOUOTEPOV LOVOTOTION Kot LeBOS®V Teptynone.

>10 KepdAato 5 meprypdoovrol Ta 516popo GUGTHLATH TAONYNONG TOV VITAPYOVY Kol
o1 onuavtikotepeg péBodot evpeong Tomobeciog.

Y10 Kepdhawo 6 moapovoualetar 10 «Adpavewakd Xvotmuo IThoynone» (Inertial
Navigation System) kot ot ué6odot Tov ¥pMeIUonolovVIOL Yia. Tr dSOUNGN TOV.

210 Kepdhato 7 meptypdeetor 1 €popUOYN TOV VAOTOLEITOL GTNV TOPOVGH EPYOCia.
Mo ovykekpéva, avaeépoviar To epyaiei Kol Ol YAMOGEG TPOYPOUUOTIGHOD TOV
YPNOLUOTOMON KAV Y10 TNV AVATTTUEN TG, VO TaPoLGLALoVTOL Ol AEITOVPYIEG TNG EQUPLOYNG
KaOAdG Kol 1) APYLTEKTOVIKT] TOV GUGTHUATOG OV VAOTOONKE.

Y10 Kepdiao 8 mapovsialetar m vhomoinon g eeappoyns. Ileprypdpovrar ot
Aertovpyieg ¢ kol yivetar ovaQopd ©TO TUAMOTO KOl OTIC GLVAPTNGEL TOV KMOOIKO
vAomoinong mov BempodvTal GNUAVTIKA.

To Kepdhowo 9 amoterel tov emihoyo TG epyaciag, Le TNV TOPOVGIOGT] YEVIKOV
ocounepacpatov evod oto Kepdiowo 10, Ppioketon m Piproypapioc kot ot myég mov
YPNOOTO|ONKaY.

Institutional Repository - Library & Information Centre - University of Thessaly
19/05/2024 15:17:15 EEST - 18.222.119.227



2 Ioropixy avadpoun

>10 Kepdhaio avtd Oa yivel pua 10T0pikn avadpoun oTig TeXVOAOYIeS Kat Tol
CLGTNLLOTA TTOVL OTOTEAESAV TIG pileg TG Te)voroyiag RFID kot 6o mapovsiactovy o
01010 eEEMENG T™NG ATO TN GTIYUT TTOL EQPAPUOGTNKE Y10 TPMTN QOPAL.

2.1  2vetijuara-Ilpoyovor tiyg teyvoloyias RFID

Etvon xowvéd amodektd o1t ot pileg g teyvoroyiog RFID evromilovron kotd ™
duwpketa tov  Agvtépov Ilaykoopiov IToAépov. Ov Tepuavoi, otv Idmwveg, ot
Apepikavor ko ot Bpetavoi, ypnoiomolovcov cuotipote paviap, To omoio
avakaAvEONKay to 1935 amd tov kwtcélo euowd Sir Robert Alexander Watson-
Watt. Ta cvotuato avtd mpogidonolovcay o KEVTIPA 1 TG Paong eAéyyov, Otav
minoiale Kamolo agpomAdvo mov Bpiokdtay apketd yrlopetpa pokptd. To Tpdfinua
OUMC NTOV OTL gV LANPYE TPOTOG VO OVAYVOPLOTEL OV TO OEPOTAGVO OLTO MTAV
exOpuco M Oy

Ot IF'eppavol avoakdivyov 0Tt av €vog mAGTOg avamodoyvplle T0 aepOTAGVO
oV KaTd ToV OpovVTIO Tov dEova, Ba dAAale TNV OvVTOVAKANGCT] TOL POOLOGTLOTOG.
Me tov 1pOmo avTO €00TOVVIOV TO TANPOUO TOV PAvVIAp OTL TPOKELTAL Yiol
leppovikd  agpomAdvo Kot Oyl Yo OEPOTAAVO TMV ZVUUAYIKAOV  AVVARE®V.
AronoOnTikd oo fTav kot 1o TpdTo TadnTikd cvotnua RFID.

Ynoé v emonteio tov Watson-Watt, o omoiog ompbvve éva amdppnto
npdypappa, ot Bpetavol avémtuéav 10 mPp®TO CHOTNUO «OVOYVOPIONG GIAOL 1
exOpov» (IFF: Identify Friend or Foe). TomoBétncav évav mound oe kabe Bpetaviko
aepomAdvo. Otav o moumdg AdpPoave onupato amd tovg oTafpovE TV PovTdp 6To
£€0apog, dpylle va avapetadidel £va onpa micw otovg otaduods. Me 10 onpa awtd
avayvoptLotav 0Tt TO 0EPOTAAVO NTUV PIAKO.

‘Eva RFID ovomua, Asttovpyet pe v 1010 facikn 10€a: va oo oTEAVETOL
o€ &vay ovaUETAOOTI, 0 OTOT0G e TN GEPA TOV «ELTVAEL KOl EITE AVTOVOKAAEL £Vol
ofuo (passive system), gite avouetadioet Eva onpo (active system).
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H avértoén kor n e€EMEN oTig teyvoroyieg pavtdp Kol GTOV TOHEN TMOV
EMKOIVOVIOV HEGH POOIOGUYVOTHTOV, cuveyiotnke Katd Tig dekoetieg *50 ko *60.
Emotmpoveg kor axadnuoaikoi otig HITA, tv Evpomn kot v lorovie ékovav
épevveg kol mopovcialav SaTpPéc Yoo T0 TAC UmopovsE vo yivel ypnom g
POSOCLYVOTNTOG KoL TNG EVEPYELAS TNG Yo TNV  OVOyvOPLoT)/TOVTOTOINoT)
avTikelévov  €§  amootdcews. Kdmoteg etaupeieg dpyioav  va  dwupnpilovv
OVTIKAETTIKA GUGTNHLOTO TOV YPTCLULOTOLOVGOV PASIOKVLOTO Y10 VO XOPOKTNPIGOVV
éva avtikeipevo o¢ ayopacuévo 1 oxt. H teyvoroyia avtn, mov ypnoipomoteiton péypt
Kot onuepa, elvar yvoot| og «Hlektpovikn Emtipnon Avtikeywévov» (EAS:
Electronic Article Surveillance). Mia etikéto. EAS dwbétel éva avayvoplotikd
ueyéBoug 1 bit. To bit givau gite evepyod eite avevepyd. Av KAmolog TEAATNG TANPOOEL
Y10L VO, ayOPAOEL TO GLYKEKPLUEVO avTIKEIUEVO, TO Dit amevepyomoteitan kat o meAdTng
pmopel va e£€ABEL TOL KOTOOTUOTOS. X€ OLOPOPETIKY TEPIMTMGN, OV O TEAATNG
mpoonafnocel vo Pyst amd TO KATAGTNUO, Ol OVOYVAGCTEG TOL £Vl EYKATECTNUEVOL
OTIG E16O00VG AVIYVEDOLV TNV EVEPYOTOMUEVT ETIKETO KO T)XOVV GUVOYEPLLO.

2.2 Ta mpaorta RFID cvetiuata

O Mario W. Cardullo, Bswpeiton 611 oyediace otig HITA, v apdt evepyn
eticéto, RFID (active RFID tag) pe emaveyypdyiun pwviun, otig 23 Iavovapiov 1973.
Tnv 6w gpovid o Apepikavog Charles Walton, AapBdver dimhopa gupectteyviog yio
évav modnTikd avapetaddtn (passive transponder), n xpnon Tov omoiov £kave pia.
nopTo. va avoiysl yopig v VmoapEn kAewov. Mo kApTo pE EVOOUATOUEVO
AVOUETAOOT EMKOVMVOLGE UE Evav avayvdotn (reader), mov Bpiokdtay Kovtd otny
nopta, oTEAVOVTAS Tov onpate LEc® padtokvpdtov. Otav o avayvaotng evtomle
évav €ykvpo aplBud mov Ntav amobnkevpévog oty RFID gtucéta, 10t1e Eexheidwve
™V mopTO.

H wvBépvmon tov HITA evdwapepodtav kot avtqy yw to cvotiuate RFID.
Koatd ™ dexoetia tov 1970, 1o Tpuqua Evépyelag tov HITA, (ftnoe and to EOvikd
Epyaotipio tov Aog Akopog vo avomtvéel €va GUOTNUHO. YL TOV EVTOMIGUO
padLEVEPYDV VAMK®V. Mio opddn emMOTNUOVOV GKEQPTNKE VO EIGAYEL OVOUETAOOTEG
OTO POPTNYQ KOl OVOYVAOOTEG OTIG TUAEG TOV £yKaTAoTAcE®V acpoieioc. H kepaia
otV TOAN Ba «Eumvovoe» Tov avapetaddTn 6To PopTNYO, 0 onoiog Ha amaviovce e
éva Lovadtko avoyvoplotikd (ID) kot evdeyopévag pe kamota emmAéov dedopéva (my.
NV TOVTOTNTO TOL 001Y0V). Ol EMOTAHUOVES TOV EPYAGTNKAV GTO TPOYPOUUO OVTO
onpovpynoav oK) toug gtarpeio Kot ota péca g oskaetiog tov 1980 avémtvéav
€V0L  OUTOUATOTOUNUEVO GLOTNUA TANPOUNS dwdlwv. Ta ocvotjpate  avtd
YPTCLOTOLOVVTOL TAYKOGHIMG HEXPL KOl GUEPD GE OPOLOVGS, YEPLPES KOl TOOVEA.

To Epyactipo tov Aog Alopog avérafe emiong v avdmtuén piog
nabntikng etikétag RFID (passive RFID tag) mov xpnoiomolovoe padtokOUoTo 6
ovyvotnteg UHF (Ultra High Frequency: 300MHz — 3GHz), votepa and aitnuo tov
Tunuarog N'ewpyiag tov HIIA, v tov eviomiopd ayerddwv. To mpdfinua ntav ot
oTIg ayehdodeg yopnyovoav opudves Kot @appoka 6tav avtég appootowvay. Hrtav
OUMOC OVGKOAO VO GIYOLPELTOVV Ol KTNVOTPOPOL OTL 6€ KAOE ayeddon d0ONKe 1 6OGTN
ToGOTNTO Kot Oyt dSumAn d6om Katd AdBoc. Mepikd ypdvia apyodtepa, GALeG eTanpeieg
avéntuéav cuothuoTo younAng cvyvotntog (125 kHz), mov sunepieiyav pikpdtepovg
oe péyebog avopetaddtes. ‘Evag avapetaddtng, mov Moy KAEIGUEVOG HECOH OF
UIKPOGKOTIKY] YOOAVT] KOWYOLAQ, TOTOOETOOVTAY KAT® amd TO dEPUA TS AYEAEONG.
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Ot avopetaddteg YopmAng ovyvotntog tomobetOnkav emiong oe kOpteg Kot
YPNOLOTOLOVVTAV Y10, TOV EAEYYO E1GOJ0VL GE KTNPLOL.

2.3  H &&één tne teyvoloyios RFID

Me 10 mépacpa TV YpOVOV TOAAEG ETALPEIES EUTOPEVUATOTOINGAV TO. GUCTHLLOTO,
yapnAng ovyvotntog (125 kHz) kot émerto dpyioav vo kdvouv ypnomn 1oV PAcUOTOS DYNAMY
ocvyvotntov (13.56 MHZz), to omoio fTov aypnolonoinTo 6t TEPIGCATEPA LEPT) TOV KOGLOV.
H vynAn cuyvotnto Tpoceépel KAALYT LEYRADTEPTG OTOGTAGTG KAl YPTYOPOTEPT LETAPOPA
dedopévav. Enuepa, to RFID cvotyuata tov 13.56 MHz ypnoyomowobvtal oe eAéyyovg
TPOGPUCNG, GE CLOTHUATO TANPOUDV, GE «EEVTVES) KAPTES TOV OEV AMALTOVV GUEST ETOPT
LLE GLOKEVT KOL GOV AVTIKAETTIKEG CUGKEVES OLVTOKIVI|TMV.

2115 apyég g dekaetiag tov 1990, or unyovikoi ¢ IBM avérntuéav €va cvatnua
RFID o¢ cuyvotnteg UHF. Ot cuyvotnteg avtég, map€youvv HEYRADTEPN OTOCGTUCT] AVAYVMOTG
OV QTAVEL PEYPL Kal To. 6 UETPO LE €VVOIKEC oLVONKEG, OMMG emione KAl ypnyopoOTEPN
petapopd dedopévav. H UHF RFID texvoloyia evioyvbnie onuavtikd to 1999, 6tav dvo
kanyntég and 1o Ivotitovto Teyvoroyiag e Macayovsétng (MIT), o David Brock kat o
Sanjay Sarma, e&étaoav 1o evdgydpevo g tomobétnong etiketdv RFID youniod kdoToug o
O\, To. TPOTOVTA, IE GKOTO TOV EVIOMICUO TOVG GE OTMOLOONTOTE GNUEID TNG EPOOINGTIKNAG
olvoidag. H etkéta Oa d1€0ete povo Evav oeplokd aptBpod pe oxomd ) Ueimon Toug KOGTOVG
¢ Toa dedopéva Tov GUVIEOVTOV e TOV GEPLOKO aptOpd g eTikétag Oo amodnkevoviay o
o Béon dedopévav mov Ba HTav TPOSTEAAGIUN HEGH TOV SLUSIKTVOV.

Ot Sarma kot Brock, ovciootikd dlha&av tov TPOMO TOL XPNOUOTOLOVVTAY M)
teyvoroyio RFID otnv gpodiactikny aivcida. I[Iponyovpévac, ot eTIKETEG OTOTEAODGAV (L0l
Kivnt Pdon dedopévev Tov HETEQEPE TANPOPOPIES Yo TO TPoldv To omoio cuvddeve. Ot
Sarma xot Brock g&éMEav v teyvoloyio avtr o€ po texvoloyio diktdov, pe ) dtuohvoeon
TOV OVTIKELEVOL 6TO S10diKTLO, SLOUEGOL TG ETIKETOC. [0 TIG EMLYEPNOELS, TO YEYOVOG AVTO
OTOTEAECE UI0L UEYOAN Kol 10100TEPO OMNUOVTIKY OAAayT], O10TL TAEOV O KOTOGKELUGTNG
UTOPOVCE VO EVILEPDCEL QLTOLOTO VOV EMAYYELULOTIKO GLVEPYATY| Yo TO TOTE €va, (OPTio
€pevye amd TIG EYKATOOTAGELG TOL N TNV amodnkn. Me T c€pd Tov 0 £UTOPOG AOVIKNG
UTOPOVGE VO EVIUEPDGEL AVTOUOTO TOV KATAGKEVAGTN TOTE Kol ol Tpoidvta mapélafe. [3]
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3 H teyvoioyia RFID

Y10 Kepdrowo 3 Oa yiver pa meprypoer] g TEXVOAOYIOG OUTOMOTNG
avayvoplong kot gtkdtepa g texvoroyiog RFID. IMapovsialovtorl ta cuotatikd
nov amotehovv éva RFID cvotua kot meptypdeetal o tpoémog Aettovpyiag Toug. Zn
OCULVEYELDL OVOPEPOVTOL Ol GLYVOTNTEG AETOLPYIOG TOV GLOTNUATOV OVTOV, T
TPOTLTTO, KOl TO TPOTOKOAAD OV aKoAovBOVV, divoviag EUPAcT 0T0 TPWTOKOAAO
EPC Gen 2, 10 omoio kot ypnowomoteitar oty cvykekpiuévn epyacio. TELog,
avaeEpovtol ot dtapopes xpnoelg g texvoroyiog RFID oty kabnuepvoétnta tov
avBpamov.

3.1  IHeprypaopn

3.1.1 Avtéuarny Avayvaopien (Automatic ldentification)

O 6pog «Avtouatn Avayvopion» (Automatic Identification) ypnoponoteiton yio va
TEPLYPAWEL OAEG EKEIVES TIG TEYVOLOYIES TTOV £XOVV GTOYO VA fondfcovv o PYoviLOTO GTO
va ovayvopilovv avtikeipeva. H Avtopotn Avayvopion ocvyvd ocvvovaletor pe tnv
ovtopaTn) ovAroyn dedopévev. Ki avtd yati ov etaipeiec embBopodv va avoayvopilovv
OVTIKEIHEVA, VO AVTAODY TANPOQOPIEG GYETIKA LE OLTA KOL [LE KATOOV TPOTO VO, LETAPEPOVY
T 0edOoUEVa GE EVOV MAEKTPOVIKO VIOAOYIOTH YOPIg va eivarl avaykaio 1 vrapén Kdmolov
VTOAARAOL Yoo TN SlodKacio. LT, ZKOTOC TOV TEPICGOTEPOV GUOTNUATOV CVTOUNTNG
avayvoplong etvar m avénon g amodoTkdHTNTOS, 1 HEIMON TOV GPOAUITOV KOTE N
dlod1kacio 160 y®YNG OEOOUEVAOV KAl 1] KAADTEPN AEI0TOINGT) TOV EPYUCIHKOD TPOGHOTIKOD GE
O eMOWKOdOUNTIKEG epyacies. O teyvoloyleg TOV aviKoLV GTNV Kotnyopio TG AVTOUTNG
Avayvopiong eivar bar codes, «é&umveg kaptegy (Smart cards), avayvopion eovng (vVoice
recognition), omtikny avayvopion yopoktipov (optical character recognition) xai 1
aVayVOPLoT) LECH POSLOGUYVOTHTOV.
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3.1.2  Avayvaopien Méew Paodrocvyvoritwy (Radio Frequency ldentification)

O 6pog «Avayvopion Méow Padiocuyvotritovy (Radio Frequency Identification 1
RFID), avagépetal ot teyvoloyieg €Keiveg TOL KAVOLV YPHON PASIOKVUAT®V Yol TNV
avayvoplon avipOTemv 1 aviikewévoy. Yrapyovv dtdeopot uébodol avayvopiong, oAAd 1
mo oladedopévn elvar 1 amobnkevon evog celplakod apliuov, evdeyopéveog Kot GAA®V
TANPOPOPLDV, GE VO, IUKPOTGIT TO 0Toi0 €ivol TPOSKOAANEVO GE pia Kepaio. To o1 avtd
og ovuvdvoopd pe v Kepaia, amotelovv tov avapetadoty RFID (RFID transponder) W
arlwg v etikéto RFID (RFID tag). H xepaio gvepyomolei 10 KpOTOIT Vo eKTEUWEL TV
TANpoopio avayvodplong os Evav avoayvaootn (reader).[1][5]
21N CUVEYELD, O OVOYVAOOTNG LETATPENEL TAL PASIOKVUATH TOV d&yeTon amd v etikéta RFID
0€ YNOLOKN TANPOeopia 1 omoio Umopel e1coydel 68 VTOAOYIOTEG Y10 TEPALTEP® YPNOT Ko
eneEepyocia.
‘Eva ovomua RFID epgaviletor oty Ewdva 3.1 mov akolovbei:

Components of an RFID System

INTERNET

TAG READER DATABASE OTHER
(embedded In label) DATABASES

Eiwxova 3.1- Lvoratikd evog ovetijuarog RFID

3.2 ZXyeodwacuos cvernuatwyv RFID

3.2.1 FEmuxkéres (Tags)

‘Eva ovomua RFID ypnoipomotlel  etiké€tec mov  elval  mPOGKOAANMEVEC N
EVOOUATOUEVEC GTO OVTIKEIIEVO TTPOG avoyvapion. 'Emeita évag mopmodéktng padioKuHAIT®V,
oV ovoualetor avoyvootng (reader), otélvel éva ofuo otV eTikéta Kot Aapupaver/dapdalet
NV «OmévInon» Tg.

Mua eticéto RFID pmopei va givar mabntikn| (passive), evepyn (active), 1 mabntikn pe
vrofononon uratopiog (battery-assisted passive). H evepyn etikéta dtobétel evompatmuévn
L0 UTOTOPi0 KOl TEPIOOKA EKTEUTEL TO AVOYVOPLOTIKO TNg onua. H mabntikn etkéta pe
vrofondnon umatopiog £xel EVGOUATOUEVN O JIKPN UTatopio Kot gvepyomoteitar udvo
OTOV TOPOVOINOTEL KATOW0G ovayvaotng otnv eupéreld me. H mabntkn) etwéta eivor
@OnvoTtepn Ko 1 pikpoTepn o€ péyebog, kabmg e drabétel umatapio. Avt’ avtov, N ETIKETA
YPNOUWOTOLEL TNV EVEPYELX OO TO PASLOKVLOTO TOV EKTEUTEL O AVALYVDGTIG.

Ot etikéteg pmopei va mpoopilovtan eite povo yo avéyvoon (read-only), gite kot yo
avayvoon ko yio gyypagn (read/write). Ot etikéteg mov eivar udvo yio avayveon, Exouv
TPOEYKATEGTNEVO OO TOV KOTAGKELOOT £VOV GEPLOKO 0pldUd OV YPNCLUOTOLEITOL MG
«hedi» oe o Paon dedopévav. Ot eTIKETEG TOL EIVOL KOL Y10, AVAYVOOT] KO YL0. EYYPOon,
umopovv vo. dexbovv tpomomoinon tv dedopéveov Tovg and tov dayeplotn tov RFID
GUGTNHOTOG,.

Institutional Repository - Library & Information Centre - University of Thessaly
19/05/2024 15:17:15 EEST - 18.222.119.227



O etikéteg RFID amotelovvtar and TovAGyIGTOV VO UEPTM: €va OAOKANPOUEVO
kOokAopo (integrated circuit) wor o xepaio (antenna). To oAoxkAnpopévo KOKA®UO
YPNoWomTotleital yoo omofnkevon ko emefepyacio TANPOQOPING, Yl TPOGUPHOYN TOL
onupatog padocuyvotntag, yio cvAroyn ™ DC 1oyxbog amd to onua Tov avayvdcTn Kot
dAheg eEeducevpéveg Aettovpyies. H kepaia ypnopomoteiton yior v AMym Kot TV EKTOUTN
Tov onuatog. v Ewdvo 3.2 mapovoidlovtal ta €101 TOV ETIKETOV OV avopEpONnKay
TPOTYOVUEVOG:

Eiwxéva 3.2 — Passive Tag (apistepa), Active Tag (kévzpo), Battery-Assisted Passive Tag (d&cia)

3.2.2 Avayvaereg (Readers)

‘Evag avayvdotg RFID exnéunet évo k@ducomompuévo oo HEC® padlocuyvOTNTOS
ue oxomd v avoyvopion g etikétag RFID. H etikéta pe ) ogpd e, Aapfdvel to pivoua
KOl omavTael oTEAVOVTAG TNV ToVTomoinon Kot mlavmg emimhéov mAnpoeopiec. H amdvinon
ot umopel va wepthapuPavel povo Evav povodikd celploko aptiud, 1 kot TANPoeopieg mov
oyxetiCovion He TO OVTIKEIPEVO, ONMMOC KWOIKOG TPOIoVTOG, Ovopa, aplBudg cLVOAOL
TOPOYWOYNS, MUEpOUNVia mapaokev/ANENG, kTA. To yeyovog otL ke etikéta dabétel Tov
OO NG HOVOSIKO aptBpd, KAVEL TOVG OVOYVAGTES VO ITOPOVV VO aVOyVOPICOUY TOALOTAES
ETIKETEC TAVTOYPOVA, OTAV aVTEG Ppefovv oty euPéreld Tovg.

O1 avayvaoteg daywpiloviar o otabepotc kot kivnrovg (Ewova 3.3). Ot otabepoi
OVOYVOOTEG UTOPOVV Vo gyKataotafodv 6€ cuyKekpluéva otobepd onpeia, 00TOG MOTE va
dnuovpyeitar po eheyydpevn {ovn avdyvoong etiketdv. Ot Kivntol avayvdoeTteg, Uropel va
elvar xelpdc, eMOUEVOC EDKOAO LETOPEPCIUOL, | VO €yKaBioTavTal 68 aLTOKivITa KOt GAA
oy LLOLTOL.

Eiwéva 3.3 - Zrabspis RFID Reader kot kepaia(apiorepd), RFID Reader yeipdg (deéid)
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3.2.3 2vyvornyres RFID

Ta ovomjuota RFID pmopodv va Agrtovpyncovv oe pio omd 115 akdiovbdeg
ovyvotnteg: yoaunAn ovyvotnro (LF — Low Frequency), vynmin ovyvomra (HF — High
Frequency) ka1 moAd vynin ocvyvomro (UHF — Ultra High Frequency). Ta padiokopozo
GUUTEPLPEPOVTOL SLOPOPETIKA € KAOE Ll amd ALTES TIS SLYVOTNTEG Tapovoldlovtag Kdmoia
TAgoveKTNUOTO KO petovektnpora. [4]

e  Xounin Xvyvotnro (LF)

H {ovn younAdv cuyvothtev KOADTTEL GLYVOTNTEC TOL Kupaivovtol and 30
KHz éw¢ 300 KHz. Ta LF RFID cvotijuota Asttovpyovv cuvibog oto 125
KHz, av kot vdpyovv pepKd cuotiuato mov Asttovpyovv ota 134 KHz.
Avt 1 {@Ovn cuyxvotNTeV TopEYel pukpn eRPErela avayvmong, Tng TaENg Tov
10 cm, ko &yl WKPOTEPT TAYVTNTO AVAYVOGCNC OO TIG VYNAEG GLYVOTNTEC.
Qot6c0, N {OVN YOUNAD®V GCLYVOTNT®V GUUTEPLPEPETOL KOAVTEPO OF
TopEUPOA EUTOSI®V OVAUESH OTNV ETIKETO, KOL TOV OVOYVOOTH. XTIG
EPUPUOYES OV YPNOLLOTOOVV TIG YOUNAES GLYVOTNTES, TEPAaUPEvovTaL
eQopOYEC EAEYYOVL TPOSPaong kol evtomiopog Cowv. Ta mpdtoma yo v
avayvoplon ot YounAés ovyvotnreg, opilovtar ot mictomowmoelg 1SO
14223 ko ISO/IEC 18000-2. To kdot0g TV LF gtiketdv kopaivetor peta&d
50 cents kot $2.

e  Ywnig Xvyvortnto (HF)

H {ovn vynAdv cvyvotitov kopaivetor and 3 MHz éog 30 MHz. Ta mo
moAd HF RFID ocvomupota Asttovpyovv ota 13.56 MHz pe epuPéieteg
avayvoong ond 10 cm éwog 1 pérpo. Ta HF ovotiuata eivor apketd
evaicOnta oty mopepPorn eumodiov, evd TOPoLGLALOVY MO YPYOPOVG
puBpovg petapopdg dedopévav. Ta HF RFID cvotiuata ypnoiomolovvton
Kuplg OTIG TANPOUEG EICITNPIOV KOl GE EQUPUOYEC LETAPOPAS OEOOUEVMV.
Ymhpyovv apKeTd TPOTLTO OVAYVAOPIONG GE LVYNAEG cuyvotntes. 'Eva oamd
avtd eivar to 1SO 15693 yia tov evromioud aviikeypévav kot to ECMA-340
kot ISO/IEC 18092 yia v teyvoroyia NFC (Near Field Communication).
Al mpodTLTA. VYNAGY cuyvothtov mepthoufdvouy to ISO/IEC 14443,
ISO/IEC 14443 A ko JIS X 6319-4, ta omoio ypnoipomolodvrat 6 «EEVTVES
Kaptegy (smart cards) kot o€ nAekTpovikég kapTeg cuvolhaydv. To KOGTOC
tov HF gtiketdv xopaiveton peta&d 50 cents ko $2.

e IIoi0 Yynii Xvyvotnro (UHF)

H UHF {ovn ovyvotitov xvpaivetor amd 300 MHz éwg 3 GHz. Ta
ocvothuota  ov  akolovbobv to mpoétvmo UHF  Gen2 vy RFID,
ypnoponoovy tn Covn petald 860 xor 960 MHz. Ta UHF Gen2 RFID
GLOTHLOTO OTIG 0 TOAAEC YDpeg Agttovpyotv peta&d 900 kot 915 MHz.H
eupéretn avayvaong tov UHF cuotqudtov propei vo ptaoet péypt Kot to
12 pétpa, evd to cvotnuate ovTd d1aBéTovy YPMYopoOTEPOLS PLOUOVG
petapopdg dedopévov amd ta LF xor HF ocvotiparta. Eriong, eivar ta mo
gvaicOnto omv mapepPorn eunodiov, ®cTOGO 01 KoTaokevaotég Tov UHF
RFID ovomudtov £ovv  avakaAvyel TpOTOLS GYESICHOV  ETIKETMV,
KEPALDY KOL OVOYVOGTOV TOV SlOTNPOVV TIG EMOOGE G VYNAAQ emimeda
aKopa kol 0tav ol cvvinkes oe éva mepdriov etvar dvokores. Ot moAd
VYNAEG GUYVOTNTEG YPNOLLOTOIOVVTOL OE EQOPUOYEC TOV GYETI(OVTAL UE TNV
KOTOYPOQN EUTOPEVUATOV AlOVIKOD gumopiov, TV acVppatn pvouon
CLOKELAV, TNV OmOPLYN Tapomoinons eopudkov, kth. To zmpdTLTO
EPCglobal Gen2, givor to povadikd npodtvno yuo tig UHF ouyvotnteg, pe
motonoinon ISO 18000-6C. To npdtuvmo EPC Gen2 ypnouomoteitoan otnyv
EQOPUOYN TNG TOPOVOAG OUTAMUATIKAG Kol TEPLYPAPETUL TopaKatw. To
k60106 Twv UHF etiketdv xopaivetor  peta&d 5 won 15 cents.
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3.3 To mpwroxoiio EPC Gen 2

O 6pog EPC Gen 2 givar ovvtopoypagpio yio tov titho EPCglobal UHF Class 1
Generation2. H ovvtopoypoaeio EPC meprypdoer tov HAektpovikd Kwdwd IIpoidvroc:
Electronic Product Code (Ewovo 3.4). To EPC aviikatéomoe TOoV ToyKOGUIO K®OIIKO
npoiovtog Universal Product Code (UPC) mov Ppiokotov e TOMES ETIKETEG AVTIKEIUEVOV
Kot omoteAovvTay and £va ohvoro aplbudv oe cvvdvooud pe éva barcode. OvolooTikd T0
EPC amotelei to 160d0vapo tov UPC yia v onuepivi] avayvmpion Tpoioviov Ue T xpnon
g teyvoroyiag RFID. O Hlektpovikdc Kwdikog TTpoidvtog amotereitar amd 96 bits ko
dwywpiletal og Téooepa dlakprtd media:

e Emxkegorida (Header): 8 bits mov mpocdiopilovv ) dour| tov
akoilovBovpuevav apBudv Tov EPC

o  Awyepromiic EPC (Domain Manager): 28 bits nov tpocdiopilovv v
gropeia TV ovToTNTa oL dtaEPileTOn TOVE KOAOVOOVEVOVS ap1lOLLOVG.
Yuyvd, To TEdI0 0VTO, OVAPEPETAL GTOV KATUCKELOGTN TOL TPOIOVTOG.

e Kldaon tov Avrikeuévov (Object Class): 24 bits mov ypnouonotovvral yio
TNV aVOyvVOPLoT oG KAAONG OVTIKEEV®Y, 1] oTtoio amoteAel £va GhVOLO
ond TpoidvToa.

o  Xaipraxkog ApOudg (Serial Number): 36 bits mov amotedovv 10 povadikd
AVAYVOPIGTIKO TOV TPOcdopilel TO aVTIKEILEVO

Electronic Product Code
01.0000A89.00016F .00169DCO
Header Domain manager Object class Serial number
8 bits 28 bits 24 bits 36 bits
Determines Identifies the Used to identify Unique object
the structure company or entity an object class, identification
of the following responsible for which represents
series of numbers  maintaining the a group of products
subsequent numbers

Eixova 3.4 - Electronic Product Code (EPC)

H EPCglobal eivor pia ovidoyikn dpdon mov omotedeiton amd maykdouove, un
KePOOGKOMIKOVG opyaviopos (GS1) kot €xel cav otdOY0 TNV avVATTLEN KOl TN GUVTHPNO
TPOTOTI®V Y1 TIG 0AVGideg epodiacpot kot (Rtnong. H GS1 cuvepydletan pe opyaviopode
Blounyoviog, kKvPepvnoelg Kol wapodYovg TEXVOAOYinG Kot ovoAapPivel vo KoAOWEL Tig
avAYKEG TOLC LE TNV VI0OETON KoL TNV VAOTOINON TAYKOC UMV TPOTHTWOV.

Mia ond 11g amootorég tng EPCglobal ftav va amhomomoet to TpoTOKOAAL TOV
emkpoTovoay otig teyvoroyieg RFID katd tn dekaetia Tov 1990. ‘Etot, to 2003, opiotnkav
dvo «diemapéc aépaxy (tag air interfaces), mov oamotédecov Ta TPOTOKOAAG Y10, OVTOALOYN
TANPoQOpiog avAUESH GE [0 ETIKETO Kol GE €vay avoyvadotn. To mpoTtoKoAla avtd, TOov
gywav yvootd og Class 0 kot Class 1, yvopioav peydin epmopikn gpoppoyn and to 2002 o
t0 2005.
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To mpoétuno EPC Gen 2, éywve dekto kot epappooctnke tov Asképppro tov 2004 won
Ue kamoleg WKpEG Tpomomotnoclc, viobethnke wg ISO 18000-6C to 2006. To EPC Gen 2
opilet T1g PuoiKég Kol Aoykég amantioelg mov ypetdletor éva RFID cvompuoa (RFID Gen 2
Reader, EPC global tags) yio vo Aettovpynoel oto €bpog cvyvotitov 860 MHz ~ 960
MHz.[6]

3.4  O1dwapopes ypnoeis tys texvoloyios RFID

H teyvoroyio RFID éyel evoopatmbei ko epapuoletol oe ToAAOVG TOUEIG TNG KaOnpepvig
Conc tov avBpdmov. Mepikoi and avtovg gival:

e 'Eleyyog mpdcfaong o KTpla 1] EYKATOOTACEL

e Evtomopog kot avoyvopion ovVTIKELEVOY

o Evrtomoudg kot avoayvopion atopmv kot {owv

o IIAnpoun 510dimv Kot TANPOUES YOPIG AUEST) ETAPT] CLOKEVOV/KAPTHOV
o Topéag vyeiog (voookoueio, papuakofopnyovies, KTa.)

o Topfag eknaidevong (oyoieia, TOVETIGTALL, povoeia, KTA.) [2]

e  AOMnTIoNOG Kot oTop
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4 ALyoprBuor vpeong
CUVTOUOTEPOD

HOVoTTaTION

210 Kepdhato avtd Ba yiver n meptypaen kot 1 peAétn tov odlyopiBuwv mov
YPNOUOTOLOVVTAL Y10, TNV EVPEGT TOV GUVIOUOTEPOV HOVOTOTION G€ £va diKTLO Ao
KOUPOLS Kot OKULES.

4.1  Eweayoyn

Ot aly6piBpoi kot ot puéBodoL Yo TOV TPOYPAUUOTIGUO MO dladpouns o€ dlktva
UETAPOPAOV £YOVV VTOGTEL paydaio avarntvén ta teAevTaia Xpdvia, YEYOVOS TOV 0ONYNOE OTNV
onpovpyio. pebddwv ot omoieg givarl péypt Kol €vo EKATOUUDPIO YPNYOPOTEPES Ond TOV
aAyopiBpo Dijkstra mov viomomOnke oty TopoVGH SUTAMUOTIKY.

4.2  2ratikny opouoioynon

Oewpeitar évo katevBovouevo ypaenuo G = (V, E) ue n kéuPfovg koaw m = O(n)
axpéc. Mia axun (U,v) dwbéter to un apvntikd Papog w(u,v). Tkomog givar va Ppebei to
erdyoto Papog d(s,t) yia omorodnimote povomatt peta&d evog apyikod KOuPov S Kot evog
KOUPov Tpoopiopov t. XNy otatiky Spopordynon, ta Pépn TV aKp®V Topapévouy otadepd,
TPAyHo ov  €ivol AoykO TPOKEWEVOL Vo yivouv KdAmolol apykol VTOAOYIGUOl, V.
amoOnNKeVTOVV To OMOTEAEGHATA TOVG Kol Vo YIVEL ¥pron NG TANPoPopiag auTAg Yo va
emroyvvBel  dadikacio ovalymonc. [10][11]
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4.3  AlyopiBuor

4.3.1 O adyépibuoc Dijkstra

O Khooo1kdg alyoplOlog Yoo ToV GYESIGUO OPOUOAOYNONG O 0moiog VAOTOWONKE
Kot o€ ouTV TV gpyacio .OQswpeitor éva ypapnua G(V,E), énov V 10 chvoro tov kouPfwov
0V Ko E 10 60VOAO TV akp®dv tov. Emiong, Oswpeiton o cvvéptnon apovg w : E—R* U
{0} opiopévn otig axpég Tov Ypaeov. Avtd onuaivel OTL Yo TV petdfaor amd Evov kOppo
ToL YpAeov oe évav GAlo, Ba vmdpyel kdmolo k6cTog. Av To. Pdpn eivor apvnTikd o
aAyop1Opog eMOTPEPEL LOVOOCUEVO OTOTEAEGLL.

O oAyopBuog tov Dijkstra Bpicket ta povormdria mov mpénet va akorovdndody and
évav kOpPo-apetnpio TPOg TOVG VIOAOUTOVS, MGTE Vo eMtteVyDel To AydTEPO dLVATO KOGTOC.
o ™ Aertovpyio. Tov aAyopiOpov, oe éva davooua d[] peyéboug V| = n amobnkeveton
N UEYPL TOPA VIOAOYIOUEVN amdoTaon TV kOpPov amd v aeempio. Koatd v
apykomoinon, ot amootdoelg onueidvovtar d[s] = 0 ko d[v] = +oo i kGbe V£S, dmov S
elvar o kopPoc-apetnpia. EmmAéov o akydpiBuog dwoutnpel po ovpd wpotepardtnTog Q, yio
v eneepyacio TOV KOUPOV TOL YPOPNUOTOC GTN GMOCTH GEPH, Kol Vo, GOVOAO S, 10
GLVOAO T®V KOUP®V Yot TOLG 0Toiovg 0 aAydpBuOC €xet Bpet TV eAdyiotn dadpopn. Znv Q
gledyovTor 6ot ot kKOuPol Tov Ypaenuatog pe kAewi v tiun d[*], eved to obvoro S givar
apyikd kevo. TéLog, o adydpiOpog ypnotpomotel £va akoun didvoopa, to prev[], peyéboug n,
070 omoio Yo kGOe KOuPo U amobnikedeTol 0 apECOS TPONYOVUEVOS KOUPOG 0TO EAdyIOTO
povomdtt pog tov U. Metd v apytkomoinon T@v doUdV Tov YPNCULOTOLEl, 0 aAlyoplOpog
e€ayet amd v Q Tov KOpPo X pe to ehdyioto d[*] ko Tov e16dyEl 610 GHVOLO S. T0 TPMOTO
Brua, yo Topadetypa, Ba e&dyel tov kOuPo-apetnpia S, agov d[s]=0 evd 6Aot o1 vdrourot
kopPot éyovv dmepo d[*]. T kabe yeitova Y (Tov X) mov dev avikel 6to civoro S, av d[y] >
d[x] + w(x,y) tote evnuepmvel to d[y] kataywpodvtog tov v T d[xX] + w(X,y) kot 6étet
prevly]=x. Aniadn, av o alyopiBuoc voroyicel éva eAappOTEPO (00 TO 101 VITOAOYIGUEVO)
povomdtt yio ov kKOpPo Y, tote onuedvel 1o k6otog Tov (d[Y]) kot Tov apéowng Tponyoduevo
KOuPo Tov véou vroloytopévov povorotiov (prevly]). Me v aiiayr tov d[y] aAlalet konn
0éon tov KkOuPov y omv ovpd mpotepadTag Q. [N v okpifeln, peyaidver m
TPOTEPALOTNTA TOV Y, apov KkdBe véa T tov d[y] eivor mhvta wkpdtepn omd ™V
TPOTYOOLEVT]. APoD 0 0AYOPIOUOG eEETAOEL OAOVG TOVG YEITOVEG TOV X TOV OEV OVIIKOLV GTO
oOvolro S, elodyetl 610 S Tov KOUPO pE T0 EAdyioto d[*] amd dhovg boovg dev avikovy 610 S.
‘Emerta, o adyoplOpog emAéyel mdAL TOV TPMTO GE TPOTEPALOTNTO KOUPO amd TV ovpd Q Kot
emovalopPavel ta Prpotoa avtd péypt va adedoet 1 Q. Otav miéov n Q Ba €xel adeldoel, o
alyopOpog Ba Exel Ppel Tor EAGIGTO, LOVOTTATIOL 0O TOV KOUPO S TPOg TOVG OAOVG TOLG
VIOAOOVG Kot To. KOoTn Toug. O akydpiBpog eivar dmAnotog (greedy): oe kdbe Prpa,
e€etalel povo Toug Yertovikovg evog koppov (tomkdtnta). Bpickel Tov kd6pufo yio tov omoio
€xel VTOAOYIoEL TNV EAGYIOTN OLOPOUTN KOl TOV EIGAYEL GTO GUVOAO S, ¥PNGILOTOIDOVIOG
TANpoQopieg amd Tponyovueva Pripata (ovvBeon). 1o 1€A0g divel Eva amoTELEG O Y10 OAOVG
TOVG KOUPOLG.

H ypovikn moAvmAokdtnta Tov aAyoplOpov TOKIAAEL avAAOyo, LE TOV YPAQPO Kol
TIG OOUEG OESOUEVMVY TTOV YPNCULOTOLOVVTAL Y10, TV VAOTOINGT TOV. XT1 YEVIKT TEPITT®ON, O
aAyopBpog yperaleton ypovo O (V| m + (|V] + [E]) k), 6mov V 10 6dvoro tav koupav, E to
GUVOAO TV OKUOV TOL YPAeov, m o ypdvog mov ypelaletor yoo v €€aywyn Tov Un-
eneepyacpévon KOUPOL pe TNV EAAYIOTN ETIKETA ATOCTOONG Kol kK 0 ypdvog mov yperdletan
Yoo TNV oAAOY] NG ETIKETOG OMOCTOONG. XTNV WO OfMAY| TEPIMTOON Omov Ol Un-
eneepyacpévol kOpPor amobnkevovial o o AMlota 1| 6€ évav Tivaka, 1 avalnTnon Tov
OTOYEIOL HE TO HIKPOTEPO KAEWT yiveton ypapukd, eEetdloviog éva mpog Eva OAo To
ototysia. Emopévog, 1 ypovikn molvmhokdtro tov adyopibuov sivar O(|V|* + |E[) = O(V]).
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O ypévoc avtdg pmopel va petmbel Kt GAAO pe TN XpMoN LG OVPAG TPOTEPULOTNTOS Y10, TV
amobnkevon tov KOuPwv mov eivar un-emegepyacuévol. o mapdaderypa, oty mepintwon
LL0G VAOTOINGNG OVPAG TPOTEPOLOTNTOS UE SLASIKO cwpd, N eEaymyn eAdyIGTOV GTOLXEIOV
Kot 1 oAAayn Tov KAEW100 evog atotyeiov maipvovy ypovo O (logn), émov n 1o mAnbog twv
otoyeiov Tov cwpov. ‘Etol 1 molvmlokdtnta tov adyopibuov pewdvetor og O ((|V| + |E|)
log|V]). T apatovg ypdeovg n moAvtiokdtta avaystol o O(|E|log|V]).

4.3.2  Tpomomoinuévog alyopiuog Dijkstra

v mhonynon oynudtov dev givol amapaitntn n e0peon g PEATIOTNG S10POUNC
amd tov kOpuPo ekkivnong mpog 6Aovg Tovug KOPPovg Tov 001KoD dkTHoV. O ahyoptOpog
Dijkstra umopei vo tpomomoindei éto1 dote va tavel og tepuatiopd otav Bpebei o kdpuPog
npoopiopov. [Ma vo yiver autd ypnoyomoleiton por SmAd dacvvdedepévn Alota. Kdabe
KOUPoc ot Alota avTh, €xel évav SelKT TPOG TOV TPOYOVO TOL Kol VAV 1] TEPLOCOTEPOVS
OglkTeg mMPOG TOVG OmMOYOVOLG TOL 1 TO Kevo. Emiomg, yivetar ypriom pog cuvaptnong
a&loAoynong (ovvéptnon KOGTOLS) Yoo TOV VROAOYWOHO ¢ a&lag kabBe koépfov mov
onuovpyeital. H ovuvaptnon avtr, katevdovel tov adyoplBpo dcte vo avalntioel Tpata
ToVG KOUPOVG OV BePOVVTOL TTO KATAAANAOL Yio va odnynOel o PEATIoT Adon. [ Evav
Koupo N n ovvapmon a&oroynong opiletar og g(n), 6mov g(n) eivar to péTpo TOL
TPOYUATIKOD KOGTOLG NG HETAPaomg amd tov Tpéyovie, kOuPo mpog tov kouPo n. O
kafoplopds ™ ovvaptnong efaptdtor omd TO OYEJNOTH TOL ovothuotos. Katd v
extéheon Tov aAyopifuov petatpémetor kKabe kOpPog og po doun dedopévav Tov deiyvel
otov endpevo kKOUPo o€ po amd Tig dvo cuvdedepéves AMioteg, Open kot Closed:

e Open: Aloto xOpPwv mov €xovv emokeebei aAld dev €yovv mapaybei OAor ot
andyovoli Tov
e Closed: Liota kOuPwv mov dev Exovv emokePel akopa

O alyopBuog Bo Ppel ) Pértiom dedpopn amd po SOoUEVN QQETNPI0 TPOG Evav
d0GUEVO TTPOOPIGHO. ZTOV 0AYOPIO0 avTd eAEyyeTal Yo TOV KAOe amdyovo av Ppicketon oM
otn Aota Open 7 Closed, yw va amopevyfei n mepintoon katd v omoio £vag kOufog
epeavifetor mapomave amd ue eopd. Eivar mbavo mepiocdtepeg amd pia Sodpoués vo
@TévouV GTOV TPoOPIGUO depydpeveg and tov 1010 kOpPo 1 dwoctavpwon. To yeyovog o0t
évag kouPog umopel va €xel dlomepaoTel TEPIOCOTEPEG OO L0, POPEG KOTA TN SLAPKELL TNG
avalnnong, Leta@paletal 6ToV TPAYLOTIKO KOGUO MG 1) VIpEN TOAAATAGY SL0dpOUdY TOV
umopel va diépyovrat amd Evav 0d1ko kopPo. Mia amd Tig Stadpouéc avtég Ha £xel T0 eEMdyIoTO
KOGTOG.

Apyca n AMoto Open mepiéyel povo tov kopPo apetnpiog S pe undevikod kooetog g(s),
1N Aloto, Closed givat ddeta kot ta k66T OA®V TV VIoAoiT®V KOUPOV ival ioa pe To Ao,
g[n] = +oo. Av dev vrapyst kavévag kouPfog ot Aiota Open 0 akyopiBuoc tepuatifet
avemruyds. Awpopetikd emiéyeton o KOpPog and t Alota Open pe to pukpodTEPO KOGTOG
g(n) ko ovopdletor BEST. ‘Enctta, agatpeitor amd ™ Aioto Open kot torobeteitan ot Alota
Closed. I'iveton éheyyog yo to av o BEST eivar o koépfog mpoopiopod. Av givat, dtacyilovron
o6Aot ot kouPor g Aiotog Open mpog ta Tom uéyxpt Tov KOUPo agetnpiog Kot 0 aAyopOuog
teppatilel emoTpépovtag T Avor. Av dev gival 0 kKOPPog TPoopicpov, Tapdyovtal OAOL Ot
duadoyot Tov BEST ko yia ka0 d1idoyo kopupo N axorovbodvtot To Topakdto Pripota:

*  Ynoloyileton to KOGTOC TOV KOUPov N: g(n) = g(BEST) + g(BEST, n), énov g(BEST)
giva 1o k6otog Tov BEST wo g(BEST,n) eivar 10 k66T0G Yoo T petdfoon and tov
BEST ortov xéppo n.

= Av o xoupog n tovtiletor pe kamowov kopuPo, mov Ppicketar non ot Aicto Open,
eAEYYETAL OV 0 KOPPOG 0wTdg £xeEl pkpdtepo kKOGTog g(N) and tov kOuPo ™ Alotog
pe tov omoiov tavtifeTor. Av vat, yivETOl OVTIKOTAGTACT TOV KOGTOVG TOV KOUPBOL
™G MoTog e To KOGTOG Tov KOUPov N kot yivetatl o véog BEST.
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= Av o xopPoc n tavtileton pe kamolov kopPo, mov Ppicketon H1on ot Alota Closed,
eAéyyetar av o KOpUBog avtdg Exel pikpotepo kK6otog g(n) and tov kdpuPo e Aiotog
pe tov omoiov tavtifeTor. Av vat, YiVETOL AVTIKOTAGTAGT TOV KOGTOVG TOV KOUPOL
g Motag e 0 K60T0og Tov KOuPov N, yivetar o véog BEST kot petapépetal o
Aota Open.

= Av 0 N dgv vmapyel oe Kopio omd Tic dVvo Aloteg tOtTe Yiverar avtdg BEST ko
tomobeteitan 6t Alota Open, kot 1 dwdikacio emravaiapupdvetor amd v apyn.

O akyopiBuoc Dijkstra ypnowomoteitot yio vo fpet Abon o€ évav docuévo yphgo M
Yo vo voloyicel €k TV wpotépwv dwdpouéc off-line, o1 omoieg ko amobnkevovtor ot
pvnun. Azmevavtiog, 1 Tpomomomuévn  €KO00T Yprollonoteitor dtav givor amapaitntn M
TAOTYNOM OE TPAYHOTIKO YPOVO.

‘Eoto d to Babog g avalimong e cuvtoudtepng Adong ard tov kOpPo exkiviong
TPOog Tov KOUPo Tpoopiopov. Qg Pdbog avalntnong opileTor oG o aptBpog Tov emmniédmv evog
dévipov, mov ypewdletar M Owdkacio avalnmmone vy vo Ppet pio Avon. ‘Etor m
TOATAOKOTITAL TOV TPpOTOTOMUEVOD akydptdpov Dijkstra sivar mg taéne Ob®), 6mov b sivan
0 mopdyovtag dSlokAAdmo|G.

4.3.3 O adyépiBuoc Bellman — Ford

O olyopiBuog Bellman-Ford éyel oyediootel e101kd yio va Advel 1o mpodfAnua g
€0PECNG GUVTOUOTEPOV WHOVOTOTIOD GE €va YPAQPO O Omoiog MEPLEYEL KOl OpVNTIKA Bapn
axpdv. O adydpbpog droyerpiletar v avikavotnto tov akyopiBuov Dijkstra va doviéyetl pe
apvVNTIKEG OKUES, Pe TNV TPocHfKn TPOoTaciag 1 Omolo OmMOTPEMEL TO TMEPOUCUN TOL
LOVOTOTION MEGT 0td apvnTiKO KOKAO. Avti va emtléyetal 10 eAdyloTo KOGTOG KOUPoL o€
KkéOe emavdAnym kol vo evnuepmvovIal OAol ol yertovikoi kopupol, 0nmg cvpPaivel otov
Dijkstra aiyopiBuo, pe tov aiyopiBuo Bellman-Ford, evnuepdvovtar 6Aec ov akuéc mov
vrdpyovv otov ypheo. H dwdikacio avtr amotpénetl v en’ adpiotov €miloyn tov idto
glayiotov kOpufov. O ypOVOG TOL OmOLTEITAL YLO. TNV EVNUEPMGT TOV dAyopifuov sivar
avdAoyog Le TO PEYIOTO UKOG TOV GUVTOUOTEPOL HOVOTOTIOV oL pmopel va emtevybel. Me
Vv evnuépmon N gopdv, 6mov N gival o apBuog Tov KOpPov 610 Ypdpo, 0 aAlyopiBpog
Bellman-Ford pmopei va Bpet tnv 1davikdtepn Adon.

Tuykprtikd pe tov adyopibpo Dijkstra, o aAdyopibuog Bellman-Ford, mopovoidlet
YEPOTEPO YPOVO TPe&iNaTOg, KL 0VTO YTl TPEMEL va, Evruep®VeL KABE @opd OAec T TOAVES
OKUEG OTO YPAPO, OVTL VO EVIUEPDVOVTOL UOVO Ol YEITOVIKES OKUEG TOv KOpPoL pe TO
eMdoto K60t0G. ‘Etotl, m ouvolik] moAvmAokoTnTo TOv aiyopifuov eivor g TaENG TOL
ON?). Adyw e vymiic Tov molvmhokdTnTac, o alyopdpoc Bellman-Ford Oa mpémet va
YPNOOTOEITOL LOVO GE YPAPT|LOTO TO OTOL0L TEPLEYOVY APVNTIKA PApT OKLUOV.

4.3.4  Evpiotiky avaljtnon & o alyopiOuog A*

H evprotikn avalinnon eivorl pio mAnpoeopnpévn oTpatnykn avaltnong, yeyovog
OV oNUaivel 0Tt dtabétel TANpoPopieg oyeTIKA Ue TOV apBud TV Pnudtev 1 To0 Kd6ToC Urd
TV OPYIKN Kol TNV TepoUcO KOTAoTAON, MHEXPL TV TeAkn. Ot mAnpogopleg ovtég
YPNoWoTolovvTal Yio TN Peltioon ¢ omodoTikoTTog NG dtdikaciog avalntnong, evo
EVOEYETOL VL VOTEPOVV o€ BépaTa TANpoOTNTOC. O AOYOg MOV Mpémet va yiver o ovalnmon
glvar 1o 0T dev givar yvoot and v apyn N katevbuven kivinong. H gupiotikn minpopopia
BonBder otov KaBopiopd TOL TEPIGGOTEPO «LTOGYOUEVOLY KOUPOv, motol Siddoyol Oa
mwapoyfodv kot mole doyeta KAodwd Oo mepikomovv omd To Oévipo avoalnTnong, MUe
amotéleopa vo yivel mo amodotikn n avalnmmon. O okomdg g €VPIOTIKNG TANPOPOpPiag
glval n Topoyn WMOG EKTIUNONG TNG OTOGTACTC TOL KOUBOL TPOOPIGHOL OO TOV TPEYOVTO
KOUPo, £T61 BoTE TO GVGTNUN VO LTopel v Kabopicel TOGo TOUvO €lval 0 CLYKEKPIUEVOG
KkOuPog va Teptiapfaveral ot EATIoT Avon.
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O1 guprotikég mAnpogopieg slvar amoteheclatikéS 6T0 Pabud Tov deiyvouvy TPog T
o®woT kaTtelbvvoT, GAAG UTOPOVV TEPIGTACIOKA VO, 0dNynoovy € avalntnon &vog un
amodeKTOV KOUPOV, 1 68 ad1EE0S0 Yo o cuykekpuévn dtadpoun. Iapd to evdeydpevo avtd
TpoPANpa, M Swdikacio Bo 0dnynoel v TéAel 0TOV KOUPO TPOOPIGHOV, EPOGOV OVTOC
vrapyet. H ypnon KoAd opiopévev €UPIGTIKOV GUVOPTNCGEDV TPOGPEPEL TN SLVATOTNTO
g0peong KOANG, av Oyl BEATIOTNG, AVoNg 6 AYOTEPO YPOVO KOl HE MIKPOTEPT KOTOVIA®GN
LvAUNG o€ oxéomn pe Tov anid 1 Tov Tpomomomuévo Dijkstra.

O 1o MUOPNIG ahyop1BLog OV EPUPUOLETAL O GLYVE GTO GYEIIGUO SLOOPOUNG,
givor o oAyoplBpuog A* o omoiog ypnowomotel T pébBodo best-first. O okydpiOuoc
YPNOLUOTOLEITAL Kot 6€ Tedior EKTOG TNG TAONYNONG, OMWG GTN POUTOTIKY KOl GE TEPLOYES
EVOLPEPOVTOG OTOV OOLTOVVTOL AVGELS EAayioTov KOoTovC. O aAydpiBuog A* eyyvdton 6Tt
Ba Ppel ™ PEATIOTN O dpoUn, €AV ALTH VTAPYEL, HE TOV OpO VO £YE OPIGTEL EVPLOTIKY
GULVAPTIOT] TOV VO IKOVOTIOLEL Lol GUYKEKPLUEVT] GLVONK.

Apywd gtvor amopaitntog 0 optopos Ho KoAG Oplopévng EVPIOTIKNG GLUVAPTNOTG 1
omoia a&loroyel kKaOe kKOpPo av elvar kotdAAniog 1 Oyt ywo emiokeyn. H cuvaptnon avtn Ba
mpoteivel ol dadpouny Bo mpénel va akohovnbel mpdta, Otav meEPoGHTEPES OMO i
Stadpopég etvar drabéatpiec.

H gvpiotikn cvvaptnon a&ordynong f'(n) yia tov képpo n opiletar wg €ng:
frm)=g(n)+h'm

6mov g(n) eivor to TPOYHOTIKO KOGTOG UETAPOCNG 0o TOV KOUPO TPOELELGNG OTOV TPEXOVTOL

Koppo n ko h’() givon o exktipnon Tov gAayicTov KOGTOVG HETARAONG Omd TOV TPEYOVTAL

kouBo n otov kOpPo mpooptouod. Xty mepintwon mov h’ M) = 0 o olydpiBuog

ovumeplpépetat Ommg o akyopipog Dijkstra. O kabopiopdc tov k6oToVg TOL B VToAoYileTan

amo ) cvvaptnon a&lorloynong e&aptdTal amd ToV oXESLNGTI TOL GUGTHLOTOC.

Apywcd emiéyetar o KOUPOG eKKivnong Kot 0 aAyoplOpoc mpoywpdel GTAdI0K,

emekteivovtag évav kopfo o kabe Prpa, péyxpt va Tpokdyel o kOUPOG Tpoopiopov. Xe Kabe
Brua puévo o kouPog ue to pkpdTepo f'(n) mapdyetl amoydvoug.
Kozd ) didpkelo tng dodikaciog avtig, ot KopPor wov oyetiloviar pe meplopiopods (m.y.
ABo¢ katevbuvon, adiEEodo, KTA.), e£opodvial MGTE VO NV GLUTEPIANPOOUY GTNV TEAMKN
dwdpoun). H evprotik) cuvaptnon epapuodletor yio vo 0E0A0YNGEL TOGO KEATIOOPOPOCH
glvan kéBe kopPog, aeov mpota eAEYEEL av 0 KOUPog avtdg Exel mapoydei Eavd. H mapamdvm
dwdkacio emavolapPavetol, péyxpt va moapoybel o kouBog mpoopiopov. Eqv 1 gupiotikn
ovvapmon h’ (h) dev vrepekTIUd TO TPAYUATIKO KOGTOG Yoo TNV emitevén tov kduPov
TPOOPIoLOV, 0 oAyoptpog A* Ba kKataAn&etl otn BEATIOTN AVoN, EPOGOV 0LTH LITAPYEL. AVTO
ovoualetor «1dotnta ¢ Topadektotntacy (admissibility property).

H ypovikn moAvmhokdtnta Tov adyopifuov eEaptdtarl omd T EVPIOTIKY GUVAPTNO.
21 ¥epoTEPT TEPIMTMON EVOG [N TEMEPAGUEVOL YDPOL avalnTnomng, 1o TAnfog Tov KOUPmv
7oL StokAadmvovtar £ivot ekBeTIKd M TPOC TO UNKOG TOV GVVTOUOTEPOL povoraTio d:

O, 6mov b eivar o mapdyovrog SukAddwone (Hécog Opog emTuydv emhoydv avé,
kataotaon). Ta mapandve mTpobmobETovy 6Tl 0 KOUPOC TPOOPIGHOL VTAPYEL Kal OTL gival
TPooPacog omd tov KOuPo exkivnone. Xe avtibetn mepimt®on, Kol v O XOPOG TOV
KATOoTACEWMV glval dmelpog, o alyopiBuog de Ba teppatiost. H ypovikn modlvmiokdtnra dtov
0 Yopog ovalnmong eivar éva d€vopo, €ivol TOADOVUMIKY KOl VTOPYEL L0 LOVOOIKN
KOTAGTAOY] TPOOPIGLOV:

lh-(n) —h*(n)| = O (log h*(n))

omov h* givon n Bétio evpiotikn, dNA. 10 axpiPéc KOGTOG TOV omOLTEITOL Yo T UETAPooT
amo Tov kOpUPo N otov KOUPo Tpoopioov.
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4.3.5 Augiopoun avalijtyon

H xoatavonon tov aiyopibpumv cuvtopdtepng Stadpoung Kot eVploTikng avalntnong
00N YNGE OTN YEVIKELON CLTAOV Kol oTn Onovpyio aiyopiBumv apeidpoung oavalntnong.
Y100¢  OAyopiOUOVE TOV TAPOLCIACTNKAV TOPUTAVED, M avalfTtnon TS GUVTOUOTEPNC
dradpopung TpaypotonomOnke amd tov kKOpPo exkkivnong tpog tov kOUPo Tpoopiouov. Avti i
avalnnon ovoudletar «avalntnon mpog ta epnpdcy (forward search). Mia avalntnon «mpog
t0. Tiow» (backward search) o £xet to 010 amotédeopo, EQOGOV T0 KOGTOG KABE GUVOEGHOV
glvar id10. Avtd 00 yNGE otV 10, TG apeiopouns avaltnong.

H dwdikacio g apeidpoung avalntmong Poaciletoal otov T00TOXPOVO VTOAOYIGUO
™me KoAOTEPNC dadpopng amd Tov KopPo agetnpiog wpog tov kopPo mpoopisuov (forward
search) kot omd tov kOppo mpoopicpod mpog tov kopPo agetpiog (backward search). Av o
adyopiBuog avalntnong ekteleital e vav povo enelepyaotn, TPEMEL va. yiveTal ypryopn
evodhayn peta&y forward wou backward avolnmoewmv. O  apeidpopog alyopBuoc
avaltnong evogyetal va LEIDGEL TO Ydpo avalftnong Katd tovAdyistov 50%, étol dote o
YPOVOG EKTEAECTG TOL VL EIVOL OPKETH KPOTEPOG GE GYEOT] LE TN povodpoun avalntnon.

Apykd dnpovpyeitar n AMota forward Open wov mepiéyetl povo tov kOpuPo apetnpiog
S ue undevikd kootog g(s) xat wia Adota forward Closed n omoia givan Gdsia kot ta KOGTN
OAOV TOV VTOAOITOV KOUPOV gival ioo Le TO ATEPO, T forward [N] = +oo.

Emiong, onovpyeiton pua Aiota backward Open, mov mepiéyet povo tov kopfo mpoopispov f
ue undevikd kootog g(f) ko o Alota backward Closed mov givon ddeta kat to k66T OA®V
TV VTOAOIT®V KOUP®V givat ico pe To GTEWO, J packward [N] = +oo.

Katd ™ dudpkeio ektéleong tov adyopifupov, yivetar evardioyn peta&d g forward kot
backward avalftnong pe Baon kémoto oToTIKO 1 SUVOULKO KPLTHPLo. AV dEV VITAPYEL KAVEVOS
kouPog otn Aota OPEN g emleypévng kotevBovong avalnnong yivetor evoilayn ot
AMota g avtiBeng katevBuvonc. Av dev vrapyel kavévag koppog kot otig dvo Aioteg OPEN,
0 alyopBpog teppatifel avemtuydc. Al@OpeTIKA emALYETOL O KOUPOG UE TO HIKPOTEPO
k6070¢ g(n) kou tibeton g BEST. X1 cvvéyeto apatpeitan amd ) Aiota OPEN kot etodyston
ot Moto CLOSED. EAéyyeton av o BEST woavomotel kdmoto kpitiiplo teppotiopov. Av vat,
dwaoyiCovtar 6Aot o1 koppor g Aiotag OPEN mpog ta wicw Eexvovtag amd tov BEST kot
KOTOANYOVTOG 0ToV KOUPO apetnpiag, Kot Tpog o UnPOg UEXPL Tov KOUPo mpoopicuov. Ot
dV0 Aloteg evivovtal Kot 0 oAyoplOpog TeproTilel EMOTPEPOVTOG TNV TEALKN Sladpoun. Av o
BEST dev tkavomotel KOmo10 KpITiplo TEPLOTIGUOV, TApAyovTal Ot 01480)0i ToV Kot Yio kKabe
d1édoyo KopPo N axkorovBovvtar Ta TOPOKAT® PripoTe:

»  Yroloyileton to k6GTOG TOV KOUPOo N: g(n) = g(BEST) + g(BEST, n), 6énov g(BEST)
givar to k6o10g Tov BEST ko g(BEST,N) givar 1o kd6o10G Y100 T peTdfoon omd tov
BEST otov xéppo n.

=  Av o xoupog n tovtileton pe Kamowov kopupo, mov Ppicketan Non o Alota Open,
eAéyyetar av 0 KOUPog awtdc Exel kpoTepo k6GToC g(N) and tov kdpuPo ¢ Aotog
pe tov omoiov tavtileTar. Av val, yIVETOL AVTIKOTAGTAGT TOV KOGTOVS TOV KOUBOL
g AMotog pe To k66Tog ToL KOUPov N Kot yivetar o véog BEST.

"  Av o xoppoc n tavtiletor pe kdmolov kopupo, mov Ppicketon Hon ot Alota Closed,
eAéyyeTaL av 0 KOPPOG owTtdg £xel pkpdtepo kKOGTog g(N) and tov kKOuPo g Aotog
ue tov omoiov tavtifeTor. Av vat, YivETOl AVTIKOTAGTACT TOV KOGTOVG TOV KOUPBOL
¢ Motag pe 10 K60T0g TOv KOuPov N, yivetar o véog BEST kot petagépetal ot
Mota Open.

= Av 0 n dgv vmapyel oe Kopic amd Tig 0vo Aloteg toTE Yivetan ovtdg BEST kot
tomoBeteitan ot AMota Open, kot 1 dudikacio eravalapupdvetor amd v apyn.
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YroBétovtag Ot ypnopomoteitonr €vag HOVO eMEEEPYOOTNG, 1 EMTVYNG EPAPUOYN TOV
adyopiBuov aueidpounc avalntnong omortei 6v0 emmAéov GUVONKEG: £va, KPLTHPLO Yo, TOV
TEPUATIONO TNG avalNTnong Kot éva Kpithplo yuo thv evolhoyn petaé&d tov forward kot
backward avolnmoeonv. To mapddstypo, umopovupe vo kobopicovue €éva KpLTHPLO
TEPUATIGHOV OTOV évag KOUPog mpooeyylobel kot amd Tig dvo KaTeLOHVOELS KOt VO GTOTIKO
Kprtiplo evarroyng 6tav mpoyuatomombovv déka enavainyelg o€ kdbe katevbuvon. Av ta
Topomave kpufple £xovv emdeyfel katdAAnio, m aueidpoun avalnitmon Oo efetdoet
Ayotepovg KouPoug kot Bo kataAnéel o€ o AOOT o€ AYOTEPO YPOVO GLYKPITIKA LE TN
povodpopun avalnmon.

Onoc givor Aoyikd 1 ¥poviKn TOAVTAOKOTNTA TOL OAYOPIOLOL LEIDOVETOL GTO GO TNG
TOALTAOKOTNTAG TOV alyopifpov A*, SnA. eivar e taEng OMhY?). Tty Wavikh nepintoon ot
avalntoelg mpog Tig dvo katevBhvoelg Tpénel va cuvavinBovv ot péomn. Av vmapyovv
TOALEG O10POPETIKEG Ol0OPOUEC amd TOV KOUPo agpetnpiag otov kOUPo TPoopispov, ot
avalnmoelg eivar mlavov va pn cuvavenfovv ot péon.

X yewpdtepn mepimtoon (Y. Otav TO KPP0 TEPUOTICHOD TNG EVPLOTIKNG
aSlohdynong Aapupdver vmoyn HOVO TO EKTIUOUEVO KOGTOG OSldpoung) m apeidpoun
guPLoTIKN avalTNoT OTOKTA SIMAAGLO TOAVTAOKOTNTA GE GYECT] LE TN HOVOOPOUT EVPICTIKN
avalnmon. Emopévamg, etvon 1d1aitepa onpovtikd va yivetor EmA0YN TG COOTNG EVPLOTIKNG
oVVAPTNOTG AEI0AGYNOTG KL TOV KPLTNPI®V TEPUATIGHOD TG d1001KAGT0G.

M apueidpoun gvplotikn avalntmon wpénel vo ehéyEel oxeddv TOVG JIMAAGIONG
KOUPOVG Gg GYEoT UE Lo LOVOSPOLT EVPLOTIKY| aval)TnoT Yo va TPpocdlopicet T PEATIOT
dwdpoun. Avtd cvuPaivel 10Tt 1 aueidpoun avalntnon mpEREL VO GUYKPIvEL OAEC TIG
EVOLEVEG SLodpoég KaTd v avalntnomn yuo va eEacparicel Twog 1 dadpoun eivar BEATio).
H opeidpoun avalntmon eivor kol emiAoyn ywoo thv €0peGT] GLVIOUOTEPOV LLOVOTOTION
uovov Otav dev eivar amapaitntn M PéAtioTn Adon. Otav ypnoyomoteitol 0 oueidpopog
alyopBog ot meplopicpol Tov BEtoviat KaTd TV PEATIGTOTOINGT TPEMEL VO «YOALPDVOUVY.
Ymv wepintwon ovth 0o Ppebdel pia oyeddv PErtio Abon wpwv Ppebei n cuvolikd BérTio
AvoN.

4.3.6 Iepapyixn avalijtyon

Yrapyet pio. QUOIKN Epopyiot 6Tovg SPOLOVE TOL TPUYUATIKOD KOGHOL, HE TOVG
OVTOKIYNTOOPOLOVG VO, Ppickovtal 6TV KopLET. AVTO 0dYNCE oTNV 100 Y10 TNV avATTLEN
€VOG MO AMOTEAEGHOTIKOD OAyopiBuov tepapykng avaltnong yio éva docuévo diktvo. H
Backn 10éa Ppioketar omv avalntnon oe &vav, apyiKd, «OQUIPETIKO» YOPO Kol Oyl OF
0AOKAN PO TO YDPO TOV TPoPANpuatoc. H emhoyn| pog amiomompévng avamopdctacng avtol
TOV TOTTOV 0ONYEL G€ ONUAVTIKT] AOENOT] TG AMOTEAEGHATIKOTNTAG TOVL aAyopifuov.

O PBookdc AOYOC TOL 1 OQAIPESN UEUDVEL TNV TOAVTAOKOTNTO TMOV TPORANUAT®V,
glvar OTL M GVVOMKN TOAVTAOKOTNTO 1GOVTOL UE TO GOPOIGHO TOV TOAVTAOKOTHTOV TMV
aveEapmtov avolntioewv Kot Oyt He TO ywopevo avt®v. [a évav alyoplBuo pe
TOAVTAOKOTNTO TAENG O(bd), UE TN ¥PNOM €VOG EMMESOV apaipecns N tepapyikn avalntnon
umopel vo peioosl v moAvmhokotta o O(b ), v nepintoon XPAONG TOAAUTAGDY
emmédwv agoipeons, N PEATIOTN papyia, Yo fvav xdpo pe b? kataotdoe, Bo éxet Inb?
emineda apaipeons. Avtdg 0 TOTOG LEPAPYNONG LUTOPEL VO LELMGEL TNV TOAVTAOKOTNTA TOV
oyopiBpov avalitnong amd Ob?) oe O@logb). Me dAho Adyw 1 PEATIOT 1EpapYNON ExXEL
AoyoplOKd aplOpd emmédowv pe otabepd AOYO KOl UEIOVEL TNV TOALTAOKOTNTO, IO
exbeTIkn o€ Ypoppk.

Mo vo epoppootel 1 tepapyikn avalnmon kot vo amiomomBel 1 Sadikocio
OYEOIOHOD TNG OadIKAGIag EDPECTG GUVTOUOTEPOV HOVOTOTION, TPEMEL 1 Pdon dedouévav
TOV YAPTN VO KaTaokevaoTel tepapyikd. Oco yniotepa Ppicketal To eninedo apaipeong 1o
AyOTEPEC AEMTOUEPELEG TTEPIEYEL, ONANOT, AlYOTEPOLE KOUPOVG Kol OKLES.
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Qot1600, N avalnnon o€ €va TET010 emimedo Pmopel vo KATOANEEL G€ U1 OAOKANPOUEVT|
ADoM, KATL TOV onuaivel 0TL Tpémel va Yivetal evaAlayr UETAED TOV SIUPOPETIKMY ETTESDV
Katd T dadkacio g avalnnong.

Xmv wpdén eivor aitepa SVOKOAO Vo KOTOoKEVOOTEL it Bdon dedopévav 1 va
oyedlaotel Evag aAyoplOpog o omoiog vo, kavormolel Tig cuvOnKeg g PEATIOTNG 1EPAPYIKNIC
agoipeong. LTV TAONYNoN OYNUATOV, YPNCOTO0VVTOL KAAGELS SpOU®V Yo ToV Kabopiopd
HL0G lEPOPYIOG OTOV GYESLOGUO TNG OLLOPOUNG,.

4.4  Xvumepdaouarta,

Ot teyvikég mov €yovv avamtvuydel ta televtaion ¥poOvioL Yoo TNV EMTAYLVON NG
dwodkaciog dpopoAdynong o€ otatikd odwkd diktva, £yovv e&eAyfel moAD Ta TEAELTOIN
ypévia. Mia dwaitepn mpoxinon eivor va pewwbel to ydopo peta&d Ttov Bewpnrtikol
voPabpov kot tng mpdénc. o mapddetypo, otav embopeitar va 600el €vag ovoiddNg
YOPOKTNPIGUOG Y10, SIKTVO TOV GLUTEPLPEPOVTUL CMOGTAE KUl EMLTPETOVY ATOOESEIYUEVO, TNV
Omapén Tov KEAVTEPOL KAl TOL ¥ePOTEPOL cevapiov ektéreons. [To cvykekpuéva Ba ftav
KoAd va yvopilel kovelg v molo SiKTLo HITOPOVV Vo EQPUPUOGTOUV Ol NON LIAPYOVGES
TEYVIKES, Y. Yo OlKTLO TNAEMIKOW®VIDV, Yo 1o oyxedacpd VLS|, kowvovikd diktua,
Toyvidl Yo MAEKTPOVIKOD VTOAOYIOTEG, YPOUPIKA TOL TPOEPYXOVIOL OTO TPOPANHTA
YEDUETPIKNG SPOLOAOYNONG, KTA.

H opro axadnpoiky tpdxinon eivar va yiver petdfaocn o €va €160 dpopoidynong
7OV 8eV &ival AMOKAEIGTIKG TPOCKOAANEVO GTOV TopéN TG «Point-to-point» dpopordynong.
Ot dnpodoteg petapopés Kat ta 0dikd diktva mov eEaptmdvtal amd TN dbpKelo dStadpoung etvat
H1o TPOQOVIG YeVikevor mov Oa TPEMEL Vo, GLVOLOGTEL Le TNV avavE®DoT) oTa BApn TOV OKUMOV
peta&d tov koppov. O cuvdvacudc avtdc Ba eEaptdtat amd TV KVKAOPOPLOKT GLUEOPNON
OV EMIKPATEL G€ KAOE o Kot 1) avovEmor auth Ba Tpénet va yivetal 6€ TPayHoTiko xpovo.
INa va yiver ovto eivar avaykaio 1 Omapén moAlov kpitnpiov Beitiotonoinong to omoia
TPEMEL VO OAANAETIOPOVV duvapukd petald Tovg, doTte vo glval duvarti mn €0peon NG
BéATIoTNG dadpounc KaBe popd Kot avtd Ba mpémet va, yivetal 660 To duVaTOV YPNYOPOTEPQ.
Eminpocbitmg Oa mpémer va cvvumoroyiloviar moAkol mapdyovteg mov emnpedlovv ke
@opa TN dlodikacion EVPEST G SLOPOUNG, OTT®MG {NTNUATO VAOTOINGNG GE KIVNTEC GLUOKEVEC,
dwdkaociec mov efaptdvrol amd Tov ¥pnotn Kot (nmpoto cvpfatoétntog pe TG Mom
vrdpyovoes epapproyés. H dvokoria oto onpeio avtd ykettal oto vo Ppebet o mpocséyyion
Y10 TNV OHOAT] GUVEPYOGTO OVALESTH GTO OKAONUOIKO Kot 6T0 Bropnyavikd mepipdiiov. [12]
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b 2votiuara mionynons

>10 Kepdhowo 5 6o mopovslostodv KATOW GLGTHUOTO TAONYNONG 7OV
VIapyovv kot o TePypapovv ot pEBodot evpeong Tomobeciag TOV YPNGLOTOLOVY TO
GUGTNLOTA OVTA.

51 TIsvika

I'a vo Tepmyn el kdmolog péca o Evay ydpo TPEMEL va eivar optopévn 1 Tonobecia
Tov. AV0 WOAD onuavtikoi Tapdyoviec mwov AouPdavoviol v’ Oy KOTd Tr Onpuovpyia
CLOTNHATOV TTEPYNONG elvar 1 akpifela kot 1 ypovikn andkpion. O1 dVo ovtol TaPdyovTeg
ouvuToA0YifovTal TOGO Yo oTadEPEG OGO KO Y10 KIVITEG GUGKEVEG TAONYT|ONG.

Yrdpyovv dvo dapopetikoi péBodot yio TNV VAOTOINGCT GLGTNIATOV TAONYNONG: N
«ovtotomoBétony  (self-positioning) kot m  «tomobétnon €€ oamootdcemey (remote
positioning). Ztnv avtotonobétnon, 1 pvoikn tonobeoio opiletol and v idia T CLOKELY
TOV XPNOTN KAvovTag ¥pnon onudtov mov Aaufdvovtol amd dopveopo. H tomobecio givar
YVOOTH GTOV XPNOTN KOl XPNCLOTOLEITOL ad EQAPUOYES KOl VITNPEGIES TOV EVEPYOVV GTNV
KNt GLOKELT. XNV Tonoféton &§ amootdoems, | Tonobecia opiletal e Kamowov Server
YPNOWOTOIDOVTOG ONUOTO 7OV  eKmEUmovtol oamd 1T ovokev. H  tomobecia totE
YPNOOTOLEITAL OO TOV SErVer og £va AOYIGHIKO GUGTNUO EVIOTIGHOD, 1] UETOdideTal ToM
OTN GLOKELN HECH KATOLG LEBOSOL PETAPOPAG DESOUEV@V.

H enidoon tov cvomudtov tomobétong kot tAonynong e&optdrol amd técoepig
nopdyovtes: axpifewa (accuracy), axeparotnro (integrity), dwbeopomra (availability) kot
ovvéyela (continuity). H akpifeia evdg ovotiuotog petpdet v mbovomto va mpokuyel
KATO10 oQAAu0 KoTd TNV €0pecn Tomobeciag o€ omoladNToTE Ypoviky otryur. H axepatdtnta
TOV GLOTAUATOG HETPAEL TNV TOAVOTNTA TO GPAALO TOV ERPAVIGTNKE VO PploKeTal EVTOG TMV
EMTPENTMOV OPlV TOPOVCiNoNG CQUALATOV oL £xovv optotel. H dnbBeoipudtra givar éva
UETPO Y10 TNV TKOVOTNTO TOV GLGTHLOTOC VO, GLVIVLALEL TOVTOXPOVO TNV akpifela Kot TNV
akepaldTNTA T0V. H cuvéyelo Tov cvotipatog eivat 1 tkavdtntd Tov va PeTpdet To eAdyloTo
YPOVIKO SLAGTNO Y10, TO 0mToio 1 VIENpesia eivar Sabécun otov ypnot. [8]
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52 MéBooot evpecns tomobeoiog

5.2.1 KaBoiiké dopvpopixé cvctnue mloynons - Global Navigation Satellite

System (GNSS)

To ovomua GNSS, mov cvyvld aVOEEPETOL OTO OUEPIKAVIKO CUOTNHA
NAVSTAR «a givar avayvopiciuo og GPS (Global Positioning System) sivat to mio
axpiéc cvoTua Yoo TV avayvopton tonobesiog ypnotn. To GPS ypnoyonoteitot
Yo TV TOPAKOAOVON G, TOTOOETNOT, EVTOTIGUO Kol TAONYNON OYNUATOV £0M Kot
ToALG ypovia. H PBacwn apyn eivar 1 pétpnon g amdotaong and Tov OEKTN TOV
YPNOTN UEXPL €vov amd TOVG TOVAQYLoTOV 4 d0pLEOPOVS, YLl TOVG OMOiovg givat
YVoot) 1 Tomobecio Tovg otV TPoYLd YOP® amd TN YN. Avtd emTpénel doddoTaT
Kot Tp1odtdotatn tonofétnon moyKoouing aveEaptnto and Tig Kaptkég cuVONKES Kot
™ ypovikn otiyun. H «yevdoamdotacn» (pseudorange) opilelt v Ye®UETPIKY
OmOGTAOT LETAED TOV AVOUETAOOTN KOL TOV OEKTT, TOL £YEL AVOKTNOEL 0 TN YPOVIKNY
JPOPA AVALEGO GTN GTIYUN| TOV TO GO GTEAVETOL GTOV S0PLPOPO, UEXPL TN OTIYUN
OV EMOGTPEPETAL 1] ATAVINGT] OTOV OEKTN. Q¢ «pdon Tov pépovtog» (carrier phase)
opiletor 1 S10popd avapesa 6T PAcTN TOL EIGEPXOUEVOL PEPOVTOG GILOTOS KOl TN
(AGCT TOL GNLLATOG AVOAPOPAS TOV TAPAYETOL GTOV OEKTN.

Yrdpyovv 000 Poaocikég Aettovpyiec tomobBétnong ota ocvotnuota GPS: n
amdivtn tomoBEtnomn kol n oxeTkn tomofénon. Tty amdAvtn tomofétnon évag
O€KTNG Umopel va mopakoAovBel TIg YeVd0ATOGTACELS OO TOAALATAOVS S0PLPOPOVE
v va kaBopicel v tomobecio Tov ypnotr. v oxeTikn tomofETnon yiveton ypnon
Tov dwgopikav teyvikdv GPS (differential GPS: DGPS). H tgyvoloyio. DGPS
neptlopdvel TOLAQ IGTOV dVO OEKTEG, OO TOLG OMOlOVG O €vog eivol 0 OEKTING
avaQOPAG KOl Ol GUVIETAYUEVEG TOV TPEMEL Vo gival Yvwotés. O debtepog dEKTNG
ovopdleTar OEKTNG TOL ¥PNOTN Kol Ot cvuvieTaypéves Tov kabopilovtar pe Pdon tov
OEKTN  avaPOPAS, TOPUYOVIOTOIMVTAG TS OlIPOPES WETPNOELS OTOLS  {d10VG
d0PLPOPOVG TTOV TTAPATNPOVVTAL OO TOVG OEKTEG AVAPOPAS KOt YpNOTN.

Me ™ yprion g wevdoamdotaons emTvyyaveTton akpifela e tédéng 1-5
pétpa v ) Agttovpyia ™G omOALTNG TOmOBETNONG, EVA Yo TN Agrtovpyior NG
oYeTIKNG tomoBétnong n axpifeln pmopel va @tdoet ko ta 50 ekatootd. Av
ouUTEPIANPBOVYV Kol 01 LETPNCELS Amd TIG PAGEIS TOL PEPOVTOGS 1| akpifeta pmopel va
ayyi&et Kot Ta 0pia Tov IA0GTOD.

Yrdpyovv moAréc cvokevéc mov vrootnpilovv GPS, ot Tipég twv omoimv
kopaivovtal omd 1008 €wg 10.000$ kot ypnoyomolodvtot Yo Stpopovs GKOTOVE.
Yrhpyovv OpmG ovo 000 TapAyovTeS OV ETNPealovy TV gvaichnacio Tovg:

e Toa ovotquata GPS ypeidlovtor onuato €viaong tovidyiotov -130dBm
(decibel - milliwatts), yeyovog mov gvdeyouévmg va pokarécel TpoPAnua o
O0OIKES TEPLOYES N OE MEPLOYES e TUKVY| PAAGTNON.

e Méoa oe kmMpla, TOOVEAL 1| cLUTAYEIS EYKOTAOTAGELS YEVIKOTEPO, TO GO
GPS amoppopdtor oyeddv  e§ olokAnpov. I'a va ypnopomombei Eva
ocvotnua mov Baciletoar og S0pLPOPO, e ECMOTEPIKOVS YDPOVS Ba Tpémel va
BeAtimbel n dwdwacio Ayng Tov onuaTog, gite feAtidvovtog tov 1010 ToV
oK, elte pe v eykatdotaon tomikdv GPS avapetadotdv.
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5.2.2 YmofonBovuevo kaboliké cbotnua cipeons torobeoios — Assisted GPS

To Assisted-GPS (A-GPS) cvotiuata mapéyovv otov GPS déktn dedopévo M
TANpoQopio TOL 6 daPopPeTIKN Tepintwon Oa Enpene va to «katefdoery amd Tov 60pLEOPO.
H mapoyn avt) Peitidvel onuovtikd 10 ¥pdvo TOL GmULTEITOL Yo TV ANYT TV dedoUéEvmV
QUTOV 0TO OEKTN, KAVOVTOG TOVG 16100¢ TOVE 0€KTEG YpNYopdTEPOVG. OTTO100MTOTE GVGTNUA
GPS pmopet pe tig KaTdAAAeS TPOTOTOMGELG Vo ETm@EAN Ol and to dedopéva tov Assisted-
GPS. Mg éva, A-GPS ciotnua, 0 d6ktng Y€l TN SLUVOTOTNTO VO, EVOTOUCEL TO. GTIUATO, TTOL
Aappdver amd Tovg dopvedpovg 10 popég ypnyopdTepa, Tpdypo mov odnyel oe kEPOOG TNG
Ta&ng Twv 10dB.

5.2.3 Koweloeron diktva — Cellular networks

Ta cvotiuate extkovmviag Kty tnispoavov 6rtng o GSM (Global Standard for
Mobile Communication) 7 to UMTS (Universal Mobile Telecommunication System),
Bacilovtot g éva 6OVorlo amd Kuyeloeldn diktvoa. ESd katl peptkd ypovia o1 VANPEGIES TOL
BaoiCovtar otnv tomobesio Tov ypnotn, (location-based services, LBS) moapéyovior péom
oUTOV TOV KLYEAOEW®OV doucdv. H dwdwkacio ovt emrvyydvetor pe Tn ypiom MG
KOVOTIOUTIKNG OYE0NG UETAED TOL TOPOYOL TNG KLWEAOELDNG LINPESIAG, TV KVYEAOEOMV
SIKTVOV KOl TOV TEPLOTIKOV TOV YPNOTAV, TO, 0TOi0. AEITOVPYOHV GE GUYYPOVIGUO Yo Vol
gvtormticovv Vv TomoBecia Tov ypnotn. To {ntovuevo sivar va evromiotel N tomobecia Tov
XPNOTN HE TN HEYOAVTEPT akpifela Kot He TOV HKpOTEPO XPpdvo amdkpions. O mo dNUOEIANG
TPOTOG elval 1 TEYVIKN e0peon ¢ Tomobeaiag pe Tn xpnomn padlocnudtmy, 1 oroio ¥pNGILoTolEl
TAPOUETPOVS TV poadlokvudtoy. Ta padiokbuata PeTapépovtal amd T GUGKELT TOL YPNOTN
TPOG TOVG oTABUOVG avaEOPAC Yo va Ttopa&ovy v Tomobecia Tov. Ot TAPAUETPOL TOL
ofuatog mov ypnoworolodvral givat: 1 yovia aeiEng (angle of arrival - AOA), o ypdvog
apiEne (time of arrival - TOA), n 1oybg TOV GNUATOG Kot 1] YPOVIKY daPopd deiEng Twv
onudrtov (time difference of arrival - TDOA). [9]

5.2.3.1 Tovia apiéns (Angle of Arrival - AOA)

H péfodog AOA «dver yprion moArdv otobudv Pdong yio voa mpoceyyicel v
tonofecio Tov yprot. X éva ovotnua AOA, arattodvtol 6vo otaduoi Paong, TV omoimv
Ol GUVTETAYHEVES €lval YVOOTEG, YO VO TPOGOOPIoTEL N Yovia amd v omoio Aednke 10
onua tov ypnom. H yovia apocdiopiletar pe ™ ypnon pog Kotevbuvopevng aktivog mov
EKTEUTETAL OO TNV Kepata, HEYPLG OTOL TO CNUO OTOKTAGEL TNV UEYAAVTEPN TOL 1oyy. H
tonofecio kobopiletal pe v mopsuPfoin T@v tomobecimv Yoo kdbe évav amd toug AOA
otafuove faonc, n omoia Bo Tpémet va givon pia evdeia ypapu. Av o xpnotng Kat ot 6tabuol
Baong dev Ppiokovtal 6to 1010 eminedo, TOTE givol amapaitnTn 1 ¥pNo”M POV kepaidv. H
YPNOT TEPLOGOTEPOV oTaBUDV Pdone pmopel vo Pedtidcel Katd moAd v akpifela tov
vroAoyiopumv tomobecioc. H cuvolikn akpifelo Tov cvotipartog eaptdral amd tn d16.000m
TOL ONUOTOG, TNV aKpifela Tov KatevdLVOUEVOY KEPOULOY KOl TNV ondGTOoT HETOED NG
GUGKELTG KOL TV KEPOLDV.

5.2.3.2 Taoviekn otapopa apiéns (Angle Difference of Arrival)

H péfodog ADOA eivar pa avtompoodtopilopevn pébodog 1 omoia ypnoipomnotel
ToAAOTAOVG oTafuovg Bdong Yo va Tpoceyyicel v tonobesia tov yprom. e éva ADOA
oLOTNUO €0PECTG TOTODEGIOG 1 CLUCOKEVT OV €ival £POSOICUEVN UE TPOCAVOTOMIOMEVT
Kkepaio Tpémel va kaBopicel T oyeTiKn Yovio ard v onoia £xovv mpoEAbel To GUATO OO
TOVG TPELS oTafovg Paong, TV omoimv 1 Totobecia ival yvmoTy.
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H mpoobnkn evog emmAiéov otabuod Pdong eivar amapoitnn Adyov TG EAAEWYNG
TPOCAVATOMGHOD TOV ¥PNoTh. Av 0 ypnotg Kot ot otaduoi Bdong de Ppiokovial oto 010
enminedo, TOTE AMOTEITOL 1] XPNON TPIGOAGTATOV KOTELOVVOUEVOV KEPULDY. e SL0POPETIKN
TePITTOOTN Ol aKTiveg dV0 dotdoewv emapkobyv. H yprion mepiocotépav otabumv Paong
avéavel paydaia v anodotikodtnto. H cvvohkn axpifeia tov cuetiuotog eEaptdtot and
d1ad0oM TOV GNUATOG KL TNV aKpiPelo ToV KatevBuvoueEvVmY KEPALDV.

5.2.3.3 Xpovog apiéng (Time of Arrival - TOA)

H TOA eivar po pébodog €bpeong tomobeciog mov ypnolLomolel o popon
pryovicpov (triangulation) yio vo kabopicel v tomobesia Tov ypnotn. H amdotoon
vroAoyileTon amd ™V AmOALTY TN TOL XPOVOL TOV OTOLTEITOL Y10 VO, QTACEL £VOL GIUOL OO
TOV avapeTadoTn otov OEKT. I va etvan eikTOg 0 TPLymvicds, Bo mpénel va givotl YvooT
N tomobecio Kabevog amd Tovg Tpelg otabuovg Pdorng. Xe chyypova GLOTHUATO, O XPOVOC
petddoong pmopel va petatpoanel an’ gvubeiog oe amdoTaon, dAAd avTtd amottel 0 dEKTNG v
yvopilel v akpiPn ¥povikn GTIYH Tov £YIVE 1 HETASOGT. LT AGVYYPOVO GUGTHUATA, EiVal
omopaitnTn) N XPNON TPOTOKOAAWDV EKTOUTNG KOl ANYNG, TOV HETATPENMOVY TO YPOHVO OE
andotact. Me YVOoTéG TIG TPEIS ATOGTAGELS, UTOPEL VAL YIVEL XPTOT TOV TPLY®VIGHOD Y10, TOV
vroAOYIGUO TG TomoBesiog Tov ypnotn. H axpifeia g pebdoov efaptdtor amd TO
EVOEYOUEVO CQAOALOTO KOTG Tn Oldkocio Tng HETadoong Kot omd v axpifei twv
LETPNOE®V TWV YPOVDV.

distance from
beacon B to
location

distance from
beacon A to
location

Eixova 5.1 - MéBodos TOA
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5.2.3.4 Xpovikij owapopa apiéns (Time Difference of Arrival)

H pébodog TDOA eivan mopouowa pue v TOA pe ) poévn dwgpopd 6t 1 TDOA
amortel ouyYpoviopo HeTall Tov otafudv Bdong, aAld dev amoitel GuYPOVICUO LETOED TV
otabumv Paong kot tov ypnom. Emumhéov, o ypfotng de yperaletar va KAVEL LETAOOON
onuatog otovg otabuovg Pdong. H tomoBesion kabopileron pe v mapegpPolrr] twv
TOTODEGLDV TV YPOVIKAOV S10PopaV APIENG, 1 oToia £XEL TN HOPPT VIEPPOANG 6TO YDPO dVO
OlOTACEMV KOl KUPTNG EAAEWMTIKNG EMPAVELNG GTOV TPLGOAGTUTO YMPO. XTO, GLOTHLOTO
TDOA, o apBuog tov otabudv Pdong mpénet vo eival Katd Vo TEPIGGOTEPO. Ao TOV aplOud
TV daotdoemv. ['a v akpifela g peBoddov avT¢ Wyvovy Ta id1a kprtpla pe v TOA
uébodo.

actimator

estimate from
TDOA between
Aand B

position

estimate from
TDOA between
BandC

Eikova 5.2 - MéBodoc TDOA
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5.2.3.5 H uéfooog tns «kowéins npoélevans» - Cell-of-origin

Me ™ pébodo cell-of-origin, n kivnt cvokevn anopacilel yio 10 woo, Kepaio TOL
glval To KOVTA Gg VTNV, UETAPEPEL TO oNUa oto ¥pnotn. H kdAvyn wog kepaiog dtapépet
0mo TEPLOYN OE TEPLOYN], ONANDT GE AYPOTIKEG TEPLOYEG UTOPEL VO TapEYEL KAALYT GE aKTiVa
35 km, evdd og aoTiKéG mEPOYESG N KAALYN UEIOVETOL OE UEPIKEG EKATOVIAOES WETPOA.
Agdopévov 61t évo, GSM cuotnuo emAéyel avuTouaTa TNV KOAVTEPT OlOEGIUN KOWEAN,
umopel va ypnoiporon el n TAnpopopia TG KVWEANG avTS (e TNV omoia givat cuvdedepévn
1 Kvnt cvekevn) Yo vo. Ppebei  torobeaia Tov ypno.

5.2.3.6 Tprywvicudsg - Triangulation

e éva mepGAlov pE YVOOTO TOV TOPAYOVTIO TNG OMMAELNG KATA Tr S13d00T TOV
ONUOTOC, WTOPEL EDKOAN OO TNV 100G TOL GNUATOC VO TPOKVWYEL 1) AITOCTUCT LETOED TOUTOV
Kol OEKTN. X& TPOYLOTIKG dedopéva, Yo va, eivol akpinig n pHetaTponn avtn, o mpémetl va
Aapavovtol v YV TAPAYOVTES OTTMG 1 1GYVG TNG KEPALNS, TO KEPOOG TNG KOl OVTIKEILEVDL
OV EVOEYOUEVMG VO, TopeRPailovtal oty Topeia Tov onpatog. H axpifeia tov tpryovicpov
e€aptdtor amd TV axpifelo pe v omoio yivetonr M EKTIUNOCN TOV OTOAEIDOV KATA TN
petadoomn tov ofuotoc. Emiong, eival edkolo vo vAomowmOei.

Transmitter A
- Distance from
_— QA current location
| | — Ba to transmitter A
Transmitter B @ ag
Bs
Distance from Distance from
current location current location
to transmitter B to transmitter C
Bc ac
Transmitter C

Eixova 5.3 - MéOodog tov tprywvicuov
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5.2.3.7 MéBodog evpeons tomobeoios ue Ty YpHoy ATOTOTOUATOV —
Location Fingerprinting

Me v 1eyxvikny ovth yivetar ovykpion tov RSSI (Received Signal Strength
Indication) dedopévav mov éxovv Mo petpn e, pe TG amobNKEVUEVEG AVAUEVOUEVEG TILEC
amo kamola Bacn dedouévev. Tovnbmg, N HEB0S0G 0T ¥PNCIUOTOLEITAL VIOt TNV €DPECT TNG
tonofeciog Tov ¥PNOTN LESO GE KTNPLO KOl 0L UETPNOELS Yivovtal o€ éva avbaipeto TpdTLITO
mAéypo mov mepPdAiel to kmplo. e v avalnmmon ot Pdorn dedopévov umopei va
ypnoomroindel £vag aAyoplOHoc 0VTOGVGYETIONG TOAAATADY TIVAK®Y Kol GUVETMS VO YIVEL 1|
extiumon g tonobeciag. H pébodoc avtn givar modd akpifne, ®otdco amattel ToAD ¥povo
o1V LAOTOINGN ™G,

5.2.3.8 Xvvoyn

Ytov mapakdte wivako (Ilivakag 5.4) eppaviloviol GUYKEVIPOTIKA TO TAEOVEKTNLOTO KO TOL
HElOVEKTAUATO TG KAOE neBdd0L TOV TEPLYPAPNKE TPONYOLUEVMG.

Mé£0060¢ IMAcovektpota Mewovektipoto
o Amoutet
Métpra €0¢ KaAn Karzal’)el)véusvsg
T'ovia deiEnc (AOA) axpifela pe to KePaeg
Kot@AAnio hardware o Amoutei yvon
TPOGAVOATOAIGHLOV

TCoviokn dtapopd GeiéEng
(ADOA)

Xpovog apiEng (TOA)

Xpovikn 610popd ApiENG
(TDOA)

Koyéin npoéievong (Cell-
of-Origin)

Tpryoviopog (Triangulation)

Xpnomn aroTuTOUdTOY
(Location Fingerprinting )

Agv amoutel yvaoon

Eivan avayxoaio n
TPOcONKM €vOG

TPOGOVATOAIGLOV eMmAEOV GTAOLOD

Péong

e Ototofuoi Baong

Apketd KaAég npénel vo etvat
EMOO0ELG GE GUYYPOVIGULEVOL
ECMTEPIKOVG Y DPOVG o TUVOAKG YOouNAT|

axkpifela
ApK(?w Kahég e JUVOAKG yopmAn
EMOOGELG O .

akpifela

E0MTEPIKOVS YDPOVG

O1 ctaBpoi fdong
vrapyovv non (cell
towers)

H tomobeoia tv
otabumv Bdong oev
petafarieton

Agv moapovcialet
peydan axpifela

[ToAb amAn pébodog

Anoutel kaBopiopd
TOV YOVIOV

Meydin axpifelo

Meyarog ypdvog
vAOTOINGNG

Iivaxag 5.4 - Ilcovextijuato & pelovekTipata Ty usdodwv svpeons torobecios
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5.2.4 Acbpuaro tomko dixtvo - WLAN (Wireless Local Area Network)

AOY® ™G peYANG TOvC avamTLENG, TO ACUPUATO OIKTLO, £YOVV YivEL O 1BAVIKOG
TPOTOG YO TNV TTOPOYN LINPESIOV WeD G€ QPUPUOYEC KIVNTOV Yo XDPOLS TEPLOPIGHUEVIG
KAMpokoag, Ommg oibovceg, YMOPOVG TOAVEMIGTNUI®V, EUTOPIKG KEVIPO, EYKATUGTUCELS
gpyootacinv Kat GALOVS EGMTEPIKOVG Ydpovs. ['a Ta €idn TV EQopHOYOY avTdOVY, 1 €DPESN
tonoBeciog péow WLAN givor pio evoagépovca TpocEyyion.

H mpopavic pébodog eivar va emitevuydel  €bpeon 0éong pe tov kabopiopd g
OTOCTUONG, UE TNV HETPNON TNG KaBvotépnong otn 614800t TOL GNUATOG ] UE TNV HETPNON
NG 1O0YVG TOL GNHATOG. AdY® TNG SOUNG TOV GUYYPOVOV KTNPI®V Kol TN OVIKAVOTNTOG TV
WLAN kaptdv d1ktHov kot Tev onpeimv tpdcfaong, oev umopet va yivel ypnon kot v 600
TILAV OTNV TPAEN.

H Baowm 10éa givar va, ypnoponombel Eva yevikd LOVTEAO S1A500TG ONLLOITOC KOl VL,
yivel TOPAUETPOTOINGT TOV HOVTEAOL OLTOV HETH amd KAmowo aplOpd SOKIUACTIKOV
petpnoemv. O pafnpotikdg vroAoylopdg €vog Tétoov poviédov Ba nrav  Wuwitepa
moAVTAOKOG. H Kivnti cuoKkeLn] TOL XPNOTN HETPAEL TV 10YD TOV GNLOTOG ATd OAC TOL GTUElDL
TPOGPUcNG TOL PPIcKOVTOL TPLYVP® TOV KOl HETOPEPEL TO, OECOUEVA AVTA GE VO, GLOTI LN
g0peong tonobeoiag o onoio vroloyilel T 0éon Tov ypiotn (EKAHAU positioning engine,
www.ekahau.com).

Mo dAAN Tpocéyyion givar va yivel tpomomoinon Tov onueiov tpdsPacnc, e oKomo
ToV KaBopIopd TG AmdoTAoNS HEXPL TNV KIVIITH] GUCKELT LETPDVTAG TO ¥POVO EKTEAECTG TOV
ofuatog (signal run time). Xvokevég téTo0G TPOGEYYIoNG KATACKELALOVTOL 0O ETOUPEiES
omwg n WhereNet (www.wherenet.com).

5.2.5 Bluetooth

To Bluetooth givor pia texvoloyio padlocuyvoTHTOV KOVIIVOV OTOCTAGEMY, 1| 00l
EMITPEMEL TNV  EMEKTOOT TNG OCVPUATIG OLVOECIUOTNTOG UETAED TPOCOTIKMY Kol
emayyeuatikdv cvokevmv. H teyvoloyia Bluetooth, mapovoidletl epféreia me tééng tov 10
LETP@V YOP® GO TNV GLGKELT] TOV YPNOTY, 0 0moiog pumopel va etvan otoTkdg 1 o€ kiviorn. H
Boaotkn 10éa etvar vo dnpovpyndei évo SIKTVO OVAUEGOH GE GLGKEVEG, OMMG alebnThpec,
Kéipepec, VTOAOYIOTEG XEPOS, GLOKEVEG YOV, KTA. Ol omoieg Ppickovtal Kovtd UeTa&ld Tovg
KOl KOVTE GTOV YpNOTN.

H Sadwkacio edpeong tomobeciog pe ™ ypnon Bluetooth Aeitovpyei mapdpola e
avt) tov diktoov WLAN. ®a mepipeve Kaveig 0Tt €£01Tiog TOV KOVIWVMY OmocTAcE®Y Bol
EMTLYXOVOTAV UEYOADTEPN OKpPiPeln, ©oTOGO dgv Tapéyovrol mpdtumeg pébodol yo v

UETPNON TNG 1OYVS TOV GNHOTOC,

5.2.6 Aldes uéboodor evpeons tomobeoios

210V TOMD TNG TAONYNONG OEPOCKAP®V, EUPOVICOVTOL OLOPOPETIKE GLOTNHLOTO
mhonynong mov Pociloviar oe @apovg wov gkmépmovy padrokvpere (radio beacons). Ot
(Aapot avtol Umopovv eite va ywplotovv pe Pdon tov Topéa otov omoiov Ppickovral, gite va
YPNOWOTO00V TN dpopd edong Yo va kabopicovv v kotevbvvon mpog avtovg. H
dwpopd @dong petalld evog (edyovs TOUTMV, EMTPEMEL GTOLG KWNTOUS GTOBLOVS Vo
mpoodopicovv v Bon Toug pe akpifela amd 200 Emg 500 pétpa.

ZopPatiKd GVGTHRATO PAVTAP YPTCLUOTOLOVVTOL EVPEWMG VIO TOV EVIOTIGUO KOl TNV
gvpeon tomobeciog otn aegpovovmnyio kot ot vavtidia. To véo cvotiuate pavtdp mTov
VILAPYOVV OEV EKTEUTOVV TO OIKO TOVG G0, OAAG YPNGLOTOOVV AVAKAMDLEVO CHOTO OO
padlooTafpoe Kot Kivntd TNALP@va.
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dvowd N teyvntd opoonpo. (landmarks) omwc eykaTaoTAGES N YE®YPOUPIKOT
OYNUOTIGUOT, UTOpPOVV Vo, xpNoiorotnfody yio TNV onTikn e0peot tomobeciag, OTmg emiong
KoL M gpnon AEWLeEp KoL TPLY®VIGHOY TOV TEPIOYMV TOV TEPPAALOVY TO. OpOGTLLO OVTAL.

H tegyvoroyia RFID, pmopei va ypnoiponomBel yio tov evtomiopd tomobeciog. ITo
ovykekpéva ol etikéteg RFID, PBonbodv ctov eviomiopd oviikeévov 1 avipomov. O
EVTOTIGUOG OQVTOG EMTVYYAVETOL LEGH GE PKpOTEPT EUPELEL amd ddreg peBddovg.

AMAEG GVOKEVES TOV UTOPOVV VO YPNGLUOTOWB0VV Yo TOV TPOGAVUTOMGUO KOt TOV
EVTOTIGUO TN dadikacio Tng Ao ynong kot kabodnynong oynudtov, ival ot Yneuokég
muéidec.

TENOG, VTTAPYOVY Ol RAYVNTIKES KOl OTTTIKES GVGKEVES EVTOTTIGNOV. O LoyvnTIKEG
OLOKEVEG YPTOILOTOIOVV TO  UayvnTikd 7edio yio va Kabopicovv TG TPLodlicTOTEG
GUVTETAYUEVEG TOV ¥PNOTN. Ol OTTIKEC GLOKEVEG KAVOLV ¥PHON TOV OKTIVOV QOTOS Yo Vo
UETPHOOVV TIG YOVIEG TOL ATALTOVVTOL Y10, VO TPOSOI0PIoTEL 1) {nTovpEVT BE0T.
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6 Adpavelaxo cvoTyua
nlonynong — Inertial

Navigation System (INS)

Y10 Kepdhowo 6, Oo meprypapel to Adpavelakd Zvotnpo IThonymong — Inertial
Navigation System (INS), mov anotelel v w0 dadedopévn HOpET GLOTHUATOS TAONYNONG
Y0 ECMOTEPIKOVG KOl EEMTEPIKOVG YDPOVG.

6.1 Ieprypapn cvetijuortos

To INS amotedel éva cOoTNUA TAONYNONG TO 0010 VIOoAOYileL TV Tapovoa BEGN TG
GLOKELNG GE GYEOT e TNV apyiKT| TG Tomobecia. Avtd emrvyydveror Aappdavovtag v’ oy,
NV emTdyvvon, v ToydTae, TV katevbovvon kot v opykn 0éon g ovokeune. ‘Eva
ovotnuo INS cuvnbwg ypedletol Eva EMTAYVVGIOUETPO YLO. TNV HETPNON TNG Kivnong, éva
YUPOGKOTIO 1 KATO0 TAPOUOIN GUGKELT Yo TNV €0PecT TNg Kotevbuveng kivnong Kot Evov
VITOAOYIGTH Yl0L TNV EKTEAEOT] TV vOAOYIoU®V. H Béom mov eival oyetikny pe v opykn
tonoBecia, pmopel vo LTOAOYoTEL OO TIG UETPNOELS TOV EMTOXVVOLOUETPOV, Ol OTOLES
TOPEYOLV TANPOPOPIEG KIVIONG GYETIKEG LLE TPONYOVLEVO GTLYIOTLIO ToTtoBesioc. Mdvo e
TO EMTOYVVOIOUETPO, TO GUOTNUO UTOPEL VO OVIXVEDCEL GYETIKES KIVIOELS, KOTL TOL KAVEL
amapaitnTn ) gpnon tuéidag yia tov kabopioud g katevBuvong kiviong. [9]

6.2 Dead Reckoning (DR)

Dead Reckoning (DR), ovoudletor m dwdikooio kot tnv omoio yivetar o
VTOAOYIGUOC TNG BE0MG TOV AVTIKEIUEVOL YPTOLUOTOIDVTOG MG CNUEI0 avaQOPAg TNV OPYIKT
tov Béom. Avtd emTuyydveTal HE TOV VIOAOYIGUO NG MOPOLGOS Tomobesiog HECH NG
EKTILMDLEVNG TAYVTNTOC, TOV ¥POVOL TOV YPELIGTNKE Y10, VO LETUPEPDEL OO TNV TPOTYOOLEVT|
0éom omv mopovoa kot pécm g Katevbuvong g cvokeune. Ta cvyypova INS cuotipata
Baciovtor moAv oty dwdikacio DR kot €101KG 01 0VTOUOTOTOINUEVEG EPAPUOYEG YO TNV
TAONyNo™M OYNUAT®V.
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‘Eva peovéktnpo tov Dead Reckoning, eivat 10 mocootd tov c@oAUdTOV, TOL
umopel vo givor 10taitepa vYNAG, AOY® TNG «GLGGMPEVTIKNG @VONG TNG OlOIKOGING.
Ankodn, Yo TNV TPOGEYYIOT TNG TAPOVSAS BEGTC TOV OVTIKEILEVOD EIVOL OAPAITNTN 1) YVOON
Mg 6MGTHG TTPonyovuevng Béomng tov. Omtdte N 6ol THAVOTNTO GPAANATOC, B avéavotay
exBetikd og oyéomn pe to xpévo. ‘Eva dAio mpdfAinpa mov propel va TopovcilaoTtel, givatl 0Tt
mapd, TNV gvupeia yprion e peBodov avtig ota cvothuata INS, n vAomoinon g o€ atopukég
GLOKEVEG TAPOVGLALEL OPKETEG OVOKOAIEG AOY® TNG YOUNANG TOOTNTAG TV GNPV TOV
givar daBéoyol. O B6pvPog tov ausnTipa Bo «KOADTTEW TO GNUO HE OTOTEAEGHO, TNV
avénon g mBavoTNTUg GPAALOTOC.

6.3 Ilpocapuoyn orov yaprty — Map Matching

H «mpocappoyn otov yaptn» givar pio pébodog yio T cuyy®@VELGT dESOUEVAOV OO
TNV g0pecT Tom00EGI0G GNLOTOG Kal atd TO SIKTLO TOL YNPLUKOD XOPTH TOV XPTCLLOTOIEITOL
v v avamapdotacn g 0éong (Ewodva 6.1). Me 1 cuyymvevon avty, yiveTol 1 eKTipnon
g 0€omg Tov KIVNTOD AVTIKEEVOL 1 01010 TPOGAPUOLETOL KAAVTEPH GTOV YNOLUKO XOPTY.
H mpocappoyn otov yxaptn, Ponbda mepiocdtepo Otav m (nroduevn Oéom avapéveror va
Bpioketol o £va GLYKEKPUEVO LOVOTIATL, OTIMS 6TO TPOPANUO EVIOTIGHOD EVOC KIVOVLEVOD
oynuaTog og dadpopn pag svokevng GPS.

sitioning data

algorithm
digital map posion

Eixéva 6.1 - Map Matching Method

Yrdpyoovv 600 £16®V aAyopdot yio mpocappoyn otov xdpt: online kot offline. Ot
online aAyopiBuotl ypnopomolodvTal 6 TEPIMTOOEL 0TI OToieg &ivar dwabéoipa povo ta
OedOUEVO, TNG TOPOVCAG KOL TNG TPOTYOVUEVNG KOTAGTAONG, Y0 TNV €KTiunon g 0éong,
omw¢ ovuPaiver kot ot ovokevég GPS oe éva Oynmua. Ot offline  aAyopiBuot,
YPNOWOTO00VTOL 0TV Elvar SL0OECIUES LEPIKEG 1] OAEG O1 LEALOVTIKEG KOTOOTAGELS, OTTMG Y10
TOPAdELYLO, Lo 0T YVOOTN KATAYEYPOUUEVT S1adPOUT EVOG KIVOOLEVOL OVTIKELLEVOD.

6.4 Teyvixéc mpocapuoyns

IMa va givon gprion 1 ewova 1 t0 povtéro evog YapTr, 6€ EPOPUOYT AOYIGUIKOD Oa

TPEMEL Vo YIVETOL UETATPOTN OE M0, KOWWOUPYlo, doun OE00UEV@Y, 1 OTolo, TOPEYEL TNV
amopaitnTn TANpoeopic. oe HopeN TOL €ivan TPosPaciun. YTAPYouv TECOEPLS KATNYOpieg
OTIG OTOIEG EMKEVIPDOVETOL 1 AVOTOPACTAGT EVOG XAPTN:

e Xvuvdeowodtnta (connectivity)

e  Eyydmta (proximity)

e Awtopun (intersection)

o Ididtnrta péhovg (membership)

AQOopeTIKEG SOUEG XAPTN UTOPEL VO EMKEVTIPOVOVTOL GE KATOLES KOTIYOPIES MO TOAD, o’
Ot o€ GAAec. Av ta apyikd dedouéva (raw data) Bpickovral o€ éva apyeio CAD, 1 dadikacio,
glval o amAn 010t 1 doun £xel oM avaivbel oe amAd ototyeia.
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Av 10 6¥£610 TOV YApTN Elvan og popen .jpg, .png or .pdf, n dadikacio yio TNV peTATPOTN
TOV apYIKOV dedouévav o TpmToyevn doun dedopévov (primitive data structure), amottei
YPNON TEYVIK®V ENEEEPYAGIOG EIKOVOG, CUUTEPIAUUPAVOUEVOD TNG AVAYVDPLOTG OVTIKELEVMV
(object recognition) ka1 @iAtpapiopa dedopévmv (data filtering).

6.5 Ipagiky avarapdoetoocny

IN'a w™v epoppoyn aiyopiBuov ypdewv pe o©KOTO TOV TPOCOOPIGUO  TOL
GUVTOUOTEPOL HoVOTTaToN UeTa&h 6o Tomobesimv, ival amapaitntn 1 LETOTPOTN TNG SOUNG
OVOTOPACTACNS EVOC XAPTN, ATt TOlYOLE, O1dPOUOVE KOl TOPTEC GE LI, OO TOL VO, SLaBETEL
povo kOpuPovg kot ocvvdéoelg peta&d TV KOuPov  avtdv  (aKpég). TNV YpOOlKn
OVOTOPACTACN, TO OMUATIO, TO GTALPOOPOULN, Ol OKAAEC, Ol OVEAKLOTNPES KoL GAAM
KTNPWKE TUNUaTe ovaropiotavtol omd kOpPovg, evd ot S1ddpopol ovamopioTavtol pe
ouvdécelg petald 6vo kopPov mov ovopdlovtor akpéc. Emiong, évag woppog Srabéter
TAnpoeopio oyetTikn pe v tomobecio. H minpopopia avtn mepthapPavel TG GUVIETAYUEVEG
TOV KOUPOL Kot Evay cOVOEGUO TTPOG pia PAon dEdOUEVOV amd TV 0Toid 0 ¥PNGTNG UTOPEL VA
OVOKTNOEL TEPLGGOTEPT TANpOoPOpia Yo Tov KOpUPo avtd. Mia chvdeon peta&y dvo KOuPwv,
dNA®VEL TNV dLVOTOTNTO QeSS LETAPOONC Ao ToV Eva KOUPO 6TOV GAAOV Kal GTOV YPApO
dnAdvovtor g gvbeieg ypappés. O1 KAUTOAES Kl 01 GTPOPEG EVOG XAPTT, AVOTOPICTOVTOL [UE
TEPLocOTEPOVG 0O Evay cLvdEouovg. Ot cupuPacelg oyedioong avTéS, €(oVV G0, OKOTO TNV
O OMOTEAECUATIKTY EKTELECT] TOV QAYOPIOHOL SLOTEPACNG YPAPWV.

6.6 AlyopiBuogs dpouoloynens

e TeAKO OTAd0 Elval amapaitnTn 1 €TAoYN evog alyopifpov dpopordynong yo v
€0UPEGT TOV GLVTOUOTEPOV LOVOTOTION HETAED Vo KOUPBwV o€ évav ypdeo. Tumkd, n oyéon
ovvdeong Hetad TV KOUP®V GE Evay YPAPO avamapicTUTOL LE VAV TIVOKO SO J1UCTACEDV.
H oyéon avtn ovopdletor Bapog (weight) 1 koéctog (Cost) yia v petdfacn omd tov évav
KOUPo 61OV GAAOV Kot UTOpEl Vo avTITPoS®REDEL 0ndoTaon, ypovo 1 Pabud gvkoring. H
EMAOYT TG dOUNG dedouévev Ba ennpedoet o péyeboc e PAong dedopévev OTMG EmioNg
Kol TV emidoon tov aAiyopifuov Spopordynong mov Ba ypnowomomBel. Ot didpopot
oAyOopOoL  €VPECTG GUVTOUOTEPOL povomaToh £yovv ouvlnmlel kor meptypapel ©T0
Keopdrawo 6.

6.7 2vumepdaouora

Ot mopomdve O10d1Kacie GmoTEAOVY TO TUNUATO OfO To omoio, dopeiton €va
adpavVEIOKO CUOTNUHO  TAONYNONG. AmOTELOVV  ®oTOGO, Pootkd SOUIKA CLOTOTIKG
OTOI0VONTOTE GUGTHIOTOS TAONYNOTG TOGO GE E0MTEPIKOVS OGO Kol EEMTEPIKOVG YDPOVG.
INa ka0e cvouo pmopel va 600l ERpaon o€ KATO10 YapakTNPLoTKO mo ToAD and Eva dALo
GUOTINO, UE OKOTO TNV KOAVTEPT KOl ATOS0TIKOTEPT EELANPETNON TOV AVAYKDV TOL YPNOTN.
[Mopd to yeyovdg 6ti £xovv mpotadel apkeTd GuoTHUATO TAONYNOTG, dEV Elval akdpo dSvvaTo
va amoleipBovv ot Teyvikol kot ol ypnoTikol meplopicpol (xounin axpifela, avaSlomoTia,
SVGKOAID, GTOV GYESIAGO, YOUNAT OCQAUAELD KAl VYNAO KOGTOC TPOTOTOINGNC).
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7 2y ed106U0C EQapuoYic

210 KeAAao avtd Ba yivel n TEPLYpOOT| TNG EPAPLOYNG KOL TOV AELITOVPYLOV
™G Kot 00 TOPOVCLAGTEL 1] APYITEKTOVIKT TOV GUGTNHOTOS TOV VAOTOIONKE.

7.1  Ewcayowyn

210 TAaiolo TG TapoVcas EPYNCING OYESIACTNKE KOl VAOTOMONKE L0 EPOPLLOYT TOV
nepropPavel 6ha ta Pacikd yopoktnplotikd tng teyvoroyiag RFID. H spapupoyn avty
YPNOLUOTOLEITAL Yiow VO, dloYEPLoTElL VAIKA 1 TPoidvTa UioG amobnkng, KAmolog eToipeiog
EUPLOADOEDY Kol €QapudoTNKe o€ évav Kvntd avayvootn tng iDtronic (Ewodva 7.1), o
omoiog Asrtovpyel oe mOAD vymiéc ovyvotnreg (UHF ~ 900MHZz). TlapdAinia
ypnopomoOnkay TabnTIKEG eTiKéTEG (passive tags) mov ypnoiporolovv o tpmtdékoriro EPC
Gen2, yio v avayvopion tev tpoidviov (Ewova 7.2). [7]

3.Antenna
1.Gun Connector

2.Gun Locker

Ewova 1.1 — O avayvderns RFID mov ypyoworonjOnrxe (RFID Reader Gun-Type)
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Eixéva 7.2 - O1 maOntirés erikéres RFID mov ypyowononjOnrav (RFID passive tag)
1.2 Ieprypapn cvetijuotos

H epappoyn mov vAomomjnke aviKel TNV Katnyopio Tov «ITEAAT — eEVTNPETNTI»
(client - server). O wmehdtng (Nt omd tov e&umnpeTnt TANPOPOPiEC KOl O
terevtaiog eEumnpetel 1o it TOPEYOVTAG TOL TIC TANPOEOPieg AVTEG. APOV TEAEIMGEL N
owdkacia, o e5umNPETNTNG TEPUEVEL E®G OTOV KAMO10G MEAGTNG VIOPAAAEL TOAL Kdmoln
aiton yw e&umnpémon.

7.2.1 To povtéio «melary — eComnpeTnT»

2V EMOTHUN TOV NAEKTPOVIKDOV VTOAOYIGTAOV, TO LOVTELO OPYLTEKTOVIKNG «TEAGTN
- gEumnpetm» N oAMdg client — server, amotelel pia cuvON PEBOSO aVARTVLENS AOYIGHIKOD
oV omoio 0 mEAGTC N éva Tunua Aoyopkov (client) {nté xdrt (m.y. évav mwdpo, ta
amoteAéopata €vOG VTOAOYIGHOV, KTA) Kot éva A0 TUNHO AOYIOULKOD, O €ELMNPETNTNG
(server), tov to emioTpipel. Kabe e&umnpetntig puropei vo eEvanpetei moAlovg meldteg.

O g&oanpem ¢ Kot 0 TEAITNG UTopohV Vo EKTEAOVVTOL GE JLOPOPETIKEG OLEPYOGIES,
ol omoieg Ue TN GEPA TOVG UTOPOVV VO EKTELOVVIOL GE OLOLPOPETIKOVS VITOAOYIGTES, OMOTE
amorteiton £vo SiKTVO VTOAOYIGTAOV Y10 TNV EMKOVOVIo HeTa&d Tovg.

7.2.2 Amo tq puepra tov «meldTny (client — side)

To kbplo Koupdtt TG €Qapuoyng tpéxet otov avayvootn RFID - og eninedo client -
kol €xel vhomombel otn yAdooao mpoypappaticpod C# pe n ypnon Tov TPoypPAUaTOg
avartuéng Aoywopwkod Microsoft Visual Studio 2008. Emiong, omuiovpyndnke po Tomkn
Bdon dedopévov mov givol TPOSTEAAGIUN UECH TNG YAMGGOOG TPOYPOUUUOTIGHOD EL01KOV
okomov SQL (Structured Query Language).

Apyika, o ypnotng apyilel wo tpocwmiky cvvedpio, (start session). ‘Enetta, copmvel
LE TOV OVOYVMDOTN TNV €TIKETO MOV Pploketol TPOSKOAANUEVN o€ €va TPoidv Kol oav
ardvinon AapPavel to EPC tov mpoidvtog mov cdpwoe. Av 10 Tpoidv avtd VIAPYEL 0T Pdon
dedopévav, eppaviCovral ol TAnpoopieg mov oyetilovral pe avtd. Xe avtibem nepintmon, o
YPNOTNG emepwtdral av emifupel va g1GAYEL TO TPOIOV UE TIG TANPOPOPIEG TOL GTNV TOMIKN
Bdon 6edopévav Kal aLTY| LE T CEPA TNG EVIUEPDVETAL.
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O yprotg £xet ™ dvvatdTNTA VO TPOTOTOGEL TOV NAEKTPOVIKO KWIKO TPOTOVTOG
(EPC) &dv 1o embopet, aAAALovTag To HOVAIIKO XOPAUKTNPLIOTIKO TOV TPpocdopilel To TPpoiov.

Kabe mpoidv eivar amobnievpévo oe pio. cvykekpuévn tomobecio péoa otnv
arofnkn. Metd 1 cdpwon Tov TPoidvimv 1 epapuoyn divel T dSvvaTOTNTO GTOV XPNOTH VO
gupavioet t0 ovvroudtepo povomdrtt (shortest path) mov mepvher omd TIC eKGoTOTE
amofnkevtikég B€oelg 6TIS 0MOleg AVTIGTOLYOVV TO TPOioVTa, €ite TPOKELTOL Yo EvamOdeon
UETA 0o TapaAaPn, €iTe Yo GLAAOYN TOPAYYEAING KOL OTOGTOAN.

7.2.3  Ano T peprd tov «elomypeTnTipy (Server — side)

H epoappoyn amd 1t pepid tov efvmmpemntn, €xel ovamtuybel ot yAdood
npoypappatiopod PHP kot tpéxet oe évav WAMP server. To WAMP givat éva mokéto mov
eyka01oTA €0KOAOD KOL YPRYOPO TO OOPOITNTO TPOYPOLUOTO 7OV OTALTOVVIOL OO TO
Aertovpyikd tov Microsoft Windows, yiwo va eykataotabei évag tomikdg web server. H
ovopoacio tov Tpoépyetar amd g AéEerc Windows, Apache, MySQL, PHP. Apache givot to
Aertovpytkd mov yperaletal yio va «tpé€em o gévmnpemte, MySQL esivor éva chotnua
Baocewv odedopévaov umopodv va omobnkevtovv mAnpoeopieg, PHP eivar m yAdooa
TPOYPOUUOTIGHOD Y10, TH dnuiovpyio celidmv web ue duvapukd teplexouevo.

Ortav 0 ypotg tereldosel T cvvedpio tov (end session), Tpénet vo evuepOoEL TNV
amopakpuopévn Paon dedopévov (mov Ppicketal g KATOOV VTOAOYIOTY]) YO TUYDV VEX
poidvTa oL glonyaye o ovtiy. o va yivelr avtd Ba mpémel va vrdpyel TpoéGPacn oto
dradikTvo.

O Adyog mov ypnoyomolovvtal dVo Pdoelg dedopévev givor OTL, G€ HEYAAES
EYKATAOTAGELG 1] EPYOOTAGLA, UITOPEL VO VITAPYEL TTOVTOV KAAvyn acvppotov diktoov (Wi-Fi),
Kt mov Ba Ekave advvatn TV ETIKOVOVIK Pe VOV OmOROKPUGUEVO SErver. 'Etot, og Tpdto
0TAO10, O YPNOTNG EVIUEPAOVEL TNV TOTIKN Pdomn dedopévav mov PBPicKETOL GTOV AVOYVAOGTN
RFID kot ot ocvvéyela otav €1oéABel oe guPéreta diktdov, evnuepmdvel Kot v Pdon
dedopévmv Tov Web server.

1.3  ApyiteKTOVIKI] COGTHUATOS

H apyitextovikn tov cvotiuatog o€ eminedo client, amoteAsiton amd tpio TuRpOTO Ko pic
tomikn Paon dedopévav:
i.  Avayvopion RFID (RFID Identification module): ypnowonowei o NET
B1pA0O7KN ov TapéyeTon omd Tov KaTaokevaot Tov PDA Yo ™) Stopdppmon Kot
v enepdTNON TOL avayvdotn RFID.

ii. 'Eleyyog diemaong ypnot (User Interface Control module): arotehei tov moprva
¢ client epappoync, viomotei T Aoyikn g Kat yewpiletat T demapn ypHot.

iii.  Aimuo minpogopiog (Request Information module): ypnowonowel 1o dedopéva
mov avokTNOnkav amd v avayvoon g etikétag RFID kot dwopopedvel to
artipoto dedopévav (data requests) mpog tov e&umnpetnth. To artiuota dedouévmv
guouv 1 popen vrép-cuvdéopwv  (hyperlinks) kot ov  omovticelg (replies)
hopPavovtat og html.

iv.  Tomxk® Bdon dedopévov (Local Database): Bpicketar oe évav tomikd e&umnperntn
SQL, mov ypnowponoteitor oe Kivntég ovokevég (SQL Server Compact Edition) kot
amoOnKeVETAUL GTN GUGKELY AVOYVAOGTY, G £va apyeio popeng spatial data file (.sdf).
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H opyutektoviky 100 ovotiuotog o€ emimedo Server, amoteleitor omd v TUMUO
e&umpétnong artnuatog (Request Control Service), mov givatl vredBvvo yia v £dpeon kot
Tapovcioon Tov dedopévav Tov (NTNOnkav Kol amd pio omopuakpuopévn (o€ oyéon pe Tov
client) paon odedouévav avoamtoyuévny oe évav MySQL server. To tufuo e&umnpétnong
OTNLOTOG, OOTEAEITOL OO dVO VILO-TUNLOLTOL:

i.  Tuqpo eléyyov (Control module): yia v npdoPoon ota dedopéva Thg Paong

ii.  Tuqpo oyng (View module): yio tv avamapdotoon Tmv S£30UEVOV VTV

H apyrtektovikn Tov cvotipotog epeavifetol tapakdto, oty Ewova 7.3:

; Client-Side———_ ~———Server-Side————
~ RFIDHARDWARE Server Application——
@ : D ( Request Constrol Service )
Reader RFID Tag
User Application ( ‘ VSN2 |
(( )
( RFID Identification w ( \ ( ))) ) ‘ ’ Control Mode ‘

y

{ User Interaction Control ;l

~—Remote Data base—

Request Information

—Local Database— 7 Wireless Access
Point

Data Repository

Data Repository

Eiwxova 7.3 - Apyrtektoviklj co6Tiuatog
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8 Yiomoinon

Y10 Keopdiaio 8 0Oo mapovciactel 1 epoppoynq mov viomoinke, pe OA0 1o
YOPOKTNPIOTIKG KOl TIG OLVOTOTNTEG TOL TOPEYEL 0TO YpNotn. Oa dobolv emiong, Kot
EVOEIKTIKG, KOLUATLOL KOOKO Y10 TV KOADTEPN avTiAnymn g vAoToinong.

8.1 H @opua “Scanner”

[Ipdkettar yio v apyk] eOpHo NG €PAPUOYNS TOL epgavileTon pe v
extéleon g (Ewodva 8.1).

Kopro mhaicio
EQOPHOYNG.

Eixova 8.1 - H apyixij popua Scanner

H o@oppa “Scanner” amoteieiton omd £va kOplo mAaiclo, o©to 0moio
enpaviCovior o1 KOOl TOV ETIKETAOV OV CopOONKAY Kol amd TEVIE KOLUTLE —
EMAOYEG :

1) Start Session: évapén cvvedpiag yia Evav xpnotn

2) End Session: tepuatiopdc cuvedpiog

3) Check Product: éleyyoc dobecipuotnrog mpoiovtog

4) Edit EPC: tpomomoinon nAektpovikod KmdikoD mpoidvtog omd Tov ¥pnot
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5) Remove (Selected): agaipeon emAeyuévov MAEKTPOVIKOD K®OKOD TPOIOVTOG
omd TO KEVIPIKO TANIGL0 GAPMOONG

6) Clear All: xaBapiopdc khplov TAGIOV EPAPUOYAG

7) Add to Path: eicaywyn mpoidvtoc otn dladikacio EHPEGNS TOV GLVTOUOTEPOV
LOVOTTOTION

8) Shortest Path: vroloyiopdc ko epEavion Tov GULVTOUOTEPOV LOVOTATION
9) Add New Product: eicaywyn ototyeiov véov mpoidvtog
10) Close: kieioio/teppotionds g EQOPLOYNS

Onwg eaiveton oty Ewova 8.1, amd to mopandved Kovumid, Hovo o T€00Epa.
and avtd givorl gvepyomompéva Kotd v évapén g eeopuoyng: Start Session, Add
New Product, Clear All kot Close.

Apykd o ypiotn¢ matdetl To kovumi Start Session yio va apyicet ™ cvvedpia.
KéBe popd mov yivetat eicaywyn evog vEov Tpoidvtog oty tomikn Pdon dedopévay,
amofnKevETAL N EI0AYWYN OVTY, 0VTOG DOOTE VO, EVNUEPWOEL Kol 1 AIOUOKPVOUEVT
Baon oedopévav oto TEAOG NG cvLvEdPiag TOv YPNOTH, ONAASY, OTAV TOTHGEL TO
koopni End Session. To mhtnua tov kovumiov Start Session mpoxodrel v
amevepyonoinon tov kovumod End Session kot avtictpopa.

H ecaymyn evdg mpoidvtog, umopet va yivet pe 0vo tpdémove. Eite matdvtog to
kovpni Add New Product kot o ypfotng HETAQEPETAL OTN QOPUO ELGOYOYNG
TANPOPOPLOV TPOIOVTOC, EITE LLE TN GAPMOT| TNG ETIKETOG Kol apoV dtomoTmOel 0Tt TO
TPOiOV 0V VILAPYEL oTN PAon dedouEvmv. XNV TEPITTMOON QTN O YPNOTNG EPOTATI
av emBupel va glodystl To vEo TPOidV 6TV TOTIKT BAoN SE00UEVOV KOl OV O YPNOTNG
OTTOVTNOEL KOTAPUTIKA, epgovifeton M avtiotoyn eOpUo EIG0YMOYNG TAPOPOPLDYV
TPOIOVTOC.

IMo va avayvopiotel Eva tpoidv, Bo Tpénet va yivel 6apmoT TG ETIKETOS TOV.
Avtd gmitvyydvetar pe o martnpa g okavoding tov RFID Gun Reader. Otav yivet
EMTLYNG GAPMOOT UG ETIKETAG epPoviletar 0 NAEKTPOVIKOG KOIKOS TPOidVTOS GTO
KOPLO TAOIGLO EPOPUOYNG KOl OKOVYETOL GTY] GLUGKELN £VOG XOPOKTNPLOTIKOS 1XO0G
emvyiog (Ewova 8.2).

Eixova 8.2 - Avayvapion eTikéTag pue to mdtiua TG 6Kavoding
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Me v emtuyn avayvopion HOG ETIKETAS, EVEPYOTOLOLVTOL TO, Kovumd: Remove
(Selected), Edit EPC ot Check Product. EmiAéyovtog évav kmdikd omd t0 KOpLo
m\aiclo kot matodvtag Remove (Selected), apapeitar o cuykekpipévog KOIKOS omd
) AloTo.

8.2 H @opua “New Product”

IMotovrag to kovurni Check Product yiveton éleyyog yo ) Swbeodtnto tov
TPO1OVTOC GtV TomKN Pdon dedopévav. Xe TepinTtmon mov 0 KOO dev VILAPYEL 6N Pdon,
eppaviCeton n eoppo “New Product”. H @oppo anth] evijuep®dvel TOV ¥pHoTH Yoo THY un
Omopén TOL GLYKEKPIUEVOL TPOIOVTOC Kol TOV pmTdel edv BéAel va 1o €lodyel otn Pdon
dedopévev, Onmg paivetol otnv Ewdva 8.3:

Eiwxova 8.3 - H popua "New Product™

Av o ypnotng matnoet to kovpuni NO, yivetat emotpogn otn eopua “Scanner”, evod oav
TaTtHoEL TO YES, UETAPEPETAL 0TI POPUA EIGOYOYNG TANPOPOPLdV mpoidvtoc “Add
Product Info”.

8.3 H gopua “Add Product Info”

T eopua. Eloaymyng TAnpoeopidv mpoidvrog “Add Product Info” (Ewdvo 8.4)
vapyovv €&L media 6TaL OOl O XPNOTING EGAYEL TAL YOUPAKTNPIGTIKA TOL TPOIOVTOGC.
Avtd gtva:

1) EPC: 0 nlextpovikdc KOSIKOC TPOIOVTOG TNG ETIKETOGC

2) Product Code: 0 k@d1Kkog avayvdpiong Tpoidviog e Tapeiag
3) Product Name: to évopa Tov Tpoiovtog

4) Expiration Date: n nuepounvia AnEng tov mpoidvtoc

5) Storage Location: n torofesio amobnkevong tov Tpoidovtog

6) Status: n katdotacn vyeiog Tov TPOiIOVTOG (VYIEC T} ANYUEVO)
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H @oppoa drobétet kKot tpio KOLUTE — EMAOYEG:
1) Back: kAeioiuo g @OpLOG KOt ETGTPOPN OTNV apyIKn eOpua “Scanner”
2) Clear: kofopiopudc OA@V TV TESI®V TS POPLOGC
3) Submit: xotoydpnon tov véov mpoidvtog otn Paor dedopévav (apyikd sivol
ATEVEPYOTOINUEVO)

Ewéva 8.4 - H pépue ""Add Product Info™

Otav cvpumdinpwbodv 6o ta wedio evepyomoigitarl to kovpmi Submit. Exiong, 6tav d00&i 1
nuepopunvio. ANEng tov Tpoidvtoc, oAldlel To yphua Tov mediov Status (mpdovo yia vYEG
TPOIOV, KOKKIVO Y10, ANYUEVO TPOIOV) Kol CLUUTANPMVETOUL QVTOUATA UE L0 OO TIG EMAOYEG
Healthy 1 Expired (Ewova 8.5).

Ewéva 8.5 - H pépua "Add Product Info” ue courinpouéva nedio
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Mg 10 mhtnua tov Kovumob Submit, yiveton Eheyyog TG £YKLPOTNTAS TOV TESI®V KAl 6TN
GUVEYELDL EVIUEPMVETOL 1| TOTIKN Pdon oedouévav, gueoviloviog éva UVOp EmTLY 0D
koatoyopnong (Ewova 8.6).

Eixova 8.6 - Emitoyijs kataydpnyon

Mrvopo 6eaipotog eppaviCetal oTic mepmtdoelg mov 610 nedio EPC dev éyovv sloaybei 28
Yapaktpeg N 6gv €xel dobel cwoth tomobecio amobnkevong oto medio Storage Location.
Eniong, eppaviCeton pivopa e10omoinong og nepintwon mov ewcoydel mpoiov pe 1o id1o0 EPC i
Product Code (Ewova 8.7).

Eixova 8.7 - Mijvoua yia 1105 vzdpyov mpoiov
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8.4 H gopua “Product Information”

Av petd to matnpoe Tov kovpmiov Check Product tg oppog “Scanner”, diomiotwbet
6t to EPC vrapyet ot Pdon dedopévov, tote gppavileton 1 eopuo “Product Information”
Ue 115 mAnpopopies tov mpoidvtog. Ta medla TG POPUOS QLTS vl HOVO Yo avAyvmom
(read-only), dnAadn| dev pmopel va eloaybei 1| va tpomomomBel minpopopia (Ewkova 8.8). Me
10 mhnpa Tov kKovpmov Back, yiveton emotpoen oty eoppa “Scanner”.

Eiwxova 8.8 - H popue "'Product Information™
8.5 H ¢opua “Edit Tag Data”

H epoppoyn mapéyxel oto ypniotm 1t dvvatotnta vo tpomomomosl 0 EPC. Agod
emideyel o EPC mpog tpomomoinon and 1o kiplo mAaioto kot watndel to kovuni Edit EPC

yivetan petapopd otn eopua “Edit Tag Data” (Ewova 8.9).

Eixéva 8.9 - H popua "Edit Tag Data"
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X oppa ovth epeaviCovron tpia medio: EPC, New Serial Number kot New EPC. Amd avtd
10 EPC kot New EPC givar povo yio avdyveon. Xto nedio EPC gpoaviletor o k@dikde g
ETIKETOG OV TTPOKELTOL VO TpOoToTolnfel. X Guvéyeln o ¥pNoTng eodyetl o 12 televtaia
ynoio Tov vEou Kodtkov kat oto medio New EPC gpeavileton to véo EPC mov wpoxvmtet. To
kovuni Modify evepyomoteitar dtov gicoybodv 12 yneia oto nedio New Serial Number. To
kovuni Back mpoxaiei petdpacn ot @opua “Scanner” (Ewcova 8.10).

Eiwxova 8.10 - Tpomomoinon tov EPC

Me 1o matnua tov kovumtod Modify yivetan 1 adiayn Tov NAEKTPOVIKOD K®SIKOD TPOidVTOg
Kol M etikéTo amoktd o véo g EPC. 'Etot, 6tav copmbel mwdil n etikéta Oo eppaviotel to
tpormonompévo EPC (Ewdva 8.11).

Eixova 8.11 - Zapwon s idiag etikérag npty kot puerd v allayy EPC
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8.6 H @opua “Shortest Path”

INa kdBe Tpoidv mov capdverol Kot LLAPYEL 6T PAcn dedouévayv, o XpNoTNG Umopel
Vo TO €16AYEL 6T €SO VTOAOYIGHOD TOV GUVTOUOTEPOV HOVOTATION, emAéyovtag to EPC
0V and 10 KOHpo mMAaiclo Kot matdvtag to kovuni Add To Path. ‘Etot, 6tav o ypriotng
nathoel to kovuni Shortest Path, Ba yivel 0 vVTOAOYIGUOG TOV GUVTOUOTEPOD LOVOTOTION, LE
Baon tig amootdoelc TV tonobecidv TG amobnkng ot omoieg eivar amobnkevuéva Ta
polovta. mov €yovv emheydel. Metd TOv VTOAOYIGUO TOV GUVTOUOTEPOL LOVOTATION,
enpavieton n @oppo. “Shortest Path”, 6mov mapovsidletor 1 KATOYN HOG VIOTIOEUEVNG
amofnkng otV omoia @aivoviatl OAeg o1 Tonobecieg amobnkevong pall pe to avayvopleTIKd
tovg (Ewdva 8.12).

Ewxéva 8.12 - H popua ''Shortest Path™

MHotovrog o kovpmi Next onuatodoteital, pe mpdoivo ypdpo, M €xOUeVN Totobecio otV
omoia mpémel va petafel o yprotng, e Ao TO GLVTOUOTEPO LOVOTATL TOV TOTOOEGIDV OV
enéhee. To kwovuni Close kAgivel t @opua “Shortest Path”.

‘Eotm 011 éytve 1 6Ap@OT TEVTE ETIKETOV KOl TPOEKLYAY 01 BEcElg amobnkevong pe
v mopoakdte ospd: GCEOL, PBKO9, ZLPAO1, ZLPKO08, PCC06. I'a kd&be mpoidv mov
capmbnke o ypriotng matdel to kovpuni Add To Path. Otav coapwbei kot to néumnto mpoiov, o
ypnomg motdet 1o kovumi Shortest Path. A@old extedestel M ovvaptnon gbpeong
oLVTOUOTEPOL povoTaTloD, epeaviletor n eopuo “Shortest Path” kot matdvtog to kovumi
Next, o ypriomg PAémel v Tomobecia Tov Tpénel va emtokePBel kKabe popd, péypic 6Tov va
KaAveBoV kot o1 Tévte Béoelg TV Tpoidvtwv mov copmdniayv. Eva otiypidtuno epedviong
GUVTOUOTEPOV LOVOTOTION, QOiVETOL TOPOKAT® otV Ewova 8.13:
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Eixova 8.13 - ZTiyui6tomo e0peons 6oVTouoTEPOL HOVOTTATION
8.7 H @opua “Navigation”

Otav 0 ypnotng oAoKANpdoeL T cvuvedpio Tov, Totdel To kovumi End Session kot
eUQAVICETOL AVAAOYO UTVOLLO Y10 EVIUEPMOT] TG OMOUAKPVUGUEVNG BAong dedopévav (Etkova
8.14).

Eiwxova 8.14 - Tepuatioudcs covedpiag
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2T OUVEXEWD EVNUEPAOVETOL T OIOUOKPUGUEVY) PAom Oedopévev pe OCEC ELCAYWOYES
TPOTOVTOV £KOVE 0 ¥PHOTNG KATA TN OAPKEIN TG GLVEDIPING TOV Kot eRQAvVILeTOL 1| EOpUL
“Navigation” pe aviAloyo HNVOUO YO TNV ETXTUXNUEVN M OTOTUYNUEVI] OAOKANP®ON TNG
dwadikaciog evnuépoong (Ewdva 8.15).

Ewxova 8.15 - H popua ""Navigation™

8.8  H amouaxpvouévy facn ocoouévav

O Joyeplot)g ™G OmoUaKpLoUEVNC Pdong dedopévav €xel Tn dvvatdTNTo, Vo OEL
OAES TIC e10ay®YEG OV £Yovv yivel amd tov yprotn (Ewova 8.16). TTapdiinio pmopei va
eneepyaoTel TIg £YYPaPEG TNG PAOTG KoL VO KAVEL TPOTOTTONOELS TOGO GTO 0EG0UEVH OGO KOl
0TOVG TVOKEG, e evépyeleg omws: SELECT, INSERT, ALTER, DELETE, DROP, «tA.

B 7l Server mysql wampserver » [ Database: products_db » @ Table: products_table

[l Browse 4 Structure L[] SQL =4 Search = ¥t Insert [ Export =} Import = =7 Privileges | g Operations = 2 Triggers

+ Showing rows 0 - 1 (2 total, Query took 0.0010 sec)

Number of rows: } 25 ';\ ElG(X'YO)’YT] ovo
Sort by key: | Nord "‘ VEWV TTPOTLOVTOV
+ Options
e ¥ |product _code epc product_name storage_location expiration_date status
[ & Edit & Copy @ Delete|100 3000777666986000123321123321 |Coca Cola 250ml | GCEO1 2017-01-14 00:00 | Healthy
[ & Edit & Copy @ Delete|101 30007776669BDDD9665544332211 | Sprite 500ml PBK09 2016-09-01 00:00 Healthy

t ) Check All With selected: 7 Change @ Delete [&d Export

Number of rows: ] 25 ']‘

— Query results operation: }

(& Print view & Print view (with full texts) [ Export gy Display chart 5] Create view

Eixova 8.16 - Evuépwon s armouarxpoouévis faens dedousvay
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8.9 Evoextikog kmodikag viomoinens oe CH#, SQL xar PHP

e Tia Vv Aertovpyioc tov RFID Gun Reader, ypnowonomnke to SDK (Software
Development Kit) tg ovokevng. Ilpdkerron yioo o Pipriobnkn mov ovopdleton
AT570UHF_NET.dIl ko1 ypnopomoteiton pe tnv €VioAn:
using AT570UHF NET;

e H dnpovpyia aviikepévav g kAdong ATS70UHF_NET yiveton pe v evion:

public static AT570UHF NET.AT570UHE NET RFID;
RFID = new AT570UHF NET.AT570UHE NET();

e [ v evepyomoinom TOL AVOYVAOTN, Kol TNV ovdyvoorn tov etiketov RFID,
ypnoipomomdnkay ot pébodot:

RFID.AT570UHF PowerON () ;
RFID.AT570UHF_ HWND () ;
RFID.AT570UHF Open() ;

RFID.GetMemoryData += new
AT570UHF NET.AT570UHF NET.UHF GET MEMORY DATAEventHandler (RFID
GetMemoryData) ;

RFID.GetReply += new
AT570UHF NET.ATS570UHF NET.UHEF GET REPLYEventHandler (RFID GetRep
ly);

e Me 10 TATNUO TNG CKAVOAANG KAAELTOL 1| CLVAPTNON:
protected override void OnKeyDown (KeyEventArgs e)

1 oo, e TN 6€1pa TG KoAel Tig pefddovg yio v avayvoon tov EPC g etikétag
KOIL TNV OVOTTOPOy@y ) TOV YOV E100TOINONG:

RFID.AT570UHF ReadUID(AT570UHF NET.AT570UHEF NET.UIDREAD CODE.EP
C_GEN2 ONE TAG) ;
PlaySuccess () ;

e Tw v Oonuovpyic kot v 7podcPocn oy  TomKY Pdaon  dedouévmv
ypnoworomOnkoy to. namespaces, SqlServerCe kat SqlClient:

using System.Data.SglServerCe;
using System.Data.SglClient;

H ovvdeon pe v tomikn| fdon dedopévav Eytve e TN OMOVPYIo OVTIKEWEVOD:

SglCeConnection sgl con = new SglCeConnection("Data
Source=\\some file.sdf");

UE 10 omoio yivetar ovuvdeon e 1o apyeio (.sdf) tng tomkng Bdong dedouévav.

o [ Vv ektéleom evioddv SQL onpovpynnkay avtikeipevo e Hopeng:

SglCeCommand sgl command = new SglCeCommand ("SELECT COUNT (*)
FROM [products_ table] WHERE ([epc] = @epc)", sgl con);

e [ Vv avdyvemon Tov amoTeLeGUATOV TG eKTELEONS TV SQL evioAdv oTnv TOTIKY|
Baon dedopévav, OMnUovpYNONKAY OVTIKEIUEVA TG LOPPNG:

SglCeDataReader sql reader;
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e [ Vv tpomornoinon tov EPC ypnowomomnke n uébodog:

RFID.AT570UHF BankSelectWrite (AT570UHF NET.ATS570UHE NET.MEMBANK
~CODE.BANK _EPC, start, WriteData);

e T v €0pecn TOL GLVTOUATEPOV HOVOTTATION, LAOTOMONKE 0 aAydpBpog Dijksrta
mov amoteAel uébodo (shortest_path) e khdong Graph:
Graph g = new Graph();
public List<char> shortest path(char start, char finish) {}

e O opopdg TOV ATOCTACEDV HETOED TV Tomobecimv amodnkevong £ywve pe v
KA omn g pebodoov:
Dictionary<char, Dictionary <char, int>> vertices = new
Dictionary<char, Dictionary<char, int>>();

g.add vertex('C', new Dictionary<char, int>()
{({ 'a*, 51%,{'B'", 8 },{'E', 12 },{ 'G"', 2 }});

e Kot n avictoiyion pe v ovouacia tg tonobesiog:

foreach (char ch in nodes_ shorted)

{
switch (ch)
{

case 'C':
final list.Add("ZLPCO9");
break;

default:
MessageBox.Show ("Invalid Location Detected",
"Alert");
break;

e [w v 7mpoOGPacn GTNV OTOUOKPUGUEVT PAom dedouévav ypnoomoidnke to
avTiKeipevo kat ot pébodot:
System.Uri uri;
uri = new Uri("http://192.168.2.4/check epc.php?code=" +

Program.insertions[1i] [0]+..);

nav = new Navi();
nav.webBrowserl.Navigate (uri) ;
nav.Show () ;
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e O kwdwog PHP yio v amopaxpuouévn Bacn oedopuévav:

<html>
<head>
</head>
<body>

<?php

$code = $ GET["code"];

Sepc = S GET["epc"];

$name = $ GET["name"];
$location = $ GET["location"];
Sexp = date($ GET["exp"]);
$status = $ GET["status"];
$inserts = $ GET["inserts"];

$con = mysgli connect ("localhost", "username", "password") ;

if (!Scon) {
die("Could not connect: " . mysqgl error());

mysgli select db($con,"products db");

Squery = "INSERT INTO products table (product code,
epc, product name, storage location, expiration date,
status)

VALUES ('Scode', 'Sepc', 'Sname', 'Slocation', 'Sexp',
'Sstatus')";

if (mysqgli query ($con, Squery))
{

echo "Remote Database was updated successfully.";

echo "<br />";
echo "Number of products added: ". $inserts;

else

echo "Error: " . Squery . "<br />"
mysqgli error($Scon);

}

mysqgli close($con);
?>
</body>
</html>
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9 Emiloyog

Xmv mopovoo  SUWAMUATIKY epyocio €ylve o mpoomdbeln  avaAvong Ko
pocéyyong g texvoroyiag RFID. IMapovsibdotnkav to facicd Tng XOpoKINPIOTIKA KOl T
otoyeio amd Tto omoio amoteleitor €va TETOO CLOTNUA. XTO TACICIO TNG €pyaciag,
oyxedraotnke Kot viomonke e epappoyn ywe PDA, mov ekpetadiedeTon TIg Aeltovpyieg
mg teyvoroyiog RFID, pe okomd tnv dleukOAVVOT TG OvVOyVOPIONS OVTIKEWEVOV GTOV
KAGd0 TOv gumOpiov.

H pébodor avayvapiong aviikeévov amd amoctoor €xovv NN kabiepwbel oe
TOAAEG amd TIC dpUoTNPLOTNTEG TOV avOpdmoV, YeEYOVOg TOov onpaivel 0Tt ot péBodol avtoi
emdéyovtal Peltiotonoinon Kot tpomomoloels. Ta cvotipata avayvopilong eéelicoovton
Kol ovoTTOOo0oVTOL UE YPIYOPOVG pubpovg ta tehevtaio ¥povia, Kot OA0 KOl TO TOAD QOPEIC
KOl EMLYEPNOELS GTPEPOVY TO EVOLAPEPOV TOVG OTIG TEYVOAOYIEG OVTEC.

Yto mAaicta g epyaciog, £yve 1 doKiun cuvdvacuov g teyvoroyiog RFID, pe tov
Non vrd e€EMEN Topéa TG TAOYNONG KOl O GLYKEKPIUEVD, TNG EVPECNC GUVTOUATEPOV
povomatiov o€ éva  diktvo. Ilapovcidomrav To cvotiuato Kot ot pébBodor  mov
YPNOYOTO0VVTOL YioL TNV €VPECT TOT00EGING 08 ECMOTEPIKOVG KOl EEMTEPIKOVS YDPOLS KO
£Ylve mePLYpapn TOV KUPLOTEP®V OAYOPIOU®Y EDPECTG GUVTOUOTEPOV LOVOTOTIOV.

O ocvvovacudg tv UeBddwV avTdV Kol TV aiyopiBuwv €bpeong cuvtopdtePoL
LOVOTOTION 00NyNoe o€ €va MPOTLTO GUGTNHO TAONYNONG, YVOOTO Kol ¢ «AJPOVELNKO
Yvomua IThofynong» (Inertial Navigation System) to omoio kot 7OPOLGLAGTNKE GTNV
TaPOVGA EPYOCiaL.

2y 101 OVATTUGGOUEVT TEXVOLOYIO TNG aVOYVAOPIoNG 0lTd AmTOCTOCT], 1 TPOcOnKN
TEYVOLOYLDV amd TOV TOpEN Tng mAonynong Bo pmopovce va Pondncel otn dnovpyia
cvotnuatov mov Ho oamiomoovoov Kotd TOAD Swudikacieg €OpPEcNC, AvAyVAPIONG Kot
TPOCTELUCTG AVTIKEWWEVAOV 1] VOPOT®V.
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