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MNadnTikA TnAemokoTTNON KOl YOpoypagia:
AvaoKOTTNoN TWV AAYOPIOUWY — HOVTEAWV
gCaywyng BabupeTpiag
A. K. Maupagiddmrouhog 2P ¢

& Taueio EQvikoU StéAou, athanasios.mavraeidopoulos@yahoo.com
P Evikdv kat Kamobiotpiakov Maventotiuio Adnvwv, Epyaotrnptio TnAEmiokonnong
¢ xoAn Nautikwv Aokiuwv, Epyactripio Nauvtidiag kat Oaiaooiwv Emotnudv

MepiAnyn. ZTnv TTapouca epyacia yiveral avaokOTTOoN Kal TTapoudiacn Twv CNPAVTIKOTEPWVY
aAyopiBuwv-povTéAwV TToU XpnoldoTtrolouvTal diEBvwg, yia TNV eEaywyn NG BabuueTtpiag atrd
oedopéva TnAemmiokéTNonG. O poadiopIouds TNG PaBUUETPIOG HE PEBODOUG TNAETTIOKOTTNONG
TTAPOUCIACZEl TTAEOVEKTAMATA KOl MEIOVEKTANOTA, WOTOOO OTTOTEAEI TTPAYUATIKA TTPOKANCN N
OuAoyn Kai n atrédoon Twv Babwyv o€ TTOAU PeydAng EkTaong BAAAOTIEG i} TTOPAKTIEG TTEPIOXEG,
ol otroieg Trapoucidlouv 101aiTepa TTPORAAUATA OTNV ACPAAEIQ TG VAUCITTAOIAG, AOyw Twv ETTIKI-
vOUVWV YIa TNV vauTIAia uTTOBaAdCOIWY QVTIKEIMEVWY ) TOU EVTOVOU avayAu@ou Tou BaAdoaiou
TTUBpéva. Ta va gival EQIKTH N EKTIMNON TNG XPENOTIKOTNTAG TNG BaBUpETpiag TTou eEAayeTal Ao
TNAEOKOTTIKA Oedouéva, Ba TTpéTTel va afloAoynBei n akpifeia, £€0Tw Kal TTEPITTTWCIOAOYIKE, TWV
Oedopévwyv TTou cUAAéyovTal atrd Toug OEKTEC TnAETTIOKOTINONG. ETTiong, emonuaivovral ol
TTAPAUETPOI TTOU TTPOCdIdoUV CQAAPATA OTOUG aAyopiBuoug PBabuuceTpiog, evw yivetal dia
TTpooTTA0eIa agIoAdyNoNG Toug atTd TTAEUPAG aoPAAEIag TNG TTAORYNONG TwV TTACIWV.

Passive Remote Sensing and Hydrography:
A Review of Models for Bathymetry Extraction
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“National Fleet Fund, athanasios.mavraeidopoulos@yahoo.com
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Abstract. This article presents an overview of the internationally prominent algorithms-models
for bathymetry extraction from remotely sensed data. Bathymetry derived with remote sensing
techniques has advantages and disadvantages; however it constitutes a challenge that depths
can be derived over extended coastal areas with problems to the safety of navigation due to the
existence of hazards, submerged objects and irregular bottom releaf. Parameters, associated
with erroneous results in the abovementioned models are discussed, while an effort of evalua-
tion is done of various bathymetric models from the aspect of safety of navigation.
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EIZAIrQrH

2Uhewva pe Tov AieBvry Yopoypagikd Opyavioud (International Hydrographic Organization -
[.LH.O.) nemoTAun Tng Ydpoypagiag opideTal we :

“That branch of applied sciences which deals with the measurement and description of the
features of the seas and coastal areas for the primary purpose of navigation and all other
marine purposes and activities including —inter alia- offshore activities, research, protection of
the environment, and prediction services” (International Hydrographic Bureau, 2005)

Epunvevovtag Tov TTAPOTTAvVW OPICHO, TTPOKUTITEI OTI, N Ydpoypagia cival o kKAGdog Twv
EQAPUOOUEVWY [EWETTIOTNUWY, TTOU a@OPd OTNV EKTEAEON METPHOEWV OTO TEdIO, TOOO OF
TTAPAKTIEG 000 Kal O€ TTEAAYIEG TTEPIOXEG, TTOU OKOTTO €XOUV TNV TTEPIYPAPI] TOU avayAupou Tou
BaAacaoiou TTUBUEVA Kal TwV AVTIKEIMEVWY TTOU BpiokovTal €1Ti AuToU, JE TTPWTAPXIKO OKOTTO TNV
ao@AaA&ia TG vauoITTAoiag Kal GAAwV vauTIAlakwy dpacTnploTATWY, OTTWG Yia TTapddelyua n
Bahdoola €peuva, épeuva udpoyovavBpdkwy, dpacTNPEIOTNTEG TTPOoOTACiag Tou BaAdooiou
TepIBAAAovTOG, diaxeipiong Tng TapdkTiag {wvng, KTA. ETTiong, n Yépoypagia wg emMoThAun dpa-
OTNEIOTTOIEITAI KAI JE UTTNPECIES TTPOYVWONG BaAaoaiwv @aivouévwy. QoTO00, Ol EQAPHOYES TNG
Ydpoypagioag dev TreplopifovTal JOVO o€ PETPACEIS OTIG BAAAOOIEG TTEPIOXEG AANG KOl O€ UETPH-
O€IG o€ TToTApIa, R/Kal Aipveg. Aedouévou OTI o1 HETPAOEIS Twy Babwyv Tou uddTivou TTUBuEva pE
TIG D1dopeS PeBOOOUG TNG udpoypaiag yivovTtal ammd KAtola atTéoTacn amd autév, ouviBwg
até TNV €AeUBepn eMIPAvEIQ TNG BANACCAG, oUVAYETaAl TO YEYOvOg OTI 0TV oudia n udpoypagia
epapuoleTal ato TTedio ocUuwva e TIG apxES NG TnAeavixveuong/ TnAemokdnong. AnAadn,
Ol MJETPROEIC TTOU Q@OpoUvV oTnv amdédoon Tou BaAacciou avayAugou, yivovial Xwpig To
eKAoTOoTE oUOTNPA PETPNONG (TT.X. NXoBoAIoTIKS (H/B)) va €pBel o€ eTTapn We TNV ETIPAVEIA TOU
Bahaccoiou TTuBpéva. Ta akouoTIKA 1 GAAa cuuBaTiK& CUCTAPATA TTOU XPNOCIKMOTTOIOUVTAl OTIG
uUdPOYPAPIKEG ATTOTUTTWOEIG, BPICKOVTAI O€ KATTOI0 OKAPOG, OTN OTABUN TNG EKACTOTE ETTIPAVEI-
ag TG BdAaocoag, dnAadr o€ aTTO0TACEIG, TTOAAEG POPES, APKETWV EKATOVTAdWY PETPWYV, HAKPIG
atd Tnv em@aveia Tou BaAdaciou TTUBuEva.

H digpelvnon kai egaywyn NG Babupetpiag TTapdkTiwv BaAdooiwy TTEPIOXWYV, HE XPHon
WYNOIOKWY OOPUPOPIKWY EIKOVWY UWNANG SIOKPIBWTIKAG IKAVOTNTAG, a@Oopd £va eVOAAAKTIKO
Tedio uwnAoU emoTNHOVIKOU evOIaPEPOVTOG. H ev Adyw Sigpelivnon, TTPAYHATOTIOIEITAI CUVABWG
ME TN OUYKPITIKA agloAdynon Twv atroTeAeopdtwy (METPAOEIS BaBuueTpiag), Ta oTToia TTPOEKU-
yav PETA aTTé KATAAANAN €TTEEEPYQTia SOPUPOPIKWV EIKOVWY, HE AVTIOTOIXEG UETPAOEIG TTPOEP-
XOueveg atmd GAAa cuuBaTikd cuoTAuaTa PETPNONG BabupueTpiag, 6TTwG yia TTapadelypa nxopo-
NOTIKA TTOAATTAAG &éoung (Multibeam Sonar) kai nXoBoAIoTIKA povig &éoung (Single beam
sonar), ol oTroieg Adyw NG aKpiBEIGS Twyv, BewpouvTal WG PETPATEIG-ATTOTEAEOUATA AVAPOPAG.
[S1aiTEPO TEXVIKO evdIa@EPOV €TTIONG, TTAPOUCIAdel N épeuva OTO KATA TTOOO N OKpiBela Twv
METPAOEWY PAGBOUG-B€0NG TTOU TTPOKUTITEI ATTO TNV ETTEEEPYACIA TWV BOPUPOPIKWYV EIKOVWY, Eival
EVTOG TwV TTPOdIaypa@wy, TTou atrodéxetal o AieBvng Ydpoypagikdg Opyavioudg (International
Hydrographic Organization), n oTroia IKQVOTTOIEITAI HEXPI ONPEPA, HOVO ATTO OPICHEVA OKOUCTIKA
oucThpaTa Pérpnong Toug BaBoug.

Emkevipwvovtag Tn TTapouoa PeAETN OTIG duvaTtétnTeG e€aywyng BabuueTpiag A pe AAAa
AOyIa OTIG TEXVIKEG UudpoypaPnong atmmd dedouéva TNAETTIOKOTTNONG, TTPETTEI VA ONUEIWOET OTI
dlakpivovTtal 800 (2) Katnyopieg TNAETTIOKOTTNONG KAl TTIO OUYKEKPIMEVA Ol evepynTIKEG HEBOSOI
(non-Imagine) kai o1 ToONTIKEG pEBOdOI (Imagine). KUplog eKTTPOCWTTOS TWV EVEPYNTIKWV
pEBGOWYV (non-Imagine) TNAETIOKOTINONG €ival n OTITIKA pHEB0doG LIDAR kal n péBodog uIkpo-
KUUMATWY SLAR.

‘Eva ouyxpovo BaBuuetpiké cuoTtnua LIDAR, exkméptrel H/M akTivoBoAia (@wg) oTo PNKog
KUpatog Tou “mrpdcivou” ota 532 nm, oe avriBeon pe 1O TOTTOYPAPIKG/YEWDAITIKO oUOTNUA
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LIDAR, TOo OTI0i0 €KTTEUTTEl OTO UTTEPUBPO PAKOG KUPATOG Kal OUykekpigéva ota 1.064 nm
(Quadros, 2016). Ta cuotiuata LIDAR TTOoU XpnoigoTrolouvTal yia Tn péTpnon Tou Bdboug,
dlakpivovTal og cuoTApata Pikpou (<10 p.) BdBoug i Pnxwyv Yddtwv (Shallow-water Systems)
Kal oTa ouoTApaTa pgeydlou (>10 p.) BaBoug r BaBéwv YdaTtwyv (Deep-water Systems). H Tpw-
TN Katnyopia cuotnuétwy LIDAR, xpnoidoTrolei JIKPOTEPN EVEPYEIQ O KAOE TTAAUO EKTTOUTING,
Kal hJeEyaAUTEPO pubud ekTTOUTING (ping rate). Mpodkeital yia cuoTAuaTta uWnAARS SIAKPIBWTIKAG
XWPIKAG IkavoTnTag (high resolution systems), evw 1o “atrotUtTwpa” (footprint) Tou TTOAPOU laser
oToV TTUBUEVa gival PIKPWY JIOCTACEWY. € QVTIOECN TWV TTPOAVOPEPONEVWY, TO CUOTHHATO
LIDAR peydAou PBdBoug (deep-water systems), a@opoUv 0€ GUOTAMATO TIOU EKTTEUTTIOUV
TTAAPOUG PEYAANG I0XUOG, €XOuv PeyaAuTepo oTITIKO TTedio (Field-of-View, FOV), dpa mpdkeiral
yId CUCTHHOTA TTOU TTOPOUCIACOUV XOUNAGTEPN BIOKPIBWTIKN IKAVOTNTA, PIKPOTEPOUSG PUBPOUG
EKTTOMTIAG, Kal “OTTOTUTTWMOTA” JeyaAUTEPWY BIACTACEWY OToV UBATIVO/BaAGoaIo TTUBPEvA, VW)
n oicicduon Tou TTaAPoU laser otnv BdAacca @BdAvel péxpr 2-3 Qopéc To BABoG Tou diokou
Secchi. Me 10 BaBuueTtpikd LIDAR civalr duvatr) n pétpnon BaBoug péxpl 75 W., e opiopéva
oucThAPaTa (pnxwy uddaTwyv) va utropouv va perpioouv péxpl 100.000 Badn/sec.

ZnUavTIKG TTAcovEKTNUA Tou PaBupeTpikoU LIDAR, OTwG Kal TnG TNAETMIOKOTINONG Q1T
dopuPOPOUG ival OTI gival EQIKTO va CUAAEXDET YewXWPIKN TTANPOQYOpPIa, TAUTOXPOVA Kal aTTO TIG
XEPOQIES KAl ATTO TIG TTAPAKTIEG 1 TTEAAYIEG TTEPIOXEG, YEYOVOG TTOU OeV UTTOPED va yivel atmd Ta
akouaTIKG cuaThuaTa BabuueTpiag, Ta oTroia xPnaidoTToloUvTal JOVO yia GuAAoyr] TTAnpogopiag
BaBouc. QoT600, OPICHEVA XAPAKTNPIOTIKA TNG TEXVIKNAG WETPNONG Babwv ue Ta cuoThUOTa
LIDAR, O61TTW¢ yia TTApAdEIyUa TO HEYAAO KOOTOG TTOU QTTAITEITAI VIO TN CUAAOYN] KOl €TTEEEPYQTia
Twv Oedopévy, TOUG TTOPOUG (OIKOVOMIKOUG Kal KaTtdAAnAou avBpwTrivou Suvauikou) TTou
atrairoUvTal yia TNV KIVNTOTToinon Twv arairouyevwy povadwyv (A/P, E/M, duoxépeieg Adyw
METEWPOAOYIKWY ouvOnkwy (ve@okdAuwn, dvepol), N katdotaon BaAacoag, n udpoypdenon o€
OXETIKA OTEVOU €UPOUG TTEPIOXEG/CWVEG, K.a., TNV KaBIoToUv OUCKOAQ TTPOCRACIUN TTPOG TO
TTapdyv, Ao TNV akadnuaikf KovoTnTa, ) TNV eupUTEPN TEXVIKI KOl ETTIXEIPNHUATIKI KOIVOTNTA.

Mia dAAn evepynTikn (non-Imagine) p€Bodog TNAETIOKATINONG €ival EKEiVN TTOU XPNOIUOTTOIE
MIKpokUupaTa ouxvotntag X-band SLAR (Side Looking Airborne Radar) (Vogelzang J., G.J.
Wensink, G.P. De Loor, H.C. Peters, and H. Pouwels, 1990), n otroia avixveuel YETOROAEG
(TPaxuTnTa KaI diagopoTToinon UYWoug KUPATOG) TNG ETMIQAVEIAG TNG BAAACOCAG, TIG OTTOIEG TIG
ouvoéel e TIG €¢dpoeic Tou BaAdooiou TTUBPEVa XPNOIWOTTOIDVTOG KATAAANAG yia TOV OKOTTO
auTo povtéAa (continuity equations). Opoiwg, TTPOKEITAI YIO Jia apkeTd KooToBopa uéBodo, Oxi
T600 QgIOTOTN Kal akpIBEiag, OoTnV OTToid, €KTOG TWV TTPOAVOAPEPOPEVWY, ATTAITEITAI EI0IKOG
€EOTTAIONOG KAl EEEIBIKEUPEVO TTPOCWTTIKOG.

NMAOHTIKH THAEMIZKOMNHZH

Ta mmapamdvw kabiotolv TIG PEBOdOUG eCaywyng PabupeTpiag pe xprion Twv MadnTikwv
MEBGOWYV TNAETTIOKATTNONG WG TOV ATTOSOTIKOTEPO TPOTTO CUAAOYNG YEWXWPIKWY KOl YEWAOYIKWV
Oedopévwy, atTd TIG TTAPAKTIEG TTEPIOXEG. [EVIKA, ONPEPA EXEI Yivel ATTODEKTS, OTI N XPprion TnAe-
OKOTTIKWV OedOEVWY Kal €10IKOTEPA TWV BESOPEVWV TTOU TTPOEPXOVTAI ATTO TTOAUQACHATIKOUG 1
UTTEPPACUATIKOUG aioBnTpeg uwnAng avdaAuong (high resolution Multispectral/ Hyperspectral
imagery), aug¢dvel Tn duvatdTnTa KAAUTEPNG dlaxeipnong Tng Tapdkmiag fwvng, OTTWG YIa
TTapadeiypa udpoypapnriong (eEaywyng PabupeTpiag) TapdKTIwY TTEPIOXWY, TTapakoAouBnong
NG BaAdoaoliag xAwpidag, Tagivounong 1ICnudtwy TTUBPéva, TTapakoAoubnon WETABOARG TNG
OKTOYPOUMAG, €Aeyxog UTrapéng vauayiwv, KTA. Kpiolyo yeyovog atmoteAei n kartavonon Tou
TPOTTOU WE TOV OTTOIO gival duvaTth, PEow TNG TTABNTIKAG TNAETTIOKATINONG,N £§aywyr] TTANPO@o-
pIWV aTTd TOoV TTUBUEVA Twy UBATIVWYV TTEPIOXWY. MNa Tov oKoTTO auTd, TTPETTEI VO TOVIOTED OTI
ONMAVTIKN TTOPAUETPOGS YIO TNV ATTOTEAECUATIKOTNTA TWV PEBOOWYV TTABNTIKAG OTITIKAG TNAETTIOKO-

ISSN:1791-4469 Copyright © 2016, Hellenic Naval Academy

E-5



NAUSIVIOS CHORA, VOL. 6, 2016

TTnong eival n diaBsoipdtnTa G nAekTpopayvntikAg (H/M) akTivoBoAiag A pe GAAa Adyia n
TTooOTNTA TOU QWTOG (NAIOKNAG evépyelag) TTou AauBAaveTal attd Tov EKAOTOTE aAiIoONTAPa TNAETTI-
okéT1nonG..

O1 TeXVIKEG TNG TTAONTIKAG TNAETTIOKOTTNONG BacifovTal TIPWTIOTWS oToV TPOTTO dIddoong Tou
PWTOG, 0€ OUYKEKPIPEVA Péaa diddoong, OTTWG yia TTaPAdEIyua gival N aTpoc@aIpa Kal To vepod,
KaBwg¢ Kal oTov TPOTTO TTou auTh JIadideTal/ETIOTPEPEI TTIOW OTOV AICBNTAPA TNAETTIOKATTNONG
ToUu dopuPdpou, 0 OTToIOG PPiokeTal ot UWog 800 km Tepitrou (TOA-Top-of-Atmosphere). lNivetal
AoItrév avTIANTITO, OTI N oUCTOON, Ol QUOIKEG Kal XNUIKES 1ID1IOTNTEG TOU PEOOU dIAdOONG, €V
TTPOKEINEVOU TNG ATUOOQAIPAG KAl TOU VEPOU, £TTNPPedlouv Tn OIaBECINOTNTA Kal €V YEVEI TOV
TPpOTTO d1GdooNG Tou PWTOG o€ autd. To TTPORANUa Bewpeital apkeTd oUVOETO, av avaAoyIoTel
Kaveig 0TI n ocuoTaon KABe péoou (T1.X., TNG aTUOCPAIPAG Kal TNG UBATIVNG PACOG) PTTOPED va
OlaQEPE! EITE XPOVIKA EITE XWPIKA/TOTTIKG, PE ATTOTEAECUA va PNV TTAPOUCIAEl OUOIOYEVEIQ OE
OAOKANPpN Tnv Trepioxy mou meplAauBaveral ota dedopéva TNAETIOKOTINONG (TT.X. O€ uia
OOPUPOPIKNA EIKOVA).

Mo ouykekpiuéva, 0GOV apopd aTnV ATNOCPAIPA, €ival ONUAVTIKO Va OIEUKPIVIOTEN OTI Adyw
TNG AVOMOIONOP®IOG TTOU TTAPOUCIAEl OXETIKA PE TNV QUOIKA TNG KATAoTAon, Tn XNMIKA TNG
ouoTaon, TNV TUKVOTNTA Tng, eTmnpepeadletal TTOAU duvauikd n H/M akTivoBoAia, katd Tnv
OIéAeuony Tng (atmospheric path radiance) amé autAv. To OTpWHA TNG YAIVAG ATHOCQAIPAG
ouvioTatal atré dUo (2) KaTnyopieg UAIKWY, ATOI Ta “doévIua” Kal T “pn govipa”. Ta “péviya” givai
10 G¢wTO (78%), TO 0EUYOVO (21%), TO apyodv (0,93%) kai To dio&eidio Tou AvBpaka (0,03%). Ta
“‘Un  pévipa”  gival Kupiwg TO OOV, UdpPATHOI, agpoAUpaTa (aerozols) kal AoITTd  agpia
TTpoepxOueEVa aTTOd Blounxavik dpacTtnpidtnTa. Ta KUpia QaivOPeEVaA TTOU TTEPIYPAPOUV TNV
emidpacn NG atuéoPaAIPAG OTO CNUA TNG AKTIVOBOAIAG gival ekeiva TNG ATHOGQAIPIKAG oKEdAoNG
(scattering), amoppoenong (absorption), didxuong (diffussion), avdakhaong (reflection),
d1dBAaaong (refraction). Qg yeviki apxn, N aroppdPnon €XEl WG ATTOTEAECHA TNV OTTOUEIWON TNG
évraong ™G H/M akTivoBoAiag, OUYKeEKPIMEVOU MNAKOUG KUPOTOG, N okédaon OIaoTIEipel TV
apxiki/arreuBeiag dielBuvon diadoong Tng H/M evépyeiag kai oe AAAeG BlIEuBUVOEIG OTOV XWPO,
evw n 81aBAacon Tpotrotrolei TNV d1eUBuvon TNG apXIKAG dIadPOUNAG TNG TTPOCTTITITOUCAS NAIAKNG
akTivoBoAiag. OAa autd cupBaivouv TTpiv TTPoAGREl N akTivoBoAia Tou AAIOU va avakAaoTeEl atrd
TNV em@dveia TG yng-6adAaccag, evw META TNV avAKAAOH Tng, Ta TTAPATTAVW @AIVOPEVO
emavaAapBdavovtal kal ouviOwg pe dlagopeTikr diadikaaia. Emmpoobeta, n yopioki douf Tou
KABe agpiou TNG aTHOCEAIPAG, OUVTEAEI OTO YEYOVOG VA TTPAYUOTOTTOIEITAI SIAQPOPETIKOG BABUOG
atmoppéPnong yia KABe TUTTO agpiou o€ OIAPOPETIKA urAkn kKupatog (Eikova 1). lMpémelr va
oNPEIWOBEi, 6Tl yia Toug OKOTTOUG TNG ETTICTAMNG TNG TNAETTIOKATTNONG, TA TTAPATTIAVW QAIVOUEVA
emnppedlouv TNV H/M akTivoBoAia TTou  TeAIKG  AaupBdverar ammd Tov  aloOnTAPa/OEKTN
TnAgavixveuong 000 (2) gopég, dnAadn pia katd tnv diadpoun TG akTivoBoAiag amd Tov AAIO
P0G TN ' Kau pia deuTepn atmd T M'n TTPOg Tov SopuPOPo (aICONTAPA TNAETTIOKOTINONG).

AVOAUTIKOTEPQ, TO @QAIVOUEVO TNG «Amoppdenonc» NG akTIvOBoAiag cupPaivel otnv
TTEPITITWON TTOU N aTUOC@aIpa OTaPATd ) atroueiwvel Tn diddoon/éviaon TnNG akTivoBoAiag. tnv
TTEPITITWON TTou oupBaivel arroppoenon TG H/IM evépyeiag, n aTuOéo@aIPa ATTOKTA JEYOAUTEPN
EVEPYEIQ, TNV OTTOIO ETTEVEKTTEUTTEI OTOV XWPO ME TNV HOPQPN KUUATWV HEYOAUTEPOU WAKOUG
KUMaTOG. H ToodTnTa KAl N KOTOVOUA TWV «MOVIHWV» CUCTATIKWY TNG aTUOC@AIpaS Eival
YEVIKWG YVWOTH, YE QTTOTEAECUA va UTTOPEI va ekTIuNBEi n eTTirTwor Toug otnv H/M (nAiakn)
akTIvOBOAia, woTOCO0 n TTOCOTATA KAl N KATAVOUR TWV «un MOVIUWVYY» CUCTATIKWY, Ta OTroia
ouvnRBwg ocuvioTwvTtal atrd «agpoAuuartax» (aerozol), dev civar yvwoTrh, dcdouévou 6TI autd
peTaBaAAovTal TOOO TOTTIKG OO0 KAl XPOVIKA.

H emidpaon Twv agpoAupdtwy (aerozols) otn diddoon Tng H/M akTivoBoAiag, e€aptaTal atmo
Ta QUOIKA XOPOKTNPIOTIKA Toug, OTTWG yia TTapddeiyua 10 oxAua, péyebog, TTukvoTnTa Kal
Katavoun Twv aerozols atov Xwpo, Kabwg Kal atrd Tov O¢ikTn d1abAGosws TG EKACTOTE KATA-
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oTa0NG TNG aTNOo@aIpag. H Utrapgn yia TTapddelyua vepuwyv Kal OiXANG £XEl WG aTTOTEAECHA TNV
ammoToun €€acBévnon Tng atreubeiag nAIOKAG akTivoBoAiag, kabwg Kal Tnv dnuioupyia Eviovwy
QAIVOUEVWY OKEDOONG Kal atmroppd®nong, ME OTTOTEAECHA va unv KaBioTartal duvarr n Trapa-
TAPNON TNG YNG KATWOEV TwV VEPWV-OUIXANG HE XpNon TadnTIKWwV aiodnTipwy TnNAETTI-
okotnong. Mapdpoia, n UTTapén UWNAAG TTUKVOTNTOG ATHOCQAIPIKWY CEPIWV, AEPOAUNATWY Kal
USPOTUWY €XEI WG CUVETTEIO TNV TTPOKANCN £VTOVWYV QAIVOPEVWY atToppdPnong, didxuong Kai
d1a6Aaong TnG arreuBeiag nAlokng akTivoBoAiag (Eikova 1).

Radiation Transmitted by the Atmosphere
1
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Eik. 1. Amoppoenaon H/M AkTivoBoAiag atrd tTnv ATuoo@aipa yia Ta diIdgopa uAKn KUPatog (A),
(www.wattsupwiththat.com)

Mpétrel va onpelwBei 611, TO AIVOUEVO TNG ATTOPPOPNONS TIOPATNPEITAI PE ETTIAEKTIKI) CUMTTE-
pPIPopd yia KABe @aopaTikh {wvn, ONAAd CUYKEKPIMEVA agpla 1] HopIa vepoU aTTOpPPOPOUV TNV
€I0EPXOMEVN OTNV ATHOOPAIPA AKTIVOBOAIO O OUYKEKPIMEVO €UPOG WAKOUG KUPATOG, eV OeV
aAANAemdpoUV padi Tng o€ GAAa pAkn KUpaTog. MNa apddelyua, Ta agpia TTou euBuvovtal yia
TNV amoppdPnon Twv akTivwy X Kal Twv UTrEPIwdWwY akTivwy (UV) gival To 6Zov (O3), To oguyovo
(02), evw o1 udpartuoi (H,O) kal To 6lov atroppo@olv Tnv akTIvoBoAia oTnv {wvn Tou opaTou.
AvrtioToixa, ol udparpoi/vepd kal 1o dioeidio Tou AvBpaka (CO,) ammoppo@ouv Tnv akTIvoBoAia
o010 Qacpa Tou uttépubpou (infrared). Apa, uttdpxel pia HETABANTOTNTA OTN SIABECIUOTNTA TNG
H/M akTivoBoAiag 1mpog aglotroincf NG atrd TIG TNAETIOKOTTIKEG PEBODOOUG, 0€ OUYKEKPIPEVA
dlaoTNUATA TOU nNAEKTPOUAYVNTIKOU @AouaTog, Ta Agydpeva  “aruoo@aipikd  mTapdBupa’
(atmospheric windows).

H “okédaon” wg @aivouevo, e€aptatal o€ PeydAo BaBud atTd TN CUYKEVTPWON TWV AEPOAU-
MATWV (aerozols) kal AoImmwyv cwpaTidiwv TNG atudéo@aipag. H agiotroinon Twv PETEWPOAOYIKWV
OedopEVWV ava@opIKA PE TNV TTECN Kal TNV OTPHOOQAIPIKI) TTUKVOTNTA, OUVEICQPEPEl OTOV
TTPOCBIOPICHO TOU PEYEBOUG TOU QaIvouEvou TnG okEdaaong. TEAOG, n «didBAaon» e€aptaTal Ao
TA OTTTIKG XOPAKTNPIOTIKG TOU Jéoou d1adoong.
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Ta TTpoava@epOUEVA QAIVOPEVA £XOUV WG CUVETTEIO VA TTPOKAAELITAI Peiwon TNG avTiBeong
(contrast) Tng dOPUPOPIKNG EIKOVAG, EVW TTIO CUYKEKPIMEVA N arToppoenon Kal n okédaaon Tng
atpooc@aIpag eTnNPPeGlouy o€ Peydho Babuod Tov Adyo (ratio) TG kaTaypa@Ouevng, oTov OEKTN,
akTivoBoAnong (recorded radiance) tmpog Tnv apxikf (reflected radiance). ATTOTéEAECHO TWV
TTapatrdvw eival, n €mola pory TTukvoTnTag akTivoBoAiag (flux density of incident radiation) ota
avwTepa TTITTEdA TN atudéogaipas (TOA) amd 341,8 W/m? va armopeiodtal ota 147,3 W/m?
oTnv em@dvela TnG yns. (Gomarasca, 2009).

) 4

Anevdetag Hhaxt) AxtivoPolic
(Direct Irradiance)

Ewkovootoyeio
ebagovg (Prxel)

Eik. 2. ANnAeTTidpaon Atpdoeaipag-AkTivoBoAiag

Ti cupBaivel dpwg pe Tov TPOTTO diddoong NG H/M akTivoBoAiag oto dAAO Péoo TTou €ival To
vepo ; Eival rpogavég, 611 600 TTEpIccdTEPN NAIOKA akTIvoBoAia S1EABeI TG aTHOCEAIPAS KAl
TTpooTTéCEl o€ pia udaTivn pada, T0oo peyaAuTepn Ba gival n TTo0OTNTA TNG AKTIVOBOAIag TTou Ba
O1E100Ua0El 0TO VEPO KAl KATA CUVETTEIQ TTOAAG TTEPICOOTEPA PWTOVIA Ba pBACOUV aTOV TTUBUEVQ,
Ta otroia Ba avakAaoToUuv Kai Ba emoTpéWouv TTpog Ta TTiow (backscattered energy). H evépyeia
TToU AauBdvel TEAIKG o aioBnTpag TNAEMOKOTTNONG (RS Sensor) eival avTioTpépwg avaioyn
ToU BAaBoug/atréoTaong Tou TTUBUEvVa atod Tnv em@daveia TG 6dAacoag. ETriong, TTpokeiyévou To
AauBavouevo, ammd Tov aloBnTApa TNAETTIOKOTTIONG, OANa va gival “kaBapd” atrd TIG TIOPACEIG
TWV 3IAPOPWY PAIVOUEVWY TTOU TO £TTNPEEACOUV KaTd TNV d1Ad0ar| Tou dlIaPEécw TNG ATHOCQAI-
pag, Ba TTPETTEl TTPONYOUNEVWG Ta dedouéva auTd va €xouv dIopBwBEl wg TTPOG TNV £TTIdOPACN
NG atpoo@aipag kai BéBaia o deuTtepn @aon va d1opBwBoUv Kal wg TTPOG TNV CUVEITPOPA TNG
OTAANG ToU vePOU.

Mo avaAutikd, étav 10 NAIOKO Qwg €I0EpXETAI OTO VEPD, AAANAETIOPA PE T POpPIa TOU VEPOU
KOl TO QlWPOUPEVA CWHATIOIO G° auTd, YE ATTOTEAECHUA va TTPOKOAEiTal (TTepaiTépw) e€aocBévnaon
TNG £viaong Tou QwTog, HETABOAA oTnVv atréxpwaon Tou (dnA. YETABOAR oTO PAKOG KUPaTog H/M
akTivoBoAiag), didxuon, YETABOAN TNG €UKpPivEIOG Kal TNG avTiBeong Tou (contrast), KabBwg Kai
aAAa deutepeuouong onuaaciag @aivoueva. Mia eikdva Tng yrnivng €m@daveiag mou AauBavetal
atoé 1o emimedo TNG em@dveiag NG Bakacoag (Base-of-the-Atmosphere, BOA) dev €ival n idia
ME pia eikéva TTou AauBdveral ard Ta avwTEpa oTpwuaTa TnG atudéoeaipag (Top-of Atmosphere,
TOA), TTapd 10 yeyovog 0TI attoTuTtwvEeTal N idla Baldooia pada. Eival onuavTiké Aoimmév, yéow
TWV TEXVIKWVY TNG TNAETTIOKOTTNONG va diepeuvnBei, peAetnBei kal aglotroinBei 1600 n XwWpPIKNA
TTANpoopia 600 Kal N TTOIOTIKN (QACHATIKA), TTOU aPOopd OTNV £KTACN, TO €i00G Kal PEyeBog Twv
opyavikwv/avopyavwy ouoTaTIKWY, oTh YETpnon Tou BAaBoug Tng BAGAACOAG, Kal TNV TTOPOKO-
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AouBnon Tng Bepuokpaaciag Tou vepou O€ TTOTAMIA, AIUVEG, TAMIEUTHPES, BAAOCOEG KAl WKEAVOUG,
Oedopévou OTI o1 TTANpoYopieg atrd TIS UBATIVEG ATTOBECEIS apopoUlV OTO PEYAAUTEPO TTOOOOTO
TNG GUVOAIKNG ETTIPAVEIAG TOU TTAQVATN JAG.

EmmpdoBeta, n kardoraon tng emaveiag (sea state) Tng udATIivng PALag gival KABOPIOTIKAG
onuaaciag yia 1o Twg 10 wg Ba dIEABel péoa atrd auTrv. MpogpXOUEVO TO WG aTrd éva PECO
OTITIK& apaIOTEPO (ATUOCPAIPIKOG AEPAG) OE Eva HECO TTUKVOTEPO (VEPO KaBapd i un), £va PHéPog
TNG aKTIVOBOAIag avakAdTal evwy éva TURua autoU Oieioduel dnA. d1aBAGTal oTo vePd. AVaAOywG
NG KatdoTtaong Bahdoong, dnAadn TNG YOPPG TNG BIAXWPICTIKNAG ETTIPAVEIOG aépa-vepou, TO
ews avakAarar (diffuse/lambertian reflection)/okeddletar TTpog OAeg TIGC KaTEUBUVOEIS N
avakAaTalr  KatoTrTpik&  (specular reflection), evwy éva TuAua autou amoppo@dral. Ol
TTpoavapepoueveg dladikaoieg Kal 1o TeAIKO TT0000TO €§aobévnong Tng H/M akTivoBoAiag
(pwTdG) e€apTaTal o€ PeyadAo Babud atrd 1o PAKOG KUPATOG TNG TTPOCTTITITOUCOG OKTIVOBOAIOG.

‘ET01, N ouvoAik okTIVOBOAIA, (Lo N Lsw), TTOU KaTaypdgetal amod €vav aiodntripa
TNAETTIOKOTINONG TTédvw atmd  pia uddTivn €m@Aveld TG yng eival 10 dBpoioua NG
NAEKTpOPAYVNTIKAG evépyelag (akTivoBoAroswv/radiances) amo TIG TTAPAKATW TTOPAPETPOUG-
TTNYEG WG QUTEG eu@aviovtal oTnv Eikdva 3:

Avobrripag
Tnhemoxdmaong
(Sensar)

‘ LTazal

Zxédaar) Ovpavon

(Sky Iradiance-L/L,) T,
a
C:,L\ ‘ ;
WY,
L,
AxtwoPohia amd
v Zxédaom) and Ls
ALOPOVUEYEL
copatidio 8 i
(Path radiance or B f L
Sky irradiance—Lg)
AvaxAdpevn
AxtwoPohia amd Tny
Emgévac g
@dhacoag
(L) e Avaxhopeym
- - - - .
- AxtwoBoria amd TNy
- e Yddrum Zojin
. (L)

Ewowvoototyeio
TTvBuéva (Povel)

EIK. 3. AxTivoBoAia (H/M Evépyela) TTou AauBdaveral oTov OEKTN THAETTIOKOTTIONG, YETA TNV
aAAnAeTTidpacn Tou NAIOKOU QWTAG PE TNV ATUOC@AIPA KAl TO VEPO.
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oTTOU,

Lo : €ival n akTivOBOAia (Lamosphere N Lpath radiance) TTOU KOATAYPAPETAI ATTO TOV OEKTN
(sensor) TNAETTIOKOTTNONG, KAl N OTToia TTPOEPXETAI ATTO TNV OKEDOALOPEVN OTNV ATHOC@AIPA
nAlakry akTivoBoAia (Solar Irradiance-Egy,) Kol TNV aTgoo@aipikf  akTivoBolia (Sky
Irradiance-Eg,) TTOU OKedAgeTAI ATTO TOV oupavo, dnAadr) TTPOKEITAl yia TNV akTIVOBoAia
TTou oKedAleTal OTO Avw nUIoEaipio B€aong, n otroia dev @BAvel TTOTE O0TNV UBATIVN
em@Avela. AuTOG ival 0 AeyOUEVOG “aTooQaipikO¢ B0pUBOS” Kal UTTOoPEi va BewpnBei we N
avemouunTtn akTivoBoAia TTou TTpoépxeTal Adyw Tng diadpoung/diddoang (path radiance)
TNG aKTIVOBOAIag oTnv atudc@aipa.

Ls: €ival n akTivoBoAia(Lsy,), N otroia TTpoépxeTal amo Tnv NAIAKK akTivoBoAia kal Tn
oKedalOEVN GTUOCPAIPIKY] OKTIVOBOAIQ n OTToia TTPOCTIITITEI OTN JIETTIPAVEIQ AéPA - VEPOU
(YVwoTo Kal weg “orpwua eAsuBepns emmipaveias 1 oplakd orpwua’ - free-surface layer/
boundary layer). H ev Adyw akTivoBoAia, diatepvd To TTpoava@ePOUEVO “opIakd oTpWHA”
MOVO KaTd €va XIANOOTO TTEPITTOU, KAl OTR OUVEXEID avakAATal 0TO OUVOAS TnG atmod Tnv
EM@AVEIA TOU VEPOU. AUTH N AVOKAWMEVN eVEPYEIQ TTEPIEXEI TTOAUTIUN QACHOTIKN TTANPO-
Qopia OXETIKA HE TA ETTIQAVEIOKA XOPOKTNPIOTIKA NG uddmivng pdadag. Edv, Suwg, n
CeviBeia ywvia Tou 'HAIoU Kai n ywvia TTapartipnong Tou OEKTN TEIVOUV va GUUTIEGOUV,
evoéxeTal va AAREl KaveiG pIa apiywg KatoTTpik avakAaon (8duBwaon-Sun-glint) ammd tnv
EMQAVEIA TOU UDATIVOU CWHOTOG, N OTToIa TTAPEXEI EAAXIOTEG XPHOIUEG PACTUATIKEG TTANPO-
popieg. T€Tolou TUTTOU OKTIVOBOANON TTOU TTPOEPXETal aTTO BAuBwan, Ly (Lgin), 00 TTPETTEN
Va aTToQeUyYETal 0€ KABE TTEPITITWON.

Ly : €ival n akTIvoBoAia (Lyater), TTOU TTPOEPXETAI ATTO TNV ATTEUBEING KATEPXOUEVN OKTI-
voBoAia Tou AAIoU Kal TNV okedalduevn atro TNV aTudo@alpa NAIGKN akTIvoBoAia, ol 0TToieg
dlatrepvouv Tn SIETTIPAvEIa aépa - vepoU, aAAnAemdpolv YE TO VEPO Kal TG OPYaVIKA/
avopyava oUCTATIKA TOU Kal 0T OUVEXEID e¢E€pxovTal atmd TNV UdATIvn OTAAN, XwpPig Ouwg
va OUVOVTAOOUV Tov TTUBPéva. ZT0 OUVOAG TOUG €ival YVWOTEG Kal wg “aKTIVOBOAiIa Tou
uddrivou Oykou” (subsurface volumetric radiance i water radiance). Autr} n avakAWPEVN
evépyela TTapEXEl TTOAUTIMEG TTANPOYOPIEG OXETIKA HE TA (PUOIKA) XOPAKTNPIOTIKA KAl TV
ouoTaon Tou OyKou TNG udATIVNG OTAANG.

L, : €ival n 1moooTNTa TNG KATAYEYPAUUEVNG AKTIVOBOAIAS (Lpotom), TTOU TTPOEPXETAI
amdé Tnv ameubeiag kKaTepXOuevn NAIAKr akTivoBoAia kKal Tnv akTivoBoAia Adyw Tng
didixuong Tou oupaviou B6Aou, atTd TO Avw NUICPAIPIO TOU TTAPATAPOUUEVO EIKOVOOTOI-
xeiou, n otroia diatrepva Tn SIET@EAVEIQ aEpa - vepoU, pBAvel aTov TTUBUEVA TOU UDATIVOU
owpartog, avadiadidetal péoa atrd TNV UdATIVI OTHAN KAl 0TH OUVEXEID eEEPXETAI aTTO ThV
uddarivn oTAAN. Apa, v HEAETAUE TIG TTANPOPOPIEG TTOU OXETICOVTAI UE TNV udpoypAPnon
TOU TTUBUEVA, OTTWG YiveTal o€ pia BaBuueTpIK XapToypdenaon f TN XapToypdenon KopaA-
Aloyevwv u@aAwy, TOTE auTdG O TUTTOG TNG akTIVOBOANong (akTivoBoAiag) TTou avakAdTal
até Tov TUBuéva €xel 1Id1aitepn onpacia (Mumby P.J., A.J. Edwards, E.P. Green, C.W.
Anderson, A.C. Ellis, C.D. Clark, 1997).

L, : €ival n akTivoBoAia TTou KaTaypa@eTal OTOV aiobnTrpa, N oTToia TTPOEPXETAI OTTO
TOUG TUXOV NAEKTPOVIKOUG “BopUfoug” Tou aioBnTtrpa (noise).

Edav yivel n mapadoxn, 611 o1 emdpdceIg €TTi TNG akTivoBoAiag (nAlakou @wTog), Adyw Tng
BaupBwong Ly ka1 Adyw Tou BopuBou Tou aioBntipa/oucTriparog TNAETOKOTNONG L, gival
MIKPEG 1) eAeyxOueEveG, TOTE N akTIvoBoAia Twv BaBéwv uddtwy (L .- Radiance of deep water at
Sensor), atov aloONTAPA/BEKTN TNAETTIOKOTINONG, dnAadh OTO avwTaTO ETTITTESO TNG ATHOOPAI-
pag (TOA-Top of the Atmosphere), 8a 1coU0Tal Ye TO ABPOICHA TWV OKTIVOBOAIWY OTO KATWTEPO
emimedo TG atpooceaipag (Base of Atmosphere — BOA), kal cuykekpigéva o O€KkTNG Ba
kataypd@el Tnv akTivoBoAia (akrivoBdéAnon/radiance-L) mou avakAdTal f/kal okedaleTal aTrd TNV
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emeaveia g 6dAacoag Lg, TIG TTOOOTNTEG OKTIVOBOANCNG TTOU TTPOEPYOVTAl aTTd TNV UdATIVN
OoTAAN kai Tov TTuBuéva L, & Ly avrioToixa, kai v akTivoBolia L, TTou TTpoépxeTal atd Tnv
aAAnAemTidpaon (akTivoBoAia okédaong) TNG NAIAKAS akTIivOBOAIag hE TNV ATHOC@AIPA :

L, =L +L +L,+L, (2)

IMOAAEG QOpPEC O OKOTTOG TNG TNAETTIOKOTTNONG Twv UdATWY gival n e€aywyn TTANPOPoOpPIWLYV
eVOIAQEPOVTOG Kal aTTd Toug AoITToUG TUTTOUG OKTIVOBOAIOG TToU KataypdgovTal atmd Tov alotn-
TApa TnAemokomong (Doxaran, D., Froidefond, J.M., Lavender, S.J., Castaing, P., 2002). lNa
TTapadeIypa, €av evOIAQEPEl N MEAETN TWV OPYAVIKWY KAl TwV avOpyavwy CUCTATIKWY TNG udd-
TIVNG OTAANG (TT.X. alwpoupeva ICAPATA i XAWPOPUAAN-a), TOTE TTPETTEl va dlgpeuvnOei n uTTO-
ETTIQAVEIAKI] OYKOUETPIK akTIVOBOAia (L), N oTroia uttoAoyieTal wg €EAG:

L, =L, — (L, +L +L) 3)

Mo avaAuTikd, ol TToodTNTES akTivoBoAiag Ly, kai L, e€aptwvTal amoé Tnv ToiotnTa, dnAadn n
QUOIKN oucTaon Tou péoou diddoong R ammo TG “ommikés 1010TnTec” (Optical Properties), ev
TTPOKEINEVW TNG UBATIVNG PACAG, TTOU TTAPOTNEEITAI aTTO TOUg aIoBNTAPES TNAETTIOKOTTNONG. Oa
TIPETTEI VO Yivel avTIANTITO, OTI Ta QUOIKA vePA atToTeAOUV Wia “payikf auvtayr” ammd diaAeAupéva
Kal aiwpoupeva cwpaTidla. O ev Adyw OloAeAUpEvEG ouaieg kal Ta cwuaTidla eival e€icou
ONMAVTIKEG TTAPAUETPOI TNG oUOTAONG TNG UBATIVNG MACAG VW UTTOPE va dla@Eépouv TTOAU o€
€i00¢ Kal ouykéVTpwOon. Katd ouveTTEIQ, o1 OTTITIKEG IDIOTNTEG TWV QUOIKWY VEPWYV (natural waters)
TTAPOUCIACoUV PEYAAN XPOVIKN KAl XWPEIKA dlagopoTroincn Kal oTraviwg PoIdlouv e EKEIVEG TOU
YAUKOU vepoU (pure water). H peydAn d1a@opeTIKOTNTA TTOU TTAPOUCIAfoUV Ol OTITIKEG I010TNTEG
TWV  QUOIKWV VEPWY, aTToTEAE “TTPOKANCN” yIa dooug €TTIBUPOUV akpIBA /KAl TUTTOTTOINHEVO
ammoteAéoparta. QoT600, O GUVOUGOMOG METAU Twv IDIOTATWY TWV QIWPEOUHEVWY  Kal
SIaAeAUPEVWY OwPaTIdiwy, KABWGS Kal TWV OTITIKWY IDIOTATWY TOU VEPOU, €XEI WG ATTOTEAECUA Ol
peTpoeig TG OTITIKAG QKeavoypagiag va PTTOpoUvV va XPNOoIYoTToINBoUv ue TETOIOV TPOTIO,
WOoTE va  €ival €QIKTO PE TIG TEXVIKEG TNAETTIOKOTTNONG VA WTTOPOUV va €§axBoUv XProIuES
TTANpoYopieg yia Ta BaAdooia oikoouaTrpata. lMpdypaT, or aAAnAoegapTioelg PETAEU Twv
OTITIKWV I0I0TATWY TOU VEPOU KOl TWV BIOAOYIKWY, XNUIKWY KAl YEWAOYIKWY CUCTATIKWY TWV
QUOIKWY UDATWY, £XOUV WG ATTOTEAECHA va KABIoTOUV Tov POAO TNG QUOIKAG OTTTIKAG WG TTOAU
onuavtikd TTapdyovTa yia Tnv BaAdooia €peuva. AuTh n ouvepyacia givalr TTOAU eg@avig oTa
avTikeipeva PEAETNG NG BiloAoyikng-MewAoyikAg Qkeavoypagiag, Oaldooiag PwToxnueiag,
O¢gpuoduvauikn kivnon Bailaoaiwv padwyv, OTTIKAG BaBuuetpiog (Lidar Bathymetry), TnAetm-
okotnong Bahacoiwv Trepioxwv (Ocean-Color remote Sensing), ZtepeopeTa@opds ICnudTwy,
MapakoAouBnong MoAuopatikwyv Ouciwv-ZToixeiwv (pollutants), Tagivounong ICnudtwv Gaiao-
oiou MNuBuéva, BaBupetpiag/Ydpoypagiag.

Mo cuyKeKpIPEVA, 01 OTITIKEC 10I0THTEC TOU VEPOU XwpilovTal o€ dUO (2) KUPiwg KATNYOPIES TIG
eyyeveig (Inherent Optical Properties-IOPs) kai TiIg @aivopeveg (Apparent Optical Properties-
AOPs). O1 IOPs cival ekeiveg o1 1010TNTEG Ol OTTOIEG EEAPTWVTAI OTTOKAEIOTIKG OT1Td TO PEOO
O1ddoong (BaAdaooio vepd), oTréTe eival avegdpTnTeEG aTTO TOV TPOTTO PE TOV OTIOI0 TO QWG
okedaleTal oTo oo diadoong atrd To yupwBev TrepIBAAAov. O1 duo (2) Bepehiwdeig IOPs gival o
“uvreAearnic Ammoppdpnaong” (Absorption Coefficient) kai n “2uvdprnon rou Oykou 2kédaong’
(Volume Scattering Function). AvrtioTtoixa, ol AOPs eival ekeiveg ol 1810TNTEG TOU VEPOU TTOU
eCapTwvtal apevog ato 1o oo diddoong (IOPS) kal ageTEPou atrd TNV YEWMETpIa TnNG diddoong
ToU dIGXuTOU OTTO TO TTEPIBAANOV QWTOG KAl CUVIOTAVTAI KUPIWG atrd OTABEPESG TTAPAUETPOUG
TTOU TTEPIYPAPOUV TNV KaTdoTaon Tou péoou diddoong. O ouvhBwg xpnoiyoTroioUueveg AOPS
givar o1 didpopeg avakAaorikornres (reflectances), Ta “wéoa ouvnuitova” (average cosines), ol
“‘ouvreAeatéc e€acBévnong” ANoyw Tng diaxuong Tou wTog (diffuse attenuation coefficients).

H “BGewpia Aiagdoong tng AktivoBoAiag” (Radiative Transfer Theory) eival To uttéaBpo TTou
TTapéxel TN Olaouvdeon peTatu Twv IOPs kai AOPs. To @uaolké TrepIBdAAov Tng BaAdaoaoiag
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padag, n dnuioupyia KUPATICPOU oTnV £TTIQPAVEIA TOU, TO BABOG, N TTOI6TNTA TOU TTUBUEVA, N TTPO-
OTTiTTToUCa aKTIVOBOAia atrd Tov oupavo KTA., KaBioTouv Tn Bswpia diadoons tns akrivoBoAiac,
MEOW TWV OPIOKWY OUVONKWY Tng, XPAOIMo odnyd yia Tnv eTmiAucn Twv TTPORANUATWY TNG
OTITIKAG 0To vePO. MNa TNV epappoyn TG Bswpiag diadoons TN akTivoBoAiag atraiTouvTal TTPOCE-
KTIKEG PABIOPETPIKEG DIOPOBWOEIG OTA TNAETTIOKOTTIKA dedopéva, yia TNV £EAAEIYN TOU ATUHOOPAI-
pIKou BopuPou (L), TN BAuBwong (Lg), Tng em@aveiag ammd Tov ‘HAio (sun-glint) kar GAAwv T0-
TTWV AVOKAQOEWV aTTO TNV £MIQAvEId TNG UBATIVNG PACAG, KAl TNG AVOKAQOTIKOTNTAG aTTd TOV
TuBuéva (Ly) (Doxani G., M. Papadopoulou, P. Lafasani, C. Pikridas, M. Tsakiri-Strati, 2011),
OTTWG auTEG TTEPIYpagnkav TTapatravw. Ogol emoTAPovES €0TIGlouv TNV TTPOCTIABEIa TOUG OTOV
TTPoadIopIcuo Tou BAboug Twv uddTwyY (BaBuueTpia)  OTa XAPAKTNPIOTIKA TNG TTOIGTATAG TOU
TTuBuéva O6TTwg n douf Twv UPdAwy, 1 To €idog TWV ICNPATWY Tou TTUBUEVA, evdla@épovTal
KUpiwg yia akpIBeic JETPAOEIS TNG aKTIVOPBOAiag TTou avakAdrar ammd tov Tubuéva (Ly), kai
OouveTTWG Ba TTpéTTel va dlopBwoouy Ta dedopéva TOUG WG TTPOG TNV ATUOCQAIPIKA aKTIVOBOAIa,
TNV ETTIPAVEIOKA OKTIVOBOAIQ Kal TNV OKTIVOBOAIQ TTOU TTPOEPXETAI ATTO TOV UTTO-ETTIQAVEIAKO
OYKO TwV UBATWY, TTPOKEINEVOU TTPOCBIOPICOUV PE OKPIBEIa TNV TTOCOTATA TNG OKTIVOBOAIAG TTou
TTPOEPXETAI AUIYWS GTTO Tov UdATIVO TTuBuéva. H évraon (Intensity) Tou @wToG 1l TNG AKTIVORO-
Aiag 1Tou emoTPEPEl aTTd TOV TTUBUEVA OXETICETAI UE TNV ATTOCTACN TTOU BPIioKETAlI O TTUBUEVAG
atoé TNV €AeUBepn emmiQAvela TG BGAacoag Kal v Yével TO TTAXO0G TNG UDATIVNG PAZaG.

Mo avaAuTikd, ol dIGQopeg TEXVIKES eEaywyns TnNG BabupeTpiag amaitouv Tnv UTTapén £vog
MaBnuaTtikoU povtéAou, To otroio Ba ouoxeTiel TIC TIWEG TNG aKTIVOBoAiag/akTivoBoOAnong o€
OUYKEKPIPEVEG BEOCEIC e TA aVTIOTOIXO OTIG iDlEg BEéoeIg BABN. To TTpOAVOPEPOUEVO HOVTEAO UTTO-

L T3

pei va gival “avaAuTikd”, “nui-avaAuTikG” i “epteipikd” (Gao, J., 2009).
ANAAYTIKA MONTEAA EZEANQrHz BAOYMETPIAZ

H e€aywyn Tng PBaBupeTpiag, Ye AvOAUTIKY) TTAPAPETPOTTIOINCN, TTPOUTTOBETEN TN dnuioupyia
KATTOI0U aAYOPIBUOoU/PovTEAOU, TO OTToi0 Ba TTEPIypaQEl T diadikaaia diIadoong TNG aKTIVOBOAIaG
ota dl1dgopa OTTIKA péoa (TT.X. aTuéo@aipa, uddaTivo PECO, KTA). H dnuioupyia Tou &v Adyw
aAyopIBuou/povTéAou aTTaITel yvWon Twv CuvONKWvY Kai Tou TpdTTou d1adoong Tou ewTtog (H/M
QKTIVOBOAIQG), VW yIa TNV TTAPAPETPOTIOINON €VOG TETOIOU WOVTEAOU, ATTQITEITAI N yvwon Twv
OTITIKWV IBIOTATWY TOU VEPOU, OTTWG YIa TTapddelyua Tou “2uvreAeot EEacBévnong” (Attenuation
Coefficient) fj Tou “2uvreAsorn OmiocBookédaong” (Backscattering Coefficient).

Kpiowwo ¢ATnua, trapauével TTavia, 0 TTPoodIopIcPOg TG akTivoBoAiag mou ¢@Bdvel otov
aicbnmpa a1rd 10 vePS (water-leaving radiance). Oco pe peyaAuTepn akpieia TTPOCBIOPIOTEN N
aKTIVOBOAia TTou e&épxeTal Twv UBATWVY (EAEUBEPNG UBATIVNG E€TTIPAVEIAG), TOOO HE PEYOAUTEPN
akpiBeia Ba uttoAoyioTei Kal To BABOG 1} Ta UTTOAOITTA XOPOKTAPIOTIKA (CUYKEVTPWON XAWPOPUA-
AnG, alwpouueva ocwpaTidia, AoITTH) opyavikr] UAN oTov GyKo ToU vEPOU, KTA) TNG udaTivng uadag.
ATtrauteital AoItrov n €1mivonaon — dnuioupyia KATToIoU aAyopiBuou, 0 oTToiog va “ueTa@pdadel” Tnv
OUAeyOuEvN atrd Toug aloBnNTAPES TNAETTIOKOTINONG TTANPOPOpia XpwHdaTwy (ocean color), ammd
Ta dId@Oopa WNAKN KUPaTog (A), (4 oe diIAQOopPEG POACMPATIKEG CWVEG) TTOU TTPOEPXETAI ATTO TIG
uddaTIveg PHAdeg. H ev Adyw TTANpo@opia PETAPEPETAI JECW TOU TTAPATNPOUMEVOU GACHATOS TNG
H/M evépyelag, TTepIEXEI KAl TNV TTANpogopia BabuueTpiag.

AtrhouoTeupévo OTrTikd MovTtéAo (Simplified Optical Model)
To o ouvnBIouévo avaAuTiKd POVTEAO TTOU XPENOIYOTTOIEITAI WG gloaydyeTal atrd TN “Oswpia

Aigdoong ¢ AkmivoBoAiag” (radiative transfer theory), eivar 10 “amAoucteuuévo povrédo
01Gdoaong n¢ akTivofoAiag”, To OTToI0 ATTAITEI YyVWON TNG QACPATIKAG UTTOYPAPNS TWV alwpou-
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MEVWYV Kal DIGAEAUPEVWV OTO VEPO OUCIWV KAl CWHATISIWV Kal TNV TIKA TNG avaKAACTIKOTNTOG
Tou TTUBEVA (Ry(A)).

2UPowva pe Tov vouo Twy Beer-Lambert (Beer-Lambert-Bouguer’'s Law), 6tav dia povoxpw-
HaTIKA (BNA., €VOG ATTOKAEIOTIKA PAKOUG KUPATOG, Ai) dEouNn QwTOG BIEABEI dlapéow KATTOIoU
atmoppoPnTIKoU péoou (T1.X. vepd), 10Te N (apxikn) évraon (intensity) Tng akTivopoAiag Tou (lo),
HelveTal EKBETIKA, agpevog ouvapTioel Tou TTaxoug (1) Tou géoou, Kal v TTPOKEINEVW TOU BABoUG
(z) Tou TTUBUEVA, AQETEPOU OUVAPTAOEI TNG OUYKEVTPWONG (C) TWV QIWPOUUEVWY OTO VEPO
owpaTIdiwv.

H vevikn popon ékppacng Tou vouou Beer-Lambert, diveral atrd Tnv akdAoubn e€iocwon (4) :

I=1,- e <In(l)=In(l,)-K-1-c (4)
omou, K cival o “ouvreAearic e€aoBévnong”’ yia 1o HeAETOUPEVO OTITIKO HECO dIAdoong TG
aKTIVOBoAiag.

2NV TEPITTWON AoImOV Twv TAPAKTIWY UBATWY, OTTWG TTPoava@EépbnKe, €PapuoleTal
ouvnBwg 10 ammAouoTeupévo otrrikd povréAo (Simplified Optical Model) yia pnxd 0darta, To OTToI0
TepIypdgel Tnv ekBeTIKA ammouegiwon NG akmivoBéAnon¢ (L) ouvaptrioel tou PdaBoug. Ol
TTapadoxEG aTTAOUCTEUONG TTOU YivOovTal YIO TV EQAPMPOYH TOU CUYKEKPIPMEVOU POVTEAOU Eival Ol
aKOAOUOEG :

a. H avepxduevn Tpog Tov aiobntrpa akTivoBoAia (radiance) atmd TIG TTEPIOXES TwV BaBiwv
UdATWV (Ly,.), €KEI ONACDR OTTOU dev TTAPATNPEITAI AVOKAQOTIKOTNTA aTTd TOV TTUBUEVQ,
MTTOpPEi va ekTIUNOEI atmd TN S0PUPOPIKNA EIKOVA TTOU JEAETATAI.

H atpdogaipa omTikd Bswpeital opoioyevig katd Tnv opi{ovTia dieubuvan.

H BoAdooia pala 1mou peAeTdTal BewpeiTal OTTTIKA OPOIOYEVAS KATA TNV opIfOvTia Kal
KaTtakopuen dieuBuvaon.

0. To @aivépevo TNG TTOAAATTANG OKEDAONG OTO VEPO BEV TTAICEI KATTOI0 OUCIAOTIKG POAO.

€. O1 aMnAemdpdoeig TTou cupPaivouv katd tnv diadoon TG akTivOBoAiag atmmod Ta péoa
014ddoong (aTudoaipa — diETIPAvVEIA - vEPO), IGXUOUV Ol iBIEG KAl yIA TNV TTPOCTTITITOUCO
(irradiance) kai yia Tnv avakAwpevn (radiance) akTivooAia.

o1. O ouvTteAeoTrg €§a0BEvNONG TNG avepxopevNg akTivoBoAiag (Kyp) €ival icog Je TOV OUVTE-
AeoTn eaoBévnong TNG KATEPXOHEVNG (Kdown), INAABA 2- K =K ) + Ky -

¢. OraktivoBoAnoeig (radiances) mou ogegidovtal ota @aivopeva tng 8aupBwong (Lg), Tng
aAAnAeTTidOpaong TNG akTivoBoAiag pe Tnv atuéo@aipa (Ly), Kar aTov TUXOV NAEKTPOVIKO
“06puo” (Ln), Tou EO0TTAICPOU TOU AIOONTAPA TNAETTIOKOTTNONG, BewpoUvTal TTOAU PIKPAG
onpaoiag.

n. Aev Aappaveral uttdwn n oxeTik B€on Tou nAiou Kal Tou alIcONTAPA TNAETTIOKOTINONG.

Kat avTioToixia, oTo armAouoTeupévo TTapAKTIO OTITIKG POVTEAO, YivETal, PE IKAVOTTOINTIKN
akpiBeia, n mapadoxn Ot N akTivoBOAnon (L), TTOU TTPOEPXETAI ATTO TNV AvAKAACT Tou NAIOKOU
QwTOG 01O Bahdoaio TTUBPEvVa, TTou BpiokeTal o€ BABog z (ad TNV em@dveia TG BANaCCAG),
UTTOKEIVTAI O€ €KBETIKA atrougiwon, n otmoia Teplypd@etal amd Tov vouo Beer-Lambert kai
dideTal atrd TNV TTOPAKATW OXEON :

L, (5)

2Kz

2Kz
Lb = Lb,Z 'e : Lb,Z = e

= Lb,Z = Lb * e*Z‘K'Z

ISSN:1791-4469 Copyright © 2016, Hellenic Naval Academy

E-13



NAUSIVIOS CHORA, VOL. 6, 2016

oT1Tou,
Lp: N akTivoBoAia TTou TTpoépxeTal atmo évav oTImikG avixveloiuo BaAdooio TTubuéva, edv
o TuBuévag BpiokdTav oTny em@aveia TG Bakacoag (z=0 m.), dnAadr 0TO KATWTEPO
emimedo NG atuodo@aipag (BOA- Base of the Atmosphere), dpa dev Ba UTTAPXE
atmoueiwon TNG evépyelag TNG akTivoBoAiag Adyw Tou Tréyxouc/BdBoug Tou uddaTivou
péoou diadoong.

Lp,: N akTIvVOBOAia TTou TTPoépxeTal atmd €vav OTITIKA avixveuoiyo BaAdooio TTuBuéva,
6tav o Trubuévag Bpioketal o kKatTolo B&Bog (z = 0 m.), dnAadr O OTO KATWTEPO
eTiTTedo TNG atpoéoaipag (BOA), dpa oTnv TTEQITTITWON  AUTH UTTAPXEI ATTOUEIWON TNG
evépyelag TnG akTivooAiag Adyw Tou Traxoud/BaBoug Tou uddaTivou Yéoou d1adoaong.

2-K: O Zuvteheotic E€aoBévnong tng AkTIvOBOAIaG  (KOTEPXOMEVNG KAl AVEPYXOMEVNS
akTIvoBoAiag), 1R “Evepynmikdc 2uvreAsorne  EéacbBévnong  Aidxuons  OImAng
diadpouns”, Yetpiétal o [m™].

Z :To Bd&Bog TTou PBpickeTal 0 PEAETOUPEVOG OTITIKA PNXOG UBATIVOG TTUBUEVAG, TO OTTOI0
MeTpIETQI O€ [M].

Emonuaiveral 611 10 yivopevo K-z gival adidoTaro.

2UVETTWG, N avepxOpevn akTIVOBOAIa TTpog Tov OEKTN (sensor) TNAETOoKATINoNG, OTO ETTITTESO
NG oTéBUNG TG BdaAaccag (BOA), TTpoépxeTal KUpiwg a@evog amd Tnv akTIVOBOAia Tou
BaAdoaiou TTuBuéva Baboug z (Ly, ), apeTépou atrd TNV akTIVOBOAia TTou o@eileTal oTnv didxuon
Kal aTToppdPNOoN Tou WTOG KaTA TNV dladpopr Tou oTnv uddtivn oTAAN/uéoo (Ly).

H akTivoBéAnon 1ou o@eiAeTal ATTOKAEIOTIKA 0TNV PAZa Tou uddaTivou dykou TTéxous (BaBoug)
Z, TIPOKUTITEl ATTO TNV OKTIVOROANCN Twv BabBéwv uddtwyv, we auTr PETPIETAI Aiyo KATw aTTd TNV
em@aveia 1ng BdAacoag (z=0- m), n oToia OPWG €ival ATTOPEIWUEVN KATA TO TUAMA TNG EKEIVO
TTOU QVTIOTOIXEI OTO PETPOUMEVO BABOG (Z). Apa, TTRETTEI va a@AIPEBE TO TUAPA TNG EKEIVO TTOU
QVTIOTOIXEI OTO PETPOUpEVO BABOG (z), dedopévou OTI To TTAXO0G/BABOG Tou UdATIVOU PETOU avTi
yla zZ= oo gival i0o0 pe Z= Zj<eo. OTTIOTE PE BdAon Tov vOUo Beer-Lambert 6a 1ox0el N akGAoudn
eCiowon:

L
L L= L ‘ W = Lw,oo (1 Lj = LW,Z = LW,oo ~(l—e_2.K.z) (6)
oTtTou,

Lw,«: N OKTIVOBOAia TTOU KOTAYPAPETAI OTO KATWTEPO ETTITTESO TNG ATHOOPAIPAG, dNAadH)
ekeivo Tng BOA (Base of the Atmosphere) perpoupevn Aiyo k&Ttw amd Tnv
em@aveia TNG 6GAacoag, n otoia OPWG TTPOEPXETAI OTTO TNV AVOKAACTIKOTNTA
TwWV TTOAU BaBéwv uddTwy, fTol atd TTubuéva BewpnTiKwg “artreipou” Baboug, z =
0 .,

Lw: N akTIvVOBOAIO TTOU KATAYPAPETAI OTO KOTWTEPO ETTITTEDO TNG ATUOCPAIPAG, dNAAdH
ekeivo Tng BOA (Base of the Atmosphere) perpoupevn Aiyo kdtw amod Tnv
em@dveia TG BAGAacoag, n oToia OUWGS TTPOEPXETAl OTTO TNV AVOKAQOCTIKOTNTA
uddTtwyv, Ta oTToia BpickovTal TTAvw aTrd évav OTITIKA opatd TTuBuéva Baboug z.

2-K: O ZuvreAeotn\g E€aoBévnong Tng AkTIVOBOAIag (KATEPXOMEVNG KAl AVEPYXOMEVNG
akTIvoBoAiag), uetpiétal og [m™].
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z : To mpaypatikd B&Bog Tou oTITIKG pnxou BaAdcaciou TTUBUEVA, TO OTTOI0 PETPIETAI
oe [m].

2TNV TTPOKEIYEVN TIEPITITWON, ATTAITEITAI VA Yivel Mid €KTipnon TN OKTIVOBOAIAG TTou
TTPOEPXETAl aTTO Ta BaBIG UdaTa (L, o), N OTTOIA YiVETAI JE XPAON TG SOPUPOPIKNG EIKOVAG, HETW
TWV TTIO “OKOTEIVWYV EIKOVOOTOIXEIWY, TTOU BpiokovTal TTavw aTtro TTEPIOXES BaBéwy UBATWV.

Apa TeAIKA, n akTivoBoAia TTou egépxeTal NG uddTmivng palag (water leaving radiance), TTou
avixveUeTal-ueTpdaTal Aiyo katw atd Tnv em@dveia 1ng 8dAaccag, dnAadn oto emmimedo BOA (z
=0- m), divetal at1rd TNV OXEON:

Lb z LWoo
Loon =L, +L, =—=>+L : @)
e

2Kz woo 2Kz
e

AvTioToIXa, n okTIVOBOAia TTou WETPIETAI ATTO TOV AIOONTAPA (Sensor) THAETTIOKATINONG, OTO
etmiredo TOA, dedouévng TTAEOV Kal TNG AAANAeTTIdpaong TNG atudo@aipag (L,) TTou pecoAapei
MeTagu Twv emmmédwy BOA kal TOA, Ba icouTal:

(Lb,z + La ) (Lw,tx;.:_'zl—a ) (8)

Lroa = L Zeg.TJF(LW,w L, )- .
Edv B¢éow, 6mou L, +L, =L, kai 60U L, +L, =L, (Lsw=water leaving radiance),
16TE N €Ciowon (9) yiverai :
(Ls,b - Ls,w) (9)
e2-K-z S, e2-K-z eZ-K-z

Mpokeipyévou va petatparei n e€iowon (9) o€ pia ypappikh Ekppact TnG, AoyapiBuideTal wg
aKOAOUBWG :

st st
L= tLe 5L -L,=

In(Ls - Ls,w): |n[(|-s;+<|;sw)j = In(Ls — Ls,w): In(LSYb — Ls,w)_ In(eZ‘K‘Z)@

(10)
In(L, -L,,.)=In(L,, - L., )-2-K-z-In(e) = In(L, - L., )= In(L,, - L., )-2-K-z-1
€Av O0Tn ouvéxela TeOei 6TToU :
X = In(Ls - Ls,w) (11)
Xb = In(Ls,b - Ls,w) (12)

OTmére, n egiowon (10) ye Bdon Tig e§ilowaoelg (11) kal (12) YETATPETTETAI OE Wi YPAUMIKNA

egiowon TNG HOPPAG :
X=X,-2-K-z (13)

An@Bei uttdyn 61, €dv o1 6pol K, L, , Kai L, BewpnBouv 611 givalr oTaBepoi oe 0AOKANPN TNV
TTEPIOXN TTOU TTEPIAQUBAVETAI OTNV BOPUPOPIKN EIKOVA, KAl PUTTOPOUV va €KTIUNBOUV PECW TNG
eIKOvag, TOTE N dopUPOPIKA €IKOva Otv atraiteital va dlopBwbei/avayBei oe avakAaoTikOTATA
otnv Baon g atpoéceaipag (BOA reflectance), Adyw Tng aAAnAettidpaong Tng atudéo@aipag
(atmospheric path radiance).
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Ekté¢ TOU TTpOQVAQEPOUEVOU “ammAoucTeuuévou ovréAou” e€Caywyng BabupeTpiag pnxwyv
uddTwyV UTTApYXouV Kal GAAa TTIo ouvBeTa, Ta otroia peTagly GAAwv TTapauéTpwy Aaufdvouv
uTTOWN TNV OXETIKA B€0n nAiou ry/kal TIG OTITIKEG 1010TNTEG TOU UDATIVOU PECOU.

2& ONEG TIG TTEPITITWOEIG O POOIKOG OTOXOC TWV EPEUVNTWV €ival va TTPOCdIOPIocOuUV TNV
TTO0OTATA TNG OKTIVOBOAIAG TTou Byaivel atmd 1o BaAdoCIo vepd, n oTToia onUEIWTEOV gival TTOAU
OUokoAo va TTpoadiopIoTei Ye akpifeia, agou atroTeAei TTOAU PIKPO UEYEDOG, OUYKPITIKA WE TNV
TTo0OTNTA TNG AKTIVOBOAIaG TTou avakAdTal atrd Ta didpopa OTPWHATA TNG aTuoo@aIpag A/kal
atro TNV eAeUBepn UBATIVN eTTIPAvEIR (water surface scattering). ETTiong, apkeToi epeuvnTéG TTPO-
TIHoUV TN Xprion NS “avakAacTikétntag” (reflectance), avti ekeivng Tng “akmvoBoéAnong”
“‘akTivoBoAiag” (radiance), €1meidn n TPEWTN WTTOPEI va uttoAoyioTel Ye peyaAuTepn akpifeia. H
avakAaoTIkOTNTa (R-reflectance) mou TTpoépxeTal Ao Tnv TTIPAVEIA TNG BAAACOAG CUOXETICETAI
ME TNV avTioToixr NG akTivoBoAnon (L-radiance) pe Tnv akdAoubn oxéon (Gordon H. R. and K.J.
Voss, 1999):

T

" F,-cos6, (14)

otou, 6, eival n CeviBiokr ywvia Tou nAiou kai F, €ival n KOOWIKA avaKAQOTIKOTNTA
(extraterrestrial reflectance) kai a@opd oTnv avakAAOTIKOTNTA TTOU TTPOKAAEl 0 AAIOG OTa
avwTepa oTpwuata Tng atuéoaipag (TOA).

2€ APKETEG TTeEPITTTWOEIG oTnv BIBAloypagia, xpnoigoTroieital 0 6pog “Kavovikorroinuévn
akTivof3éAnon’ (normalized water-leaving radiance — [L.(A)Jn) (Gordon H.R., D.K. Clark, 1981).
Me Tov 6po “kavovikorroinuévn aktivoBéAnon i aktivoBoAia” voeital n diopBwpévn, wg TTPog TNV
ATHOOQAIPIKA ETTIOPACTH, AKTIVOBOANCHN OTNV TTEPIOXN TOU opaToU GACHATOG, N OTToIa EKPPAZETAI
MEOow TNG akdAoubng egiowong (16):

LI oo, ol (e | )

cosé,

otmou, Ly(A) €ival n akTivoBoAia OuykekpIgévou PAKOUG KUPATOG A, TTou oTTioBookeddleTal
(backscattering radiance) kai d1adideTal £€w atrd TNV UdATIVN £TIPAveEI.O1 TTApAPETPOI T(A) Kal
Tos(A) QVTITTPOCOWTTEUOUV TNV OTITIKI TTUKVOTNTA TnG atpoo@aipag (optical thickness), n otoia
OXeTiCeTal a@evdg Pe TNV okEdAoN TwWV Hopiwv Twv agpiwv Tng atpoéoceaipag (1. Rayleigh),
AQETEPOU PE TNV ATTOPPOPNCN TWV HOPIWV TWV AEPIWV TG ATUOCPAIPAG, TTOU OPEIAETAI KUPIWG
otnv utrapén Tou 6fovtog (O3) oTa avwTepa oTpwUaTa TNG arpdéoaipag (TOA), evw 6, ivail n
CeviBiokn ywvia Tou nAiou.

OuolooTikd, étav avagepOPaoTe OTNV “Kavovikorroinuévn” akTivoBoAnon (normalized water-
leaving radiance), evvoouue Tnv OKTIVOBOAIQ TTOU TTPOEPXETAI OTTO TNV UBATIVN ETTIPAVEIQ, N
omroia peTpiétal oto emitredo BOA, dnAadf cav va pnv uttdpxel n oAAnAetmmidopacn Tng
atpoéo@aIpag evw o NAIoG Bewpeital 611 BpiokeTal oTo fevib Tou. 'ETO1, OTNV TTEQITITWON TTOU €ival
emOBuuNTSd va TTpoadiopioTei N “kavovikorroinuévn avakAaoTikotnTa Twv uddrwv” (normalized
water-leaving reflectance — [po,]n), XpnoigoTroigital n akdAoubn oxéon :

[pw]N = [LW]N (16)

61Tou, 0 Adyog F£z0,017, yla Ta puAKN KOPaTog 443 nm kal 555 nm, avrioTtoixa. Apa,
[o]

uttoAoyifovtag TNV [Ow]n, OUCIACTIKG TTPOCBIOPICETAI KAl N KAVOVIKOTTOINUEVN QAKTIVOBOANGN
[Lw(M)]n -
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Omote, n e€iowon (15) pe Baon Tnv oxéon (16) yiverai :

7.(4 1
2=l ) o0 [y ) 2| [ t02)  an
2 cosé,
0 6pog t(6,,A), avTITTPOCWTTEUEI TNV BIATTELATAOTNTA TNG ATUOCPAIPAG, AOYW TOU QAIVOUEVOU
TnG didxuong (diffuse transmittance of the atmosphere).

Ymapyxouv woTtdéoo Kal aAyopiBuol, ol otroiol uttoAoyilouv/xpnoidoTtrolouv Thv “avakAaoTi-
kétnTa tnAsmokdmnong” (remote sensing reflectance—Rs(A)). H “avakAaorikérnra rtnAemi-
oKO1TNONS” 100UTAl e Tov AOYO TNG avepyouevng atmd Ta Udarta akTivoBoAnong/ akTivoBoAiag
(Lw(A)) TTpOG TNV TTpOCTIITITOUCO OTAV UBATIVN €TTIQAveIa nAIaK akTivoBoAia (solar irradiance),
METpOUMEVN Aiyo TTAvw atrd Tnv emi@aveia Tng 6&dAaccag (Eq(A,0.)):

R (1) =) _[Lw(i)]N_TZ.R(ﬂ)_E_iII( b, (1)

R ) A

ZUpowva pe toug (Gordon H.R., O.B. Brown, R.H. Evans, JW. Brown, R.C. Smith, K.S.
Baker, and D.K. Clark, 1988), oI yewpeTpikoi ouvteAeoTég |1 kai lp, yia ZeviBieg ywvieg nAiou
6,>20° 10ouTal pe 1;=0,0949 kai 1,=0,0794 avTioToIXa, Kal BewpouvTal oTaBePES. O TUVTEAECTAS
Q HETATPETTEI TNV AVEPXOUEVN TTPOG TO Avw NUICPaipIo akTIvOBoAia og KaTakdpu®n d1adidouevn
AKTIVOBOANON Kal yia 1I8aVIKEG AQUTTEPTIAVEG ETTIQAVEIES I0XUEI Q~ TT, evw 0 (C.D., Mobley, 1994)
(p.495) ¢€deite O yia Old@opeg CeviBIOKEG ywvieg Tou NAAIOU Kal yia éva PeydAo €Upog
OIaQOPETIKWY KaTaoTaoewv BaAdoong 10 3<Q<6. O cuvreAeoTig T civalr pia otaBepd TTou
IooUTal ge T=0,98, evw O1T0U N €ival 0 deikTNG d1aBAdoCEWS TNG LUDATIVNG HACOG.

Me pia TTOAU TTpOCEyyIon, I0XUEl OTI:

[pw]N =7 Rrs (19)

AvaAuTiké MovTtélo Twv Albert and Mobley

To avaAuTiké povtédo Twv (Albert A., C.D. Mobley, 2003), a@opd oTnv TEPITITWON-2
uddtwv (Case-2 waters), ATOl Ta TTOPAKTIO UdATA. ZUPGWVO WE TO €V AOYyW MOVTEAO, n
eEepxopevn amod Ta Udata akTivoBoAia (water leaving reflectance), n otmoia dev givar GAAN atmod
TNV “avakAaoTIKOTNTa TnAETIoKOTINONG” (remote sensing reflectance - R,s) didetal amd tnv
akoAoubn oxéon :

k
R.=R,..-|1-A -expi- ko‘COSté’v +(1+X)kl’w- 14 2w ‘06+bb 2, b+
| Coso cosd, )) cosé, (20)

A -&-exp{—(ko _coso, (L) _[1+ Kog D a+b, 'ZB}

b4 coso, cosd, )) coso,

O ouykekpipévog aAyopiBuog ekTiudral 6Tl TTpooeyyilel KAAUTEPA TO PUOIKO TPOTTO diddoong
TNG aKTIVOBOAIOG 0TO vePO, KOBOOOV Bewpei OTI oI cuvTEAEDOTEG £€aaBEévnong Adyw diaxuong K
(diffuse attenuation coefficients) &ev cival icol yia Tnv KatepxOUevn Kal TNV avepxOuEvn
akTivoBoAia. ‘ETol, uioBeTeiTal dIAQOPETIKN TINA “€mmixelpnoiakou ouvieAsaTou €éacBévnong” yia

TNV KaTEPXOMEVN aKTIVOBOAIa Kai GAAN TIun yia Tov “ermixeipnoiakd ouvreAeorh eéacBévnong” g
avepxopevng akTivoBoAiog. O ouvteAeoTAg €€aoBévnong TnNG KoTePXOMEVNG OKTIVOBOAiag
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(downward diffuse attenuation - Kgy) €éaptdtar ammd Tnv amoppoenon (absorption) kar Tnv
omoBookédaon (backscattering) Tou TTpokaAoUv Ta clwpPoUPEVA CwuaTidla 0To vePO, KABWG
Kal a1ré TNV CeviBIaKnA ywvia Tou nAiou Kai iIcouTal JE :

a+b
K, =k - b 21
d 0 [COS@SJ ( )

O1 iyég Tou Ky oUupgwva pe toug (Albert A., C.D. Mobley, 2003), kupaivovrar amé 0,1 m’
1<K4<10,6 m™, evid peTE aTTO TTPOCOMOINCEIC Kai eTHAUCT eficwong (20) PEOW YPAMMIKAS
TTaAivdpounong (regression), o cuvteAeoTng k,=1,0546 + 0,0001.

AVTIOTOIXWG, N TIMA YIQ TOV EMMIXEIPNCIaKO auvTeAeoTh €acBévnong Adyw tng didxuong Tng
avepxouevng akTivoBoAiag (upward diffuse attenuation- K,) €ival ouvdptnon tng amoppdenong
(absorption), ka1 TG ommoBookédaong (backscattering) TTou TTPOKAAEITAI ATTO TA AIWPOUPEVA OTO
vepd owpaTidia, KaBwg Kal TG  UTTo-€mi@avelokns  CeviBlokAG  ywviag Tou  nAiou

1
K, o« :
(Ky cos@s)

‘Exel d1amoTwoEl, 0TI 0 ouvreAeoTric eéacBévnong Ky Aoyw Tng didxuong TG avepyxouevng
akTIvoBoAiag Traipvel JEYOAUTEPES TIMEG VIO XAUNAEG TTOCOTNTEG AIWPOUUEVWY CWHATIBIWY. AUT
oupBaiver d16TI AilyoTEPOG APIBUOG pwTOovViwy OKedAZeTal TTPOG TO Avw NUIcPaiplo Béaong, Pe
atmmoTéAeopa TNV dnpioupyia evog avicoTpoTrikou TTediou diddoong Tng akTivoBoAiag (J.T.0. Kirk,
1989). H oxéon TTou TrePIypA@Pel TOv OUVTEAEDTH €€acBEévnong TNG avepXOPEVNS aKTIVOBOAiag
OideTal atrd Tnv akéAoubn oxéon :

K 1
K, =(a+b,)-(L+x) (mz COS@J @2

MNa va diakpiBei n emidpacn Twv ewToviwv TTou okedGlovTal R/Kal aTTOPPOPWVTAl OTTO TOV
Oyko Tng uddTivng palag atrd ekeiva Ta eWTOVIA TTOU OKESAZOVTAI KAl ATTOPPOPWVTAI ATTO TOV
uddTivo TTUBuéva, opifovTal dUo (2) cuvteAeoTég e€aaBévnong dIdxuong yia TNV avePXOMEVN
akTIvOBoAia/Qew¢ oTa pnxa/TTapdkria vepd, ATOI £vag TTOU TTEPIYPAPEl TV aTTopgiwan Adyw
di1dxuong Tou WTOG 0TV UudATIivn OTAAN (Kyw) Kal €vag OeUTEPOG TTOU TTEPIYPAPEI TNV £LO0OE-
vNon Tou WTOG aTro TNV aAANAETTIOPaCT) TOU GWTOG PE TOV UBATIVO TTUBPEVA (K, p).

O1 ouvteAeoTég Ap Kal A, Tou JovTéAou (20) £xouv eTTivonBEi TTPOKEINEVOU VA TTPOCAPUOCTOUV
Ta ATTOTEAECUATA TOU POVTEAOU OTNV OIadIKAGIa TwV TTPOCONOIWCEWY TTOU TTPAYUATOTTOINBNKAV
KATA TOV TTOIOTIKO EAEYXO TWV ATTOTEAECUATWY TOU UTTOWN aAyopiBuou.

OuoiaoTiKd, 1o TTPWTO PEPOG TNG €€lowang (20), TTeplypd@el TN CUVEICPOPA TNG UDATIVNG
oTAANG oTnVv e&epxopevn attd 1o vepd akTivoBoAia (water leaving reflectance), evw 1o deuTeEpPO
MEPOG aTTodidel TNV ouveloPopd Tou uddrivou TTuBuéva oe autriv. Otrou, 6, Kal 65 avTITTpo-
owTrelouv TIG ywvieg B€aong Tou TTapatnenTh/aicdntripa TNAETIOKOTTNONG (viewing angle) Aiyo
KATW atmd tnv uddtivn em@dveia (z = 0- y.) Kai TV CeviBiakn ywvia Tou nAiou (solar zenith
angle).

Hui-avaAuTtiké MovTéAo E§aywyng Babupetpiag

O1 aioBnmpeg TNAeMOKOTTIONG TTou PBpiokovTal oto emimedo TnG TOA, Karaypd@ouv TO
“xpwua Twv uddrwv’ (color of the ocean), pe OKOTTO va TTPOCOIOPICOUV TIG OTITIKEG IOIOTNTEG TWV
udATWY, Ta CUCTATIKG KAl TIG OUYKEVTPWOEIG AQUTWY Kal To BAaBog Tou uddtivou TTuBuéva. Tig
TTPOAVAPEPOUEVEG WOTOCO TTANPOPOPIES TIG ATTOKTOUV, KATAYPAPOVTAG TTAVW aTTO TNV €AEUBEPN
EM@AvEId TWV UBATWY, TNV CUVOAIKG avepxouevn aktivoBoAnon (Total Upwelling Radiance-
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Ts(A)) ka1 0x1 TNV avakAaorikétnta tnAsmokdmnons (Remote Sensing Reflectance- (Rrs(l))
onAadn tnv diopBwpévn akTivoBoAia ammd Tnv aAAnAemidpacn Tng artuoo@aipas. Ouwg, n
OUVOAIKG avepxouevn aktivoBoAnon (Ts(A)) TmepidappBdavel 1600 TNV avakAaoTikOThTa
TNAETIOKOTTNONGS (Rrs (/1)) , 000 KaI TNV aKTIVOBOAia TTou avakAdTal atrd Tnv eAe0Bepn eTmIQAvEIX
Twv uddtwv (Sky and Sea Surface contributions - Si(A)) KaBwg Kai TNV akTivoBoAia TToU
TpoépxeTal amd moavr BauBwon (sunglint effects). Apa, diopBwvovtag TNV Tis(A)), aPevos we
TTPOG TNV ouvelopopd TG atpoceaipag (Gregg W.W. and K. L. Carder, 1990) agetépou wg
TTpog TNV emidpaon Tng Bdupwong (Kay S.,J.D. Hedley,S. Lavender, 2009) amokTtdtal n TNV
avakAaoTikétnra tnAemokomrnone (Remote Sensing Reflectance- (Rrs(l)) o€ KABe elkovooTol-
X€io TNG uttd avaAuong €ikovag. EE opiopou n akTivoBoAia/avakAaoTikOTNTA TTOU AdpBdvel o
aiobnTAPaAg TNAETTIOKOTTIONG (Rrs(/l)) IcouTal Je To AOYO TNG CUVOAIKA KATAYPAPAOUEVNG AVEPXO-
pevng akTivoBoAiag/akTivoBoAnong (Ly(A)) TTou kataypd@etal ammd Tov dEKTN O0€ KATToIA ywvia

Béaong (6,,¢,) Tpog TNV KaTtepxouevn nAiakr aktivoBoAia (Downwelling Irradiance-Eq4(A)), 6TTwg
auTr KaTaypAaeTal TTAvw atro Tnv udATIvn ETTIPAvEIA.

Méow Tou NUI-QVOAUTIKOU aAyopiBuou eTTIXEIPEITAI O UTTOAOYIOUOG TNG  UTTOKEIPEVNG TNG
uddaTivng empaveiag (UTToBaAGoaCIag) avakAaoTIKOTNTA TNAETTIOKOTTNONG (fs), £€TO1 OTTWG AUTH
BedTal amd Tov AIGONTAPA TNAETTIOKATTNONG TTPOG TO vadip Tou (OnA. KaTakopU@wg KATwOEV Tou
aiocbnmpa), HEoW TNG KATAYPAPAG/PETPNONG TNG UTTEPKEINEVNG TNG UBATIVNG ETTIPAVEING AVOKAQ-
oTIKOTNTAC TNAETTIOKOTTNONG (R,S(A)). Mo avaAuTikd, atrd TNV TTapaTApnNon TG (Rrs(l)) uTTOAO-
yi¢ovTal ol OUVTEAEOTEG OUVOAIKAG aTToppdpnong (a) kal otrooBookEdaong (by) Kalg TNV CUVEXEID
0 UEOOC ETTIXEIPNOIAKOC TUVTEAEOTHS KATaKOpu@ns e€aocBévnong Tou QuTOG OTO VEPO Kj (/1) .

TN TEPITITWON auTr] TO POVTEAO UTTOAOYIOUOU TNnG €EEPXOMEVNG TWV UBATWY aKTIVOBOAIag
(water-leaving radiance model-(Rrs(/l))) TTOPAUETPOTIOIEITAI WOTE VA AGBEI UTTOWN TOU €KTOG TNG
uttd TNV uddaTivn em@daveia CeviBiog ywviag Tou nAiou (sub-surface solar zenith angle), Tnv
adipouBiakn ywvia Béaong (viewing azimuth angle) Tou 8€kTn TNAETTIOKOTTNONG Kal TNV UTTé TNV
uddaTivn em@aveia ywvia Béaong (sub-surface viewing angle) Tou &éktn TNAETIOKOTIONG. OTTéTE,
OnuIoupyEiTal PE QUTAV TNV TEXVIKI TTAPAUETPOTIOINCNG €va NUI-OVAAUTIKO HOVTEAO TTOU
TTeplypd@el TNV utrtoBaAdooia avakAaoTiKOTATA (Iys) yia didgopeg ywvieg Béaang (6) kai 61 yévo
yia 6€aon Tou aiIoOnTApa TNAETTIOKOTTNONG TTPOG TO Vadip (KAVOVIKOTTOINUEVN AvOKAQOTIKOTNTA),
n otroia divetal atrd TNV akdAoubn oxéon (Lee Z., K.L. Carder, C.D. Mobley, R.G. Steward and
J.S. Patch, 1999) :

or® 1 expl |1 DS | .. L I D | | 23
fro % s (1 exp{ { cos(ew)+cos(6’)} * Z}}rﬂ r exp{ { cos(ew)+cos(6?)} x Z} (e3)

6tou, r® ~(0,084+0.170-u)-u
DS ~[1,03-(1+2,4-u)]°®
DE ~[1,04-(1+5,4-u)]®

b

u=—2>
a+b,
K=a+h,

6, €ivai n uttd TNV udATIVN TTIPAvEIa (eviBIaKN ywvia Tou nAiou,
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6 cival n uttd TRV UBATIVN ETTIPAVEIA YwVia BEéaong Tou OEKTN,

K €ival o ouvteAeoTng e€acBévnaong (attenuation coefficient)

Z ¢ival 1o BdBog Twv uddtwy (bathymetry)

a €ival 0 OUVOAIKOG OUVTEAEDTHG atToppopnong (total absorption coefficient)

b, €ival o ouvoAikdg ouvTeAeoTrG oTTIoBooKEDAONG
(total backscattering coefficient)

p €ival n avakAaoTIKOTNTA (Aeukauyeia) Tou uddrivou TTuBpéva (bottom albedo).
Emiong, pe 10 ev Adyw nui-avaAuTikG povtédo (Quasi-Analytical Algorithm-QAA), TTou €xel
avatrtuxBei amd Toug (Lee Z.P., K.P. Du, and R. Arnone, 2004b), utroAoyietal o péoog
ETTIXEIPNTIAKOS OUVTEAEDTNS KATakopupns £€acBévnong Tou @WwTOG OTO VEPD (Rd (/1)) MéOW TNG
eEepxopevng atmo 10 vepd AVOKAAOTIKOTNTAG (Rrs(/l)), €101 OTTWG AUTA KATOYPAPETAI ATTO TOV
OEKTN TNAETIOKOTTIONG. IO CUYKEKPIPEVA, N TIUA TNG (Rrs(ﬂ)) o€ KABe gIkovoaToIxEio, TTPOO0dIO-

pifetal péow TNG SOPUPOPIKAG E€IKOVAG, OTTWG Kal n avTtioToixn TiuA TG CeviBIOKAG ywviag Tou
nAiou. OUCIOOTIKA, HECW TNG TTPOAVAPEPOUEVNG TEXVIKNG (QAA), EKTINWVTAI KATAPXAS, HECW TNG
TTapatnPoUpeVnNG o KABe pixel avakAAoTIKOTNTOG TTAVW aTTO TNV €AeUBepn €mMQAvEIR TNG
Bdhacoag (Rrs(/l)), Ol ouvreAeaTég ammoppdpnong (a) kal omoBookédaong (by), ol otToiol XPNOl-

MOTToIoUVTAl WG OEDOUEVA EI00O0U OTO €V AOYW NUI-OVOAUTIKO WOVTEAO, TTPOKEINEVOU UTTOAOYI-
oTei o€ deUTEPN PACN O CUVTEAEOTAG (Kd (/1)) To utréywn nui-avaAuTiké povtéAo (QAA) avrti-

oTpépel (inversion technique) TNV TIUA TNG AVOKAQCTIKOTNTAG (Rrs(/l)), n oTroia TrapaTnpEEiTal

TTAVW atrd TNV ETMPAVEIA TWV UBATWY, UE OKOTTO VA UTTOAOYIOEI apXIK& TOV OUVOAIKO OUVTEAEOTH
amoppopnong (a) oe éva UAKoS KUUArog avapopds (ouvABwe oTa A,=555 nm r} A,=640 nm) kai
OoTnNV ouvéxela Péow Twv a Kal by, va TTPocdIoPIoTEl O PECOC ETTIXEIPNTIAKOS CUVTEAEOTHC
Karakopupne e€acBévnong Tou uTdg OTO VEPO (Kd (/1))

H utrokeiyevn tng uddaTivng em@daveiag (UTTOBaAdooIa) avakAAoTIKOTNTA TNAETTIOKOTTNONG
(ris), €101 O6TTWG auth) BedTal amd Tov aiIcOnTApPa TNAETIOKOTINONG TTPOg TO vadip Tou (OnA.
KATAKOPUPWGS KATwOev TOu aioBnTipa), uttoAoyifeTal PEOw TNG KATAypa®AG/PETPNONG TNG
UTTEPKEIPMEVNG TNG UBATIVNG €TTIPAVEIOG avAKAQOTIKOTNTAG TNAETIOKOTINONG (Rrs), OTTWG auth
TTapartnpeital oto vadip (nadir-viewing sensor) Tou 8¢KTn, atrd TNV TTOPaKATw oxéon:

_052,(0) ., _ R()
R.(4)= 1-17r.1) 7 " T (052+1.7)R.() (24)

AvtioToixa, o adidoTaTtog ouvteAEOTNG U opideTal wg O AGYOG TOU OUVTEAEDTH] OTTIOBOOKE-
daong (bp(A)) TTPOG TO ABPOICUA TWV CUVTEAECTWYV ATTOPPOPNONG Kal oTmoBookédaong (a+by(A)),
Kal utropei va TTpoodiopioTel pEow TNG oxéong (25), €dv yvwpifoupe TNV UTTOBAAGCCIO
avakAaaTikéTNTa (I(s)

(2)=— D) (/l)z—90+\/(90)2+4~91-r,s(z)

“a)+n, ) " 2-q, (25)

ATTO TOUG HECOUG OPOUG TWV TIHWV TWV CUVTEAEOTWY Jo KAl g1 OTTWG QUTOI  UTTOAOYiOTNKAV
ammé Tnv épeuva Twv (Gordon H.R., O.B. Brown, R.H. Evans, JW. Brown, R.C. Smith, K.S.
Baker, D.K. Clark, 1988), kai amd tnv épeuva Twv (Lee Z., K.L. Carder, C.D. Mobley, R.G.
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Steward and J.S. Patch, 1999), 6¢toupye oToug €v Adyw OUVTEAEDTEG TIG TINEG J0o=0,0895 kai
01=0,1247, avTiotoixa. Apa, n egiowaon (25) yivetai :

0(h)= b,(4) _ —0,0895+ ,/0,008+0,499-r,.(4)
a(4)+b,(2) 0,249 (26)

Omwg mpoava@épinke, n Acitoupyia Tou nuiavaAuTikKoUu aAyopiBuou (QAA) apyilel pe Tov
UTTOAOYIOUO TOU OUVOAIKOU OUVTEAEDTH atmoppdenong (a) o€ K&tolo PAKOG avagopds (A,) (Lee
Z-P, K.L. Carder, R.A. Arnone, 2002). AKOAoOUBWG, OUVEXICOUPE TOV UTTOAOYIOUO TWV OUVTE-
AeOTWV atTOPPOPNONG Kal yia Ta GAAa PAKN KUPaTog (A). O1 emuépoug ouvTeAEOTEG aTTOPPO-
Pnong Adyw Tou QUTOTTAAVYKTOV, OpYyaviKhG UANG KTA, oTo vepd, uttoloyifovTal he Tn Xprion Tou
OUVOAIKOU ouvTeAEoTH atroppdenang (a(A)). Mvwpidovtag Aoittév, Tnv Tiur Tou Adyou (U) Kail Tov
OUVOAIKO ouvteAeoTy atroppdenong (a(h)), MTTOPOUPE VA UTTOAOYIOOUPE TOV  OUVOAIKO
ouvTteAeoT otmioBookédaong (by(A)):

_u-a

1-u
i avtioToixa, €dv yvwpifoupe Tov Adyo (U) Kal Tov OUVOAIKO OuvTeAEoTH oToBookédaong
(bp(A)), gival e@IKTO va UTTOAOYIOTEI 0 OUVOAIKOG OUVTEAEOTHG aTToppdPNnong (a(A)):

a=—(l u) b, (28)
u

YtrohoyiCovtag Aoimmév, tnv utroBaAdooia avakAaoTikétnta (rrs) (€€10. (24)), , péow NG
€IKOVAG, aTTO TNV TTapaTAPNon TNG UTTEPKEIMEVNG TNG UBATIVNG ETTIPAVEIAG AVAKAAOTIKOTNTAG
TNAEOKOTNONG (Ris), HTTOPOUV va UTTOAOYIOTOUV oI TINEG TOU Adyou (U) (e€10. (26)), atmod TIg
eClowoelg (27) kai (28). 'Exel diamoTwdei 611 TTPpoadiopioviag TNV TIMA TNG Irs, OUCIACTIKA
EKTINATAI KOl 0 Adyog U (e€10. (26)) pe pia atrdékAion TG TaENg Tou 2%-10%. H afeBaidtnTa aTov
UTTOAOYIOUO TOu AGyou U eEapTdTal atmd Tnv akpifeia Tpoadiopiopol TG ZuvapTtnon Paong
(particle phase function) Tou peAeToUpevou OyKOU VEPOU Kal TG OKPIBEIOG TTAPAPETPOTTOINONG
NG uTroBaAdoaiag avakAaoTikéTnTag (Is) (Lee Z-P, K.L. Carder, R.A. Arnone, 2002).

b, (27)

270 €TTOPEVO BAUA YIVETAI EKTIUNGN TOU OUVOAIKOU CUVTEAEDTH) ammoppo@nong OTo LNKOC
KUuaro¢ avagopds (A,), ouvnBwg wg PAKOG KUPATOG ava@opdg AaupdavovTal Ta A,=555 nm T1Tou
agopd TNV TTEPITITWON TwV aUVNOWY WKEAVIWV/TTEAAYIWV UBATWY 1 A,=640 nm yia TNV TTEPI-
TITWON TWV TTOPAKTIWYV UdATWYV. OTav yia TTapddelyua €TMAEYETAI TO PAKOG KUPATOG ava@opdg
A,=555 nm, T6T€ 0 aVTIOTOIXOG OUVTEAEOTAG ammoppd®nong a(555) uttohoyicetal atrd TNV akKOAoU-
en oxéon:

(555)=0,0596+0,2-(a(440), —0,01) (29)

Otrou, n TIYAR TOU OUVTEAEOTH ATTOPPOPNONG OTO MAKOG KUpatog A=440 nm, a(440)
XPNOIYOTTOIEITAl WG Wia “evdidueon” TTAPAUETPOG HE TNV BorBeia Tng oTroiag TTpoadlopileTal oTnV
OUVEXEID 0 OUVTEAEOTAG atmoppdPnoNng TNG NAIOKAS akTivoBoAiag oTo vepod, yia TO HAKOG KUUATOG
Twv 555 nm (a(555)):

a(440), =exp(-1,8—1,4-v +0,2-1?) (30)
rrs (440)
ueto v=In (31)
rrs (555)
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AKOAOUBWG, 0 POCPATIKOG CUVTEAEOTAG OTTIOBOOKEDOONG byp(A) TTapaueTpoTToIEiTAl CUNPWVA
ME TO povTéAo Twv (Gordon H.R., A. Morel, 1983) kai (Smith R.C., K.S. Baker, 1981), wg
aKoAoUBwg:

) 555
8 ()-8 2) 0, (4} %] S0t 659 52| @
Omou, byw(A) cival o ouvteAeoTAG otmiocBookédaong Tou “kaBapou” vepou (pure seawater),
onAadn avTirpoowTreUel TNV okEDAON TTPOG TNV €AeUBepn em@dvela Tng uddTivng palag, n
oTroia  OQ@EIAETAl OTA POPIA TOU VEPOU, €VW O OUVTEAEOTG OTTIOBOOKEDAONG Dyy(A) avTi-
TTPOCWTTEUEI TNV OTTICB00KEDAON Adyw TWV AIWPOUUEVWY OTO VEPO ocwuaTIdiwy (particles).

O1 Tigég yia Tov ouvteAeaTr] ommoBookédaong (byw(A)) Kal Tov CUVTEAECTH atToppdPnong yia
T0 KaBapd BaAdoaio vepd (ay(A)) didovral atmd Toug (Morel A., 1974) kai (Pope R. and E. Fry,
1997).

Otav gival yvwoTEG 01 TIMEG TWV CUVTEAECTWYV atmoppdPnong Kal oTmobookéSdacng OTO WKOG
KUMOTOG ava@opds (A,=555 nm), dnAadr Tou a(555), Tou ouvTteAeaTr) oToBookédaong by.(555),
a(555)
(a(555)+b, (555))
eiowon (32) ptropei va UTTOAOYIOTEI O OUVTEAEOTHG TNG OTTICBOOKEDAONG TTOU OQEIAETAI OTA

QIWPOUHEVA OWHATIOIA TOU VEPOU by,p(555).

OTTOTE Kal Tou Adyou u(555): , OTO MAKOG KUPATOG TWV 555 nm, 16T€ a116 TNV

AkoAoUBwg, ol TINEG Tou cuvTeAeoTr) omoBookédaong (Lee Z-P, K.L. Carder, R.A. Arnone,
2002) og GAAa pNAkn kKOpatog (A) evdiagEépovtog, OTTwG yia TTapddelyua OTo PAKOG KUPOTOG
Ai=440 nm, pTropei va uTToAoyIoTOUV HECW TOU EKBETN 1] TNG €610.(32), 0 oTTOi0G I00UTAI ME:

rrs (4 4 O)

n= 2,0(1—1,2-exp(— O’Q.WD (33)

E@appdlovtag Tnv TiuA Tou cuvoAikoU ouvTeAEOTH oTMIoBoOoKEDOONG bp(A) yia TO TUXOV PAKOG
KUhJaToG (A) otnv egiowon (28), TpoodiopifeTal aAyeRPIKAE O OUVOAIKOG OUVTEAEOTAG
aTmopPOPNONG OTO UTTOWN HAKOG KUUATOG a(A).

H oakTivoBoAia A=440 nm Trapouaidlel apkeTd evdlagépov attd TIAEUPAS TNAETIOKOTTNONG,
KaBdoov o€ auTd To PAKOG KUPATOG TTAPATNEEITAI N PEYIOTN atToppdPnon TG NAIOKAG EVEPYEIAG
atrd TIG XPWOTIKEG ouaieg Twv UKWV (algae pigments) (Jerlov N.G., 1968).

2TOUG UQIOTAPEVOUG CHHEPA AIoBNTAPESG TNAETTIOKOTTNONG TWV UBATWYV (TT.X. SeaWIiFS, kai
MODIS) dev diatiBetal @aouarik) {wvn €yyug Tou PKoug KUWaTtog Twv 640 nm, kavaAl 1o
OTTOI0 XPNOIUOTIOIEITAI VIO TOV AKPIBECTEPO UTTOAOYIOHO TWV CUVTEAEOTWYV aTToppdPnong (a) Kai
otmmoBookédaong (by) ota TapdkTia/pnxd pe Tupfwdn pory Udarta (coastal waters). MNa va
epapuoaTei Aoimmoév n pebodoAoyia Tou nuI-avaAuTiIKou aAyopiBuou oTa TNAEOKOTTIKG dedouéva
TWV &v AOYyWw aiodnTripwy, UIOOETEITAI Pia EUTTEIPIK) TTPOCEYYION TTPOKEIMEVOU TTPOCOUOIWBEI Jia
POOMOTIKA PETPNON TNG (Rrs(/l)) ota 640 nm, (Lee Z.P., M. Darecki, K.L. Carder, C.O. Davis, D.

Stramski, W.J. Rhea, 2005) wg akoAoUbwg:

0,0005-R(667)
RI’S (490)

H avaAluon Twv dedopévwyv pe xpron Ttou Trpoavagepduevou poviédou (QAA Algorithm)
MTTOPEl VO OAOKANPpwOEi 0TO onueio autd, WaTOOO Yia TTOAEG EQAPUOYES TNG TNAETTIOKOTINONG
givalr €mOuunTé va TTPoXwpPEnoel N avaAuon TTEPAITEPW, TTPOKEIUEVOU TTPOCOIOPIOTOUV KAl Ol

R.(640)=0,01-R(555)+14-R _(667)— (34)
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OUVTEAEDTEG QTTOPPOPNCNG AGYW TNG UTTAPXOUOCAG OTO VEPO XAWPOPUAANG (ay(A)) ri/Kar o ouvre-
AeoTG atroppdPnonG AOyw TwV UTTAPXOVIWY QIWPOUPEVWY CWHATIOIWV TNG OPYAVIKAS UANG
(gelbstoff) ag(A) oe autd. Autd cupPaivel KOBOOOV JIAPECW TWV CUVTEAEOTWYV QTTOPPOPNONG
0y(A) Kal ag(A) duvavtal va UTToAOYIOTOUV Ol OUYKEVTPWOEIG TNG XAwpPo@UAANng (Chl-a) 1 1ng
dlaAeAupévng opyavikrg UAng (CDOM) avTioToixa TTou aiwpouvTal JEoa OTO VEPO.

21NV TTEPITITWON AoITTOV TTOU €ival ETTIBUPNTO va TTPOXWPACEI N ETTEEEPYATIA TWV DEDOUEVWIV,
WOTE va UTTOAOYIOTOUV KAl Ol CUYKEVTPWOEIG TNG XAWPOPUAANG-a A/kal TG OlaAeAUpévNG OTO
vepd opyavikig UAng (CDOM), avaAuetar 0 GUVOAIKOG GCUVTEAEOTAG aTroppdpnong oOTa
KUpIOTEPA CUOTATIKA TOU, OTTWG eKPPACETal ATTO TNV akOAoubn egicwon:

alA)=a,()+a,(2)+a,(2) (35)

2TNV TTPOKEIYEVN TTEPITITWON, Oev €ival duvaTdv va ETTINEPIOTEI O CUVOAIKOG OUVTEAEOTAG
ammoppoéenang (a(A)) ota Aoimmd cuaTaTiké Tou (Aw(A), ag(A), ag(A)), €dv gival yvwoTr n TiPA Tou
a(A) og éva povo PAKOG KUPATOG A, KTOG i0WG TNG TTEQITTTWOEWS-1 TwV UBATWY. AUTO cuuBaivel
01611 n e€icwan (35) eutrepiExel TouAdyioTov dUO (2) ayvwoToug, dpa TTPOKEITAI yia éva oUoTnua
e€lowoewv TO o1Toio Bev AUveTal. Apa, atraiteital n dnuioupyia TTAéov TnNG piag egiocwong. MNa Tov
AOYO auTd €€€TACETAI O CUVTEAEDTNG aTTOPPOPNONG 0 dUO (2) PAKN KUPATOG AKTIVOBOAIQG, TT.X.
o€ ekeiva Twv A; =440 nm kai A, = 410 nm. Z1a dUO auTd Prkn KUPaTog A; =440 nm kai A, = 410
nm, o OuvTeAeoTAG atmoppd®nong da(A) utmoAoyiletar amd Tnv €miAuCn Twv TTAPATTAVW
eClowoewv (29) £wg (33). AQou uTToAOYIOTEI 0 GUVOAIKOG OUVTEAECTHG ATTOPPOPNONG OTAa dUO
autd pnkn akTivoBoAiag a(440), a(410), otnv ouvéxela uttoAoyileTal atrd PETPrOEIG OESOUEVWIV
Trediou (Lee Z.P., K.L. Carder, R.G. Steward, T.G. Peacock, C.O. Davis and J.S. Patch, 1998) o

. r.(440
Aoyog %S (5 5 5).

O ouvteAeoTtg ammoppdPnong g dlaheAupévng opyavikhg UANG (gelbstoff) utroAoyileTal atmd
TNV akdAoubn oxéon:

[2(410)- ¢ - (440)] [2(410)-¢ -, (440)]

a,(440)= - 36
;(440) Y o7 (36)
OTToU, N TTAPAPETPOS ¢ 1I00UTal JE:
410
_2(10)_ 7y, 006
a,(440) 08| (440) (37)
" (1.(555)
EVW, N TTapdueTpog € Ic0UTal JE :
a,(410)
= = S-(440-410
o @ag) OIS ) (38)

Y1rohoyiovTag Tov OUVTEAEOTH] atroppo®naong Tng dlaAeAupévng opyavikig UANG dg(A) kai
yvwpifovtag Tov oUVOAIKG cuvTeAEDTH atmopppdPnong a(A), duvatal va UTToAOYIOTEI AKOAOUBWG
0 OUVTEAEOTNG ATTOPPOPNONG TTOU OPEIAETAI TNV XAWPOPUAAN-a (Ap(A)) :

a,,(440) = a(440)— o, (440) -, (440) (39)

270 YAKOG KUPATOG A=440 nm TToU JIOTTIOTWVETAI N PMEYOAUTEPN aTrOopPOPNON TNG NAIOKAG
EVEPYEIOG ATTO TIG XPWOTIKEG OUTIEG TwV QUKWV (algae pigments) (Jerlov N.G., 1968).
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EmAUovTag Tnv egiowan (37) wg TTPog dy(410), AauBavoupe:

a,(410)
= 410)=¢ -«,440
a¢(440) < a'¢( ) g a¢( ) (40)
Kal avTioToIxa Tnv £giowan (38) wg mpog ag(410), Ba £xw :
a,(410)
=— 410)=¢ -, (440
ag(440)©ag( ) g ag( ) (41)

Epdoov, Twpa gival yvwoTéG ol TIWEG TV CUVTEAESTWV attoppdenong a(410), a(440), { kai €,
pe TNV BorBeia Tng egicwong (35):
a(ﬂ) = aw(i)+ a, (A)Jr a, (/”t) = a(410) =a, (410)+ a, (410)+ a, (410) = (42)
a(410)= a,, (410)+ ¢ - ,(440)+ & - o (440)
Kal
a(440)= a,, (440)+ o, (440)+ o, (440) = a, (440) = /(440) - , (440) — cx,, (440) (43)
EmAvovrag v egiowon (41) wg 1pog ay(410), kar avTikaBioTwvTag OTIou ay(440) tnv
e€iowon (43) raipvw TNV akéAoubn oxéon :
a(410)=a, (410)+ ¢ -, (440)+ ¢ - o, (440) & (410) = o, (410)+ ¢ -|a(440) - o, (440) - o (440) |+
£ a,(440) 0(410)=,, (410)+ ¢  2(440)- ¢ -1, (440)— ¢ - &, (440)+ ¢ - (440) =
a(410)= [, (410)+ £ -a(440) ¢ -, (440)]+ a, (440)- (¢ ~¢) = a1, (440)- (¢ ~£)=
{810)- a1, (410) ¢ -(440)+ ¢ - (440) > a, (40) = 2410 =% 410) _éf_' 2‘(440)+ £, (440)

ZUppwva pe Toug (Bricaud A., A. Morel, and L. Prieur, 1981), n amoppdé®ncn TIoU
TTpokaAcital atrd TNV dlaAeAupévn oTo vepd opyavikr) UAn (gelbstoff/yellow substance (y.s.)) o€
OAO TO NAEKTPOHAYVNTIKO GACUA aTTO TO UTTEPILOEG MEXPI Kal TO opaTd (350-700 nm), UTTAKOUEI
oTov akéAouBo vopo:

(44)

ay(2)=a(2,)-exp[-S-(2-2,)] (45)
Edv Aoitmév, BewpnBei wg Tiun avagopds Tou A, To PAKoG KUpaTtog Twv 440 nm, dedouevou
OTI 0T0 WAKOG KUPATOG Ap=440 nm OIATTIOTWVETAI N WEYAAUTEPN aTTOPPOPNCN TNS NAIAKAS
EVEPYEIOG OTTO TIG XPWOTIKEG oudieg Twv UKWV (algae pigments) (Jerlov N.G., 1968), 16T1e n
€€io. (45) yiverar:

o, (1)=a(440)-exp[-S - (1 —440)] (46)
AvTikaBioTwvTag TNV €€icwon (46) otnv e¢iowan (35) TTPOKUTITE! :
o,(1) = ()~ (1), (1) = a(2) - e, (2) - at, (440)- explS - (1 — 440)] 47

E@doov, cival yvwaoTéG ol TINEG TwV ouvTeAeoTwv a(A), a(440), kai S, 16Te péow TNG €icwaong
(46) ptropei va TTpoadIOPICTEN N PACUATIKA KAUTTUAN TOU OUVTEAEOTA Oy(A), 0 OAa Ta pAKn Tou
H/M @dopuarod.

2€ avtiBeon Pe TTPONYOUUEVEG UEAETEG KOTA TO TTAPeABOV, OTNV TTPOKEIPNEVN TTEPITITWON, N
MOV TTOPAPETPOG TIOU OTTAITEITAI VO TTPOCDIOPIOTEN yIA VA UTTOAOYIOTEl O OUVTEAEOTAG
ammoppoPnaong dy(A) Adyw Tou UTTAPXOVTOG PUTOTTAGVYKTOV OTO VEPS, YIa OAG TO WK KUPATOG
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a,(410
NS NAIGKAS akTivoBoAiag, gival o Adyog & =%. Mia TTpdC@aTn £TMIKAIPOTTOINGN TOU NUI-
a
¢

avaAuTikoU aAyopiBuou (QAA v.6) Trepiypdagetal atov lMivaka (1).

MNINAKAZ (1). Emkaipotroinuévn ‘Ekdoaon tou Hui-avaAuTtikod AAyopiBuou (QAA v.6).

(http://www.brockmann-consult.de/)

I'ns(/i) - Rn(i)/(O.S: +1.7 Rn(i))

- g+ (2, F +4g,° 2, *r.(A)

u(A)= 5 . where go=0.089 and g,=0.1245
<&
IF R,,(665) < 0.0015 sr”' (else)
2
a(2,)=a(665)
1 =log ra(443) + 1., (490) L4
B r,.(665) _ Rrs(665)
S =a, (665)+0.3
7(360) +3 (4 )r”(665) Rrs(443) + Rrs(490)

=

:

a(Ay) =a(560)=a_(4,) + e

ubIxalk) . (s60) | b, (2) = by (665) m 22X (%)
l=u(i,) I=u(4y)

n=20 (1-1.2 cxp[-o.a%%n

b, (2) = b, (560) = b, (665)

by, (1) = by, (2 ()—")ﬂ

A

a(4)=(1=u(2))b,.(2)+b,,(2)) u(2)

T&8 >
=074 +— — '
2 0.8 +r,(443)/r_(560)
E= c.\'lu:_s-uu)is =0.015+ 0.002
' 0.6 +r,(443)/r, (560)
9&10

ag(443) -

o £
5 <

(416)— ca(443) a,(416)-Ca,(443)

vy

Ay, (2)= a, (443)e75443 aph(,l )=al4)- a,(4 )—a, (443)

AQoUu TTPOCOIoPIOTEl, OTIWG TIEPIYPAPNKE TTPONYOUUEVA O OUVOAIKOG OUVTEAEOTNG
atmoppoéenong (a) kar o ouvreAeotg ommoBookédaong (b,), TO €mmOuevo OTAdIO €ival O
uno)\oe(lopc')g TOU , UEOOU ETTIXEIPNOIAKOU OUVTEAEDTN KaTtakopuens e€acBévnong Tou guTdg OTO

vepod Kd (/1)) A6 avdAuon Tng egicowong diddoong Tng H/M evépyeiag (ewTdg) (Radiative
Transfer Equation-RTE) 0To VepO TIPOKUTITEI OTI, O GUVTEAEDTAC EE0CBEVNONC (IZd (ﬂ))6i6£ml
ato Tnv giowaon (48).
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Ky =m,-a+v-b, (48)

OTTOU OI TTAPAUETPOI M, KAl V QVTITTIPOCWTTEUEOUV TNV OUVEICPOPA TOU GUVOAIKOU GUVTEAECTH
atmoppoenons (m,) Kal Tou ouvteAeoTh ommoBookédaong (V) avTioTolxa oTnv PETAROAN TOu

Ky (/1) . ATTO peAéTeg £xel atrodelxBei OTI yia dIAPOPETIKEG CeVIBIAKEG YwVieG TOu nAiou Kal yia

OIAPOPETIKEG e€yyeVEIC OTITIKEG 1016TNTEG TOU vepoU (IOPS) n miuf Tou (V) ptTopei va gival katd
TPEIG (3) YopPEG peEyaAUTEPN TOU (M,). ATTO TTPOCOMNOIWCEIS TTOU £yIVAV OTO TTAPEABOV e TO Aoyi-
OMIKO HYDROLIGHT (Mobley C.D., L.K. Sundman, 2000), diammoTwenke OTl oI TTOPAPETPOI M,
Kal V Io0UVTal JE:

m, ~ (1+0,005-6,) (49)
Kal
v=m-{-m,-e™) (50)

otrou, 6, gival n CeviBIaKN ywvia Tou NAiou oTov aépa, VW Ol CUVTEAEOTEG My, My, M3 ICOUVTAI
avtiotoixa pe  mg= 4,18, my= 0,52, ms= 10,8. Apa, 0 UECOC ETTIXEIPNOIAKOS CUVTEAEOTHC
Karakopupnc £€acBEvnong Tou uToG OTO VEPS (Kd (/1)) Ba divetal atrd TNV akGAoubn avaAuTIK

éEKQpaon :
K, :mo-a+ml-(1—m2-e*m3‘”‘)-bn (51)

Emiong, oluugwva pe Toug (Eugenio F., J. Marcello, J. Martin, 2015) 1o eEaydueva
atmmoteAéopaTa BaBuueTpiog atmd Tn Xpnon Tou TTapatmdvw nuI-avaAuTtikou aAyopiBuou (QAA)
givar TTOAU IKavoTroINTIKA Kal O TTOAAEG TTEPITITWOEIS EKTIMWVTAI WG KOAUTEPA aTtd  TA
atrotreAéopaTa Tou “aAyopiBuou avaloyiag” (ratio algorithm), o otroiog Ba Tepiypagei TTapakdTw,
dedopévou OTI AapBavel uTTOWN TOU Ta QUOIKA GAIVOPEVA TNG aTToppoOPnong (water absorption)
amd 10 Bahdooio vepd kal TNG okEdaong atd 1o TEPIBAANov (backscattering) Tng uddrivng
Madag, dnAadr AapBdvel uttéwnv Tou Tnv €midpaacn Tou ouvTteAeaTr e€aoBévnong (Kq), kKabwg
€TMONG KAl TNV oxéon PETagUu avakAaoTiIkOTNTaG/Aeukauyeiag Tou BaAdooiou TTuBuéva (seafloor
albedo), 10 BaBog auTtoU, Kal TIG PUOIKEG-OTITIKEG 1810TNTES (Intrinsic Optical Properties - IOPS)
ToU BaAdoaoiou vepou. Autd TO yeyovog, Oivel Tn duvaTtdTnTa TTPOCdIoPICUOU Tou BéBoug pe
MeyaAUTEPN aKpifela Kal pETpnon TNG BabupeTpiag oe peyaAutepa PAEON.

H akpifeia Twv amoteAeopdTwy Tou aAyopiBuou uttoAoyiopol Twy Babwyv, agioAoyribnke pe
Baon dedopéva ediou TTou CUAAEXBNCAV yia TNV AgIOAOYNON TWV OTTOTEAECHATWY TOU €V Adyw
povTéAou (QAA), péow diaypduuartog diaoTTopdg (scatter-plot), oTo otmoio 0 évag Ggovag eixe Ta
ammoteAéopaTta yia Ta BAEOn TOoU aAyopiBuou kal o AANog GEovag Ta Oedopéva  TTediou
(oupTrepiApBavopévwy Twv “linear fit”, “R?”, & “RMSE?).

To e€ayopevo péoo TeTpaywvikd o@aiua (RMSE) tng pétpnong Tou BAaBoug Kupdvonke atrd
1,20 — 1,94 p., pe ouvreheoTy ouoyxémiong R?=0,93, étav ouykpiBnke n Babupetpia NG
OOPUPOPIKAG €IKOVAG PE Ta avTioToixa dedopéva Tediou pe Badn amd 0,00 - 30,00 .

ETriong, cuppwva pe peAétn Twv (Sheng L., J. Bai, G-W. Zhou, Y-L. Zhao, C. Ying, 2015), o
otroiol digpeuvnoav Tnv akpiBeia dedopévwy BabuueTpiag TTou eEdxBnoav atrd TTOAUPACUATIKG
Oedopéva e xpron Tou idlou NuI-avaAuTIkKoU aAyopiBuou, katédeicav OTl TO YECO TETPAYWVIKO
o@aApa atré 1a 0-30 p. €@Bave Ta 2,49 p. Mo ouykekpipéva diatrioTwoav yia B&6n amd 0-5 p.
pMEoO o@dApa (mean error) TG TaéNG 2,32 Y., yia BaBn atmmd 5-10 y. yéoo ocedaAua 1,54 ., yia
BaBn amd10-20 p. péoo o@dAua Tng Tédéng Twv 1,99 ., evw yia Ta BabuTtepa vepd atd 20-30 .,
TO HECO OQAAUQ oTa dedouéva BabupeTpiag ATav TNG TAENG Twv 4,12 .
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Eptreipikd MovréAa E§aywyng BabBupeTtpiag

Me Ta euTTEIPIKA PoVTEAQ e€aywyng BabupueTpiag, emdlwKeTal va Ppedei pia oxéon PeTAgU TNG
akTIvoBoAnong (water-leaving radiance), o€ KATTol0 QaCPATIKO KaAVAAI TNG €IKOvag (single band
process) TG UTTO JEAETNG TTAPAKTIOS TTEPIOXAG, KAl Twv Babwv (depths) Ta oTroia TTPOKUTITOUV
amo PeTprocels Tediou, o€ OpPICHEVEG BEOEIC eviOC TNG TIEPIOXNAG, TTou oTTodideTal OoTnv
OOPUQPOPIKA €IKOVA. ZTNV TTPOKEIMEVN TTEPITITWON, v ATTAITEITAI va gival yvwaoTh n dladikagia
d1ddoong Tou wWTOG (RTE) péoa otnv uddrmivn pada, 1 n moodTnTa TNG AKTIVOBOAIag TTou
O1aBAdTal kai dladideTal evidg Tou uddaTivou péoou (Gao, J., 2009). O1 TTapadoxES TToU TTPETTEI Va
IOXUOUV YIa VO €QAPPOCTEI N OUYKEKPIMEVN TEXVIKN €ival 0TI n uddaTivn Pala TTPETTEN va gival
OMOIOYEVAG Kal 0 UBATIVOG TTUBPEVAG va ouvioTatal atrd TTapdpolag avakAaoTikéTnTag (albedo)
iCnua. ZTnv TTEPITTTWON TTOU O UBATIVOG TTUBUEVAG Bev gival OPOIOYEVNG TOTE TTPETTEI VA YiveEl
avaluon oe TepIcodTEPEG TNG Mia @aopatikAg (wvng (Lyzenga, D.R., 1978). Ze apkKeTEg
TTEPITITWOEIG, 10IAITEPA XPAOIMEG aTTOdEIKVUOVTAI OTI gival O HETPACEIG avaKAAOTIKOTNTOG OTO
Tedio, o€ XPOVO TAUTOXPOVO HE TNV BIEAEUCN TOu aloBNTAPA ATTO TNV TTEPIOXK EVOIAPEPOVTOG,
Kal yIOo €va eupU @ACHA PUNKwV KOPaTog (A). O1 ev AOyw HUETPACEIS TNS TIMAS TNG avaKAAGTIKOTN-
Tag (albedo) xepoaiwv avTikelpévwy Ba TTpoodiopicouv Tov BEATIOTO cuVOUACHO TWV QACHATI-
KWV KavVaAIWV TTou Ba TTPETTEl va XpNOIKMoTToINBoUV yia TNV £Eaywynh Twv akpIBEoTEPWY OeBOE-
VWV BaBupeTpiag.

Omwg TTpoava@Eépbnke, onUAvVTIKOG TTapdyovriag oTnv  alomoifon Twv TNAEOKOTTIKWY
Oedopévwy yia egaywyrh TNG BabBupeTtpiag, PeE TNV XPAON EPTTEIPIKWY HOVTEAWYV, ATTOTEAEI N
EMAOYA TWV KATAAANASGTEPWY QACHATIKWY (WVWV/KavaAiwy, ATOI XPNOIUOTIOINON €KEIVWY TTOU
TTapouaialouv PeyaAuTepn dIaBAACTIKOTNTA/ OIEIGOUTIKOTNTA OTO VEPO. ZTNV TTPOKEIYEVN TTEPI-
TTworn, 10 H/M @daopa Tou “ptrAg” pnkoug Kupatog (450 nm - 520 nm) atroTteAei TNV apxIkn
€AoY, AOyw TNG HEYAANG BIEICOUTIKOTNTAG TTOU TTapouUaiddel oTo “Kabapd” vepd. QoTéo0, 6Tav
n uddmvn pala TTapoucidalel YEYAAN CUYKEVTPWON O€ QlWPOUNEVO cwuatidla A oe TTpoidvTa
XAWPOPUAANG TOTE HEYAAUTEPOU PIKOUG KUPATOG KAVAAIA gival KATAAANAGTEPa. MNa TTapadeiyua,
yla egaywyr BaBuueTpiag Kal avTioToixn TTapaywyn BaBUUETPIKWY XOPTWV atrd vepd Ta oTToia
gival “0oAd”, AOyw TNG PEYAANG CUYKEVTPWONG AVOPYavwY CWHATIBIWY, TTPETTEI VA XPNOIUOTTOI-
oUuvTal PAKN KUPOTOG KOVTA 0TO “KOKKIVO” (746 nm -759 nm).

To eumreIpIkd HovTéNo TTpoodiopileTal ouvhRBwS HECW TNG EUBEIOG N KAUTTUANG TNG YPOM MIKAG
TTaAIVOPOUNONGGS, TNG OTToIaG oI ouvTEAEOTEG uTToAoyifovtal pe Tn HEBOSO Twv eAaxioTwv
TETPAYWVWV (regression analysis). [io ouykekpipéva, n dnuioupyia diaypaupdtwy dlacTTopdc,
ME GEoveg (KaTakOpu@o/y-axis) TNV TIMN TNG AvaKAAOTIKOTNTOG OTIG QACUATIKEG (WVEG TTOU
OlaBAdTal kaAUTEpa n H/M akTivoBoAia, o€ opiopéva ikovooToixeia (pixels), TTpog TNV TIUA Twv
oedopévwy TTEdioU (Babwv-opIOVTIOG Agovag/x-axis) OTIG iDIEG BETEIG TWV EIKOVOOTOIXEIWV Kal €V
ouvexeia o uttoAoylIopdg TNG €€iowaong TNG KAUTTUANG TTaAivopopnong (regression  analysis),
MTTOPE Vva e€Ayel-ekTIUACEN ATt TNV S0pUPOPIKH €IKOVA TNV BaBupeTpia TNG eupUlTEPNS TTAPAKTIOG
TTeploxns. H akpifeia Tou Tapayopevou JOVTEAOU EKPPACETAI HECW TOU CUVTEAEDT) CUCXETIONG
(correlation coefficient - R?) Tng e€iowong TaAivpdunong. 'Eva uoviéAo To OTT0io SnuIoUPYEITal
ylo pgia TTapdKTIa TTEPIOXT, N oTToia cuvioTaTal atrd “kabapd” vepd ouvnBwg dev gival KatdAAnAo
yia Tnv €€aywyr BabuueTpiag o€ pia TTapAKTIa TTEPIOXN ME VEPA TTou gu@avifouv “OoAdotTnTa”. O
OUVOUOOUOG TNAEOKOTTIKWY OedOoPévwV Kal dedopévwy TTEQIOU TA OTTOIO GUAAEyovTAl PE TIG
TEXVIKEG UdPOYPAPNONG PTTOPEI va pag dwaoouv pEXpl BaBoug 15,00 ., akpipeieg, 1600 opifov-
Tioypa@ik& 600 Kal w¢ TTPog 10 BAbog, Tng Tagng Tou 1 Y. (Jawak S.D., S.S. Vadlamani, A.J.
Luis, 2015).

H duvatdétnTa péTpnong TG avakAaoTIKOTNTAG Tou udATIvou TTuBuéva e§apTaTal EKTOG TWV
TTPOAVAPEPOUEVWYV TTAPAYOVTWY Kal aTrd TNV TToI0TNTA Tou ICiaTog auTtou. Mia Trepioxn n oTroia
epaviCel TToikIAopop@ia ICNUAaTwWY BaAdoooiou TUBuéva atraitei 101aiTepn TTPOCOX OTNV
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emegepyaoia kal avadAuon Twv dOpPUPOPIKWY OedOPEVWV TNG, ME XPNAON TWV EUTTEIPIKWV
aAyopiBuwyv BaBuueTpiag, kKaBooov n UETABOAR TNG AVOKAGOTIKOTNTAG TOU TTUBUEVA aTTQITEL
TTPOCOIOPICUO TWV CUVTEAECTWV TNG £EI0WONG YPAUMIKAG TTAAIVOPOUNONG ME PEYAAUTEPN OKPI-
Beia, evwy Ba TTpETTeEl N €IKOva va £xel O1opOwOei PadIOPETPIKA TTPIV TV KATAOKEUN TOU EUTTEIPI-
KOU povTéAou, wg TTPOog Tnv £TTidpacn Tn¢G atpoc@aipag(atmospheric path radiance).

“T'papuik6g” MetaoxnuaTtiopdg (Linear Transformation)

Mpdkertarl yia pia péBodo Tou avatTuxnke atmd Tov Lyzenga (Lyzenga, D.R., 1978), n otoia
epapuoleTal Kupiwg ae BaAdooleg TTEPIOXES “KaBapwv” OXETIKA vepwy, dNAAdA USATIVWV OYKWY
TToU OeV TTEPIEXOUV PEYAAEG CUYKEVTPWOEIG OE AIWPOUNEVA CWHATIOIN, XAWPOPUAAN, opyavikn
UAN, KTA. H ev AOyw TeEXVIKN KAVEl TNV TTAPadoxr OTI Ol QUOIKEG KAl XNMIKES 1810TNTEG TOU PECOU
O1ddoong dev peTaBaAlovTal péoa oTnV UBATIVN TTEPIOXI TTOU ATTOTUTTWVETAI 0TV SOPUQPOPIKN)
€IKOVa, OTTOTE 0 AOYOG TWV OUVTEAEOTWY £€aaBEvnong Adyw Tng didxuong Tou QwTog o€ dUo (2)
@aopatikég Cwveg Tr.X. (i) Kai (j), Ki kal K; avrioToixa 8a cival otafepog (K / Ki=otabepdg), ot
OAn Tnv ékTaon NG €ikovag. QoTO00, N TeAeuTaia TTapadoyr dev CUVETTAYETAI ATTAPAITNTA TO
YEYOVOG OTI €111 0 AOyog Ki/K;=0TaBepOG TOTE KAl O AVOKAQOTIKOTNTEG TTOU TTPOEPXOVTAI ATTO
Tov uddTivo TTUBuéva Ba eivar oTaBepég/ouoleg, Oedopévou OTI auTéG MeTaBAAAovTal o€
TTEPITITWON BIAPOPETIKAG CUCTACNG TOU ICANATOG TOU TTUBEVA.

Kpioigog mmapdyovtag TpIv TNV €Qapuoyn Tou v Adyw aAyopiBuou, gival n epapuoyn mng
ATHOCPAIPIKAG 810pBwong Twv TnAeokomkwy Oedopévwy. H Oladikacia &i16pbwong Twv
TNAEOKOTTIKWYV dedopévwyv atrd TNV aAAnAeTTidpaon NG atuéo@aipas (agaipeon Tou “Bopufou”
Aoyw okédaong-atmospheric path radiance) kal Tng KATOTITPIKAG AvAKAAONG TNG OKTIVOBOAIQG
otnv emeaveia NG 6dAhaccag Bacifovral cuvRBwg, oTnv agaipeon Tou Mo “okoreivod” pixel
atrdé TA UTTOAOITTO EIKOVOOTOIXEIA TNG DOPUPOPIKAG EIKOVAG VIO TNV OUYKEKPIUEVN (PACUATIKH
Cwvn. H Tpoava@epduevn TEXVIKN TTPAYHATOTTOIEITAI UTTOAOYICOVTAG Twv PHECO OPO TNG AVOKAQ-
oTikétnTag (reflectance/radiance/DN-values) Twv pixels Twv BaBéwv uddtwv. H gv Adyw
UTTOAOYICOUEVN LéEON TIUR QQAIPEITal, OTNV CUVEXEIA, atTd OAa Ta GAAa pixels TnG eikévag o€ KABe
@aopatikry ¢wvn. O gv Adyw HETAOXNUATIOWOG UIoBETEl, yia Tov uTToAoyIopo Tou BéBoug Tnv
TEXVIKI] avAAUONG TNG QOCHATIKAG METARANTOTNTAG TWV pixels TNG €Ikévag, XpNOILOTTOIWVTAG Wia
TTapaueTpo-o¢iktn (depth-invariant bottom index), mou eivai avegdptntn Tou BABouG, yia KABe
Celyog GAOUATIKWY CWVWV.

2UPQWvVa PE TNV TeEXVIKN Tou Lyzenga, €mmAéyovtal U0 (2) QACHOTIKEG CUWVEG TNG EIKOVOG
(.. Band 1 ka1 Band 2), kai dnuioupyouvTal Ta avTioTolxa diIaypAauuaTa TwV AKTIVOBOANCEWY N
TWV avakKAAoTIKOTATWY 1 Twv DN-values kATolwv €IKOVOOTOIXEiWY, Ta OTToia Bpiokovral o€
TTUBévEG TTou TTapoucidgouyv idieg TTOIOTNTES ICAUATOG, APa TTAPOUOIa AVOKAQOTIKOTNTA, AAA&
a@opoUV o€ JIAPOPETIKA BAON. TNV TEPITITWON AUTH, BEWPNTIKA, OI TINEG TWV “YPANMIKOTTOINME-
VWV’ akTIVOBOANCEwV (1 Twv avaKAQOTIKOTATWY 1 TwWV TIMWV TWV WYNOIOKWY apiBPwyY Twv
pixels) o€ kaOe pixel Oa peTaBAAAovTal YPAPUIKA cUVapTACEl TNG METAPBOARG Tou BAaBoug. H KAi-
on (slope) avrioToixa TNG €uBciag TTou OnuIoUPYEITAl ATTO TNV CUCXETION TWV YPOUUIKOTIOI-
nuévwy akTivoBoAnoewv (In(radiance)) kai BaBoug, kal 010 diIdypauua auTtd, avTITTPOCWTTEUE! TO
ouvTeAeoTh €€aoBévnong yia kKGBe gaopaTikh {wvn (11.X. K A Ky). TNV TTPOKEIYEVN TTEPITITWON
(Eikéva 4), diammoTwveTal PEiwon TNG avakAAOTIKOTNTAG TWV €TTIAEYPEVWY pixels, yeyovog TTou
OuveTTaAyeTal peiwaon Tou BAaBoug atrd Ta apioTepd Pog Ta degid TG eubeiag TTaAivdopdunong/
OUCXETIONG.

2710 TeAIKO O0TAdIO TNG AvAAUONG TNG €IKOVAG, YiveTal TTPOOTTIABEIO TTPOCBIOPICHOU Tou “OeikTn
TToI0TNTAG TTUBUEVA”, TTou gival pia TToodTnTa PN €€aptnuévn amd 10 PABog Tou idlou Tou
TTUBuEVA. AUTO ETTITUYXAVETAI €AV OTNV AvAAUon TwV TNAEOKOTTIKWV dedOuEVWY, An@Oei utTdwn
Kal GAAN pia BaAdooia-uddTivn TTepIoxn, ME dIa@opeTIkG TUTTO ICAPATOG TTUBUEVA (TT.X. BaAdoolo

Copyright © 2016 Hellenic Naval Academy

E-28



PART E: Marine Sciences and Naval Operations

ypaoidl- seagrass). Eav emavaAn@Bei n Tpoavagepouevn diadikaoia (YypaudIkoTToinon) yia tov
véo TUTTO ICAMaTOC (Eikdva 5), 16Te w¢ amoTéAeopa Ba £xw pia euBeia, n omoia Ba TTapouciddel
Tov BaBud cuoxétiong Twv @acuaTikwy (wvwv 1 kail 2. H ev Adyw eubcia Ba Téuvel Tov y-aéova,
o€ DIAQoPETIKO onueio (y-intercept) amd o1 TO TPWTO iCNHA (AETTTOKOKKN GUUOG). TO yeEYovog
QuTO OUPPaiVEl, ETTEIBN Ol AVAKAQOTIKOTNTEG TWV EIKOVOOTOIXEIWV OTIG dUO (PACHATIKEG CWVEG
(Band 1 ka1 Band 2), yia Toug dU0 TUTTOUG ICNPATWY (TNV AETTTOKKOKN AUUO Kal To BaAdGoacio
ypaoidl), gival DIOPOPETIKEG.

4 Aentokokkn Appog 2% 1 Aentékokkn Appog
g

P g Ln(Band 1)
S 3
3 &
= Ny
9 0
e >

Band 2
Ln (Band 1)
Bé&bog (z) Bdbog (z)

EIK. 4. pappikotroinon aktivoBoArnoewv gaocpatikwy (wvwy (Lyzenga D.R., 1978).
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EIK. 5. Mpoadiopioudg Aciktn Moidtntag MuBuéva (depth-invariant index of bottom type)
(Lyzenga D.R., 1978).

O Lyzenga (1978) amédeige 61 n oxéon peETaEU TTapaATnPEnOEicag avakAAoTIKOTNTOG
(reflectance/radiance-Ry) kdBe pixel Tng €ikévag TTou avTITTPOCWTTEUEl UBATIVN TTEPIOXT|, TOU
BaBoug (depth-z) kai Tou BaBuou avakAaoTikéTNTag/Acukauyelag Tou TTuBuéva (bottom albedo -
Ag), uTTopei va Treplypagei atméd Tnv akdéAoudn egicwon;:

R,=(A; -R,)-exp(-g-2)+R, (52)
omou R,, €ival n avakAaoTikétnTa (reflectance) tg uddmvng padag (dykou vepol) OTTWG auTh
TIPOKUTITEI OTTO TIG TTEPIOXES TNG DOPUPOPIKAG EIKOVAG OTTOU TO vEPO gival BabU (oTrTikd), Aq gival
n avakAaoTikéTnTa/AcuKkauyeia Tou BaAdoaoiou TTuBpéva (bottom albedo), z To B&Bog kai g gival
Mia ouvapTtnon TTou TTEPIyPA@el Toug auvTeAeaTéG didxuong (diffuse attenuation coefficients-Kg)
yIa TNV KATEPXOMEVN Kal avepXOueVn aTrd Tov TTUBUEVA akTIVOBOAIa (pwg).
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H egiowon (52), duvatal va gavaypagei eTTIAUOVTAG TNV WG TTPOG TO BAB0G Z cuVapPTACTE! TWV
avaKAQOTIKOTATWY TOU TTUBEVA Kal Twv BaBéwv uddTwy wg €ENG:

z=g*-[In(A, -R,)-In(R, —R,)] (53)

O Tmpoodiopiopdg/ekTipnon Tou BdBoug z pe Bdon TnV TTApATTAvW £€icwon atd pia pévo
@aopaTik Cwvn e€apTdTal atd TNV avakAaoTIKOTNTa/Acukalyeia Tou TTuBpéva Ay (Albedo).
OT1wg gival eUAoyo, pia peiwaon TNG avakAaoTIKOTNTAG Tou TTUBUEVA (Aq) €XEl WG ATTOTEAECUA TOV
utToAoYIOHO augnuévou BaBoug Bahdoaong A yevikoTEPa Tou UBATIVOU TTUBEVQ.

ETriong, o Lyzenga (1978, 1985) amédeige 611 N HeAETN U0 (2) AoUATIKWY WVWV UTTOPET Va
TTapé€el dlopBWOEIS yia TNV TTEPITITWON TNG METABANTOTNTASE TNG Afukauyeiag “Albedo” Tou
I{AMaTOG TOU TTUBUEVA, PE atTToTEAEOa TO BAB0G va TTPoadIopIoTEl e HEYAAUTEPN akpifela pEow
TNG TTAPAKATW €iowong:

z=a,+a - X;+a; X, (54)
oTtTou,
X = In[Rw (ﬂi )_ R, (ﬁ“i )] (55)

O1 o1aBepig Ao, Qi Kal aj, TTpoodlopifovTal atd eTTiAucn egiowaong TTOAATIANG YPAUUIKNG
TTaAivopouiong (Multiple Linear Regression) ) péow AAANG avTioToIXNG TEXVIKNAG.

O YPAPUIKOG hETOOXNUATIOUOG Tou Lyzenga (€€10. (68)), TpoUTToBETel TNV yvwon TTévie (5)
OUVTEAEOTWV (ao, Oi , a;, Ruw(A), R.(4))), TTpokeiuévou TTpoodiopiaTei 1o BAB0G (Z), yeyovog TTou
TTpokaAei TTpoPAARuata 101aiTEpa G PEYAANG €KTAONG TTEPIOXEC ME OXETIKA HIKPR (PACHATIKNA
dlagpopoTToinon 0TV Ao uaATiky ToIdTNTA Tou TTUBUEva. OTav N avakAAoTIKOTATA TOU ICHKATOG 1
NG xAwpidag Tou TTUBPEva gival PIKPOTEPN TNG AVAKAAGCTIKOTNTOG TNG €UpUTEPNG TTAPAKTIAG
{wvng, OTTwG Ouppaivel oTnV TTEPITTITWON TIOU UTTAPYXouvV OTnv TTapdkTia {wvn @QUKIa N
“mooeidwvia”, ToTE oupPaivel N avakAaoTIKOTNTA Tou TTUBPEva (Ag) va gival pIKpdTEPN TNG ava-
KAQOTIKOTNTAG TwV “Babéwv uddtwv” (R.). ATToTéAEOUa auToU TOU yeyovoTog eival n dlagopd
[Rw(A)-R(Aj)] va givar pikpdtepn Tou pndevog, dpa o AoyapiBuog In[Rw(Ai)-R.(A;)] dev opileta.
ZUVETTWG TTPETTEI VO XPNOIMOTTOINBEI KATTO10G GAAOG aAyOPIBUOG UTTOAOYIGHOU Tou BABoug (2).

“Avaloyikog” MetaoxnuaTtiopdg (Ratio Transformation)

To mpoBAnua egaywyng TG BabupeTtpiag, ammd pia TTapAKTIA TTEPIOXH N OTToia TTAPOUCIALE!
eIkovooTolxeia (pixels) TNG pe  XauNAOTEPN TIMA AVOKAQOTIKOTNTAG aTTd OTI OTa pixels Twv
“BaBiwuv vepwv”, ATav n agopun yia Epeuva xpriong/aglotroinong evog evaAAakTIKou aAyopiBuou.
O ev AOyw aAyopIBuog/ovTENO €xel AiyOTeEPEG €apTnUEVES HETABANTEG, va aTtaiTtouvTal AiyOTeEPEG
“EMTTEIPIKES” PUBNICEIC TTPOKEIMEVOU Va gival TTIO ATTOTEAECHATIKOG KAl AKPIBNG OTIG TTEPIOXES TNG
OOPUPOPIKAG €IKOVAG TTou UuTTdpXouv didgopa €idn YAwpidag Kal TTolKIAopopYia oTnv
QAvVAKAQOTIKOTATA TWV ICNUATWY Tou TTUBUEVA.

Kpioiun TTopaueTPOG aTTOTEAET TO YEYOVOGS OTI OI BIAPOPEG PACUATIKEG WVEG TWV TTABNTIKWV
aiodnmpwyv Ba Taopoucidfouv  PETALU TOUG  OIOQPOPETIKEG (PACHOTIKEG QATTOPPOPHOEIG-
e€aocBevnoeig. AQou ol TINEG Tou BaBoug (z) Tng eCicwong (49) peTaBaAAovTal CuvapTACEl TOU
AoyapiBuou, TéT1E KO N avaAloyia/Adyog Twv AoyapiBuwyv dnAadr Twv YPANPIKOTTOINKEVWY TIHWV
avakAaoTIKOTNTAG, Ba peTaBdAAeTal avaAdywg Tou BaBoug Tou TTuBuéva. Kabwg 1o Bdbog (z)
augdvel, n avakAaoTikdTnTa (reflectance) oe duo (2) 1.x. acuatikég wveg (bands) peiwveral,
kal o In(Rw(Ai)) Tng {wvng pe TNV peyaAUTepn amroppdenon (green) Ba pelwOei “avaAoyikd”
Tayutepa amd Tov AoyapiBuo In[Rw(A)] Tng ¢@acuatikig dwvng (band) pe Tnv XxapnAoTtepn
atmoppoéenon (blue). AvtioToixa, 0 Adyog Twv QVAKAQOTIKOTATWY TWV QVTIOTOIXWV pixels
[blue/green] auavetal 600 peiwvetal n avakAaoTikoTnTa (R) Kai augdvetal avrioToixa 1o Ba6og
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(z) Tng BaAaccag. Mia petaBoAr otnv avakAaoTikéTnTo/Acukalyeia Tou TTUBUéva (Bottom
Albedo), n omroia TTpokaAeital atrd ahAayr) TG XAwpidag ) Tou ICAUATOG Tou TTUBUEVA, ETTNPPEA-
Cel kail TIG dUO (2) pacuatikeéG Cwveg TrTapopola (Philpot, 1989), evwy aAlayég oTo BaBog eTTnpped-
Couv TNV Cwvn Pe TNV PeyoAUTePn atmoppdPnon TTEPICOOTEPO. AVTIOTOIXWG, N METAROAN oTOV
“AOY0” TwV AVOKAQOTIKOTHTWY TWV QACHATIKWY wvwyv £veka Tou BABoug Ba gival TTOAU peyaAu-
TEPN aTTd TNV WETABOANA TTOoU TTPOKaAEiTal aTTd TNV aAAayr TNG TToI6TNTAG ToU TTUBUEVA Adyw TNG
OIAPOPETIKOTNTAG TOU ICAUATOG ] TNG XAwpidag.

Katd cuvéttela, oTnv TTEPITITWON TTAPAKTIAS TTEPIOXNAS ME OTaBepd BdBog (z), pixels Tng
OOPUPOPIKAG EIKOVAG TTOU TTAPOUCIACoUV BIAQOPETIKA AVOKAACTIKOTNTA AOYyw ICAUATOG f/Kal
¥Awpidag, Ba TTapouciddouv idlo/cTaBepd “Adyo” AoyapiBuwy avakAAoTIKOTATWY OTIG dUo (2)
paouaTikég Cwveg (blue/green).

NAapBavopévwy uTrown Twv TTapatavw, ol (Stumpf R.P., K. Holderied and M. Sinclair, 2003)
TTPOTEIVAY, TTPOKEIMEVOU VO QVTIUETWTTIOTEI N PEXPI TTPOTEIVOG OUOKOAIQ oTnv egaywyn Tng
BaBuueTpiag TTou TTPOKAAEITAI ATTO TNV dIAPOPETIKOTNTA TG AVOKAACTIKOTNTAG TOU ICAMATOG TOU
TTUBUEvVa, évav avaloyikd aAyopiBuo (“avaloyikog ueracxnuarioudc”), © otroiog duvartal va
TTpoadlopilel To BABOG (2), avegdpTnTa ATTO TNV TTOIGTNTA 1 TO €id0G TNG XAWPEIdag Tou TTUBUEvVQ,
0 oTmroio¢ Ba Trpétrel va “pubuioTel” pOVO WG TTPOG Ta TTPAyuaTIKA Bdaén, pe Tnv PBonbeia
OedouEVWV €VOC vauTIKOU XApPTNn i evog BaBUPETPIKOU dIaypAUNaTOC N HECW PETPOEWYV TTEdIOU,
Méow TNG akdAouBng avaAuTiKAG oxéong :

- Ru(A)
In(n-R, (1. °

LAY
61Tou My gival pia “puBuIlouevn” oTaBepPd, n oTroia xpnoiuevel oTo va TTpocapudlel/pubuilel To
“Aoyo” oTto “BdBog” (z) Tou XEE A Tou Trediou, N cival pia otaBepd TTou OXETICETAI PE TNV
EKAOTOTE TTEPIOXN EVOIAPEPOVTOG, KAl M, gival pia otabepd petatotmong (offset) yia 1o BaBog
TTou avTioToixei o “0” . (z =0). H otabepd n emAéyetan €101 WOTE va eEao@alioTei OTI O
AoyapiBuog (In) Ba eival Travra “BeTikOG” Kal €101 0 “AOyog” (ratio) TTapdayel ypauuika/avaloyikd
atroTeAECPATA CUVOPTAOEI TNG PETABOANG Tou BdBoug.

Z=m,:- (56)

Mo ouykekpIpéva, O OTABEPEG/OUVTEAEDTEG My KAl M, TOU avaAOYIKOU POVTEAOU €EQYWYAS
BaBupeTpiog duvaral va TTPOCdIOPIOTOUV HPE OTATIOTIKA CUCYXETION TWV TIMWV AVOKAAOTIKO-
TNTaG/aKTIVOBOANCNS/WN@IOKWY apIBUWY Kal Twv TIHWV Twv Babwyv Tou XEE oTIG avTioToixeg B€-
o€Ig Twv pixels. Méow AoyioTiKwy QUAAWY, uttoAoyileTal n egicwon TTaAivOpduNong/ cuoxETiong
METAEU Twv Oedopévwyv Tediou (Xx-agovag) kal Twv dedopévwy akTivoBoAiag Twv pixels (y-
agovag). Ao Tnv €€iocwan ouoxETIONG TTPOKUTITOUV Ol TIUEG TWV CUVTEAEOTWY “kKEPOOUG” (M1) Kal
“petatdmmong” (mo) Tou avahoyikoU aAyopiBuou egaywyng BaBuueTpiag (Eikdva 6).

2Uhgowva pe Toug (Stumpf R.P., M. Singlair, 2003), n péBodog TOU “avaAloyikou
peETaoxNUaTiopou” (ratio transform) @aiveral va avtiyeTwidel o€ IKavoTroiNTIKG Babud onuavTika
Bépata-TrpoBARuaTA, TTOU ATTOPEOUV OTTO TOV TTPOCBIOPIOUO BABUUETPIAGC HECW TWV TTABNTIKWYV
TTOAUQACUATIKWY dOPUPOPIKWY aIoBNTAPWV.

MapdAAnAa, n ev Adyw TEXVIKNA, yia TNV d10pOwanN TNG ATHOOPAIPIKAG ETTIOPAONG, OEV ATTAITE
agaipeon TNG avakAAoTIKOTNTAG Twv BaBéwv uddtwv (L;.), TTou atroTeAei pia diadikaoia o€
MEYAAO BaBuod “uttokeIyeVIKA”, n oTToia avaAdywg Tou €idoug TNG TTOIOTNTAG TOU TTUBUEVA, UTTOPET
va 0dnyAoel oe AdBog atmoteAéopaTa. AvTiOTOIXO, OTO YPANMIKO WETACXNMOTIONO, n diadikaoia
EKTIUNONG TNG AVOKAAOTIKOTNTOG Twv Babéwv uddtwv (Ri.) €loayayel peydAn aBeBaidtnra,
€IOIKA OTIG TTEPITITWOEIG OTTOU O€ TTAPAKTIEG TTEPIOXES UTTAPXOUV (WVEG PE XANNAGTEPN avaKAa-
oTikoTnTa/Acukauyela (lower albedo), Adyw évrovng xAwpidag, atrd 611 oTa Babid vepd. ETiong,
N avokAQoTIKOTNTA TwV BaBéwv uddtwv (R;.), METABAAETaI o€ KGBe paopaTikr ¢wvn (blue,
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green) pe Tnv oKEdAON TNG ATHOOPAIPAG (Scattering), evw €IBIKOTEPA N AKTIVOBOAIO TOU PIKOUG
KUpatog Tou “pttAe” (blue band) petaBdAAeTal Kai avaAdywg TG amoppo@nong TNS NAIGKAS
akTIivoBoAiag atod Tnv atuéoaipa.

R*=0,899

y=0.0064-x +

Twiés avardactixétyrag/
arxtvofoinonc/DN-values
Ewcovooroyciov

my

v

B0y XEE (m)

EIK. 6. ZTaTIOTIKI) CUOXETION TIMWV QVOKAQOTIKOTATWY pixels kal dedopévwy Tediou
1l XOPTOYPAPIKWY OEDOUEVWV.

H uéBodog Tou “avadoyikoU ueracynuariouoy” eival ouvaptnan AlyOTEPWY EUTTEIPIKWY TUVTE-
AEOTWV (M, My), CUYKPITIKA PE TOV YPOUMIKO pETAOXNUATIONS TOu (Lyzenga, R.(A), R.(A), ao, &
Kal @), YEYOVOG TToU TNV KAVEl TTI0 “oTaBepry”, Mo “cUKOAN”, Kal EQIKTI) VO £QAPUOCTE OE €va
HEYAAO €UPOG YEWYPAPIKWVY TTEPIOXWV HE DIOPOPETIKI XAwpida Kal €idog TTuBuéva. H pébodog
Tou “ratio transform” amaitei poévo TNV xpAon @acpaTikwy (wvwyv TTou  TTapouaidlouv
OIaQOPETIKN atroppoPnTIKOTATA atmd 10 BaAdocio vepd. Akdua dammoTwlnKe OTI N €v Adyw
HEBODBOG uTTopEl va puBuioTEl pe OXETIKA Aiya BABn, Ta OTToio PTTOPEI va TTPoEPXOoVTal Kal atro
UTTAPXOVTEG OTNV TTEPIOXN VOUTIKOUG XAPTEG.

Emiong, oupgewva pe Toug (Pe'eri S., C. Parrish, C. Azuike, L. Alexander, A. Armstrong,
2014), o avaioyik6g aAydpiBuog ecaywyng pabupetpiag, duvaTtal va xpnoidotroinBei amd Ydpo-
YPOQIKEG YTINEETIESG, TTPOKEIMEVOU OI TEAeUTaieg va dUvavTal va agIOAOYyoUV TnV ETTAPKEIR TWV
BoBupeTpIKWY SEBOUEVWV TTOU ATTEIKOVICOVTAI OTOUG VOUTIKOUG XAPTEG.

MovTéAho “Zwvng Aicioduong” (Depth of Penetration Zone Model)

O Jupp (Jupp, D.L.B., 1988), mpoTeive éva evaAAOKTIKO POVTEAO €§aywyng BabupeTpiag, To
otroio Bacietal otnv TTapadoxr o1l KABe cuxvotnTa akTivOBoAiag dieioduel o SIOPOPETIKO
BaBog aoTov udAaTIVO OYKO, avaAdywg Tou PNKOG KUWATOG TNG. ‘ETol BewpnTikd 10%UEl OTI, yia KAOE
@aopatikr {wvn uttapxel hia wvn/tréxog dicioduong (Zone of Penetration), eviog Tng oTroiag, n
atropgiwon TNG €viaong TnG akTIvoBoAiag Adyw Twv @aivopévwy Tng okédaong Kal Tng
amoppoenong, ammdé Tov OyKo Tou vePOU, eival TTOPATTARCIO/OUOIOYEVAG, HME ATTOTEAECHO N
akTivoBoAia va d1aBAdTal péow NG ev Adyw Jwvng, HEXPIS éva PéyioTo BaBog. Etriong, ue Baon
TNV Bewpnon Tou Jupp n akTivoBoAia (NAIGKO Qwg), duvaTtal va @Bdvel uExpl Tov TTUBPéva va
avakAdTal kal va diadideTal TTpog Triow, dliEpXOPevn TTAAI aTTd TIG TTpoava@epBeioeg “Cuveg
Oigicduong”, kai va avixveletal atrd Tov aiodntipa TnAemokéTNong. Eviog kdBe {wvng dicicdu-
ong, To €KAOTOTE PAKOG KUPATOG TNG QKTIVOBOAIaG, TTapoucidlel pia eAGXIOTn atroueiwon, YE
atroTéAeopa va dieioduel péxpl To PEYIOTO PBABOG autAg Kal va pag didel Tnv KoAUTEPN
(akpiBéaTepn) TTANpo@opia PAGBoug Tou UdATIVOU TTUBPEVA. ZUP@WvA AoITTOV, UE TNV TEXVIKA
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eCaywyng Babupetpiag Tou Jupp, TTpocdlopifovTtal {wveg dicioduong TNG akTivoBoAiag yia KdBe
@aouatikr {wvn Kal 0TV CUVEXEIQ HECA OTNV EKAOTOTE QACHATIK {wvn epapudleTal n egiocwaon
eCaywyng pabupeTpiag:

L =L, _(e—Z-K-z)+ L, - (1_e—2-K-z) (57)
Otrou:

- Ls givai n yerpoupevn otov aicbntrpa (sensor) akTivoBéAnon, Lb gival n aktivoéAnon
TTOU TTPOEPXETal aTTo Tov UdATIvo TTUBuéva (bottom),

- Lw givai n akTivoBéAnon tmou ogeileTal otov uddtivo éyko (water)

-z 710 Bd&B0¢ TOU UdATIVOU TTUBUEVA 1] TO PEYIOTO BABOG diciocduong TNG NAIGKNAG
akTIVOBoAiag o€ KABe Cuwvn.

H egiowon (57) utropei va ypagei kal wg akoAoubwg:

Ls — Lb .e—zAKAz + I—W _ I—W . e_zAK.Z (58)

NoyapiBuifovTtag (YypappIkoTolwvTag) TNV e€icwon (58) TTpoKUTITEL:
In(L,)=In(L, -e2%?)+In(L,)-In(L, -e#*) <> In(L,) = (- 2-K - 2)- In(L, )+ In(L, )~ (- 2- K - 2)-In(L,,)
= (22 ) il )= ) (2K 7)< )=

L))
C2 i)y

MNa va epapuootei n pEBodog Tou Jupp Ba TTpémmel va 1oxuel OTl d) n €§aoBévnon Tng
akTivoBoAiag ouvapTrioel Tou BaBoug gival ekBETIKA ouvaptnon, B) N TOIOTNTA TwV UBATWYV TOU
utté avaiuon éykou Tou vepou dev PeTaBAAAeTal, dnAadr o cuvteAeoTAg €€aocBévnong K eival
o1a0epdg Kal y) 6T N avakAaoTIKOTNTA TWV ICNUATWY Tou uddaTivou TTuBuéva cival otaBepry. Ol
TeEAEUTaiEG BUO (2) TrTapadoxEg atmoTeAoUV Kal TNV aduvapia Tou utTdwn hovTéAou, KaBOooV eviOg
NG EUPUTEPNG BOAAOTIOG TTEPIOXNG TTOU ATTEIKOVICETAI HEOQ O€ Jia dOPUPOpPIKA EiKOva, TOCO Ol
EPouTEG 1010TNTES (IOPS) TOU UBATIVOU PECOU OGO KAl T QACHATIKA XOPAKTNEIOTIKA TwV ICNKA-
TwV Tou TTUBPéva, ouvnBwg peTaBdaAAovtal. MNa va avTIETWITIOTE TO TTAPATTAVW MEIOVEKTNHO
NG €v Adyw peBBGOOU, yiveTal o€ éva apxIkd aTadio opadoTToinan Twv TTEPIOXWYV TToU gu@avi(ouv
TTapouoIag avakAaoTIKOTATAG ICAUATa TTUBUEVA KAl OTNV CUVEXEIA EQAPUOZeTal n TEXVIKA Jupp,
o€ KABe Tagivounuévn KAGCN UTTOTTEPIOXWYV, WOTE TEAIKA AUTH VO £QAPPOLETAI OE UTTOTTEPIOXES
ME opoIoyEVr QUOIKA Kal OTITIKA XapaKTNPIOTIKA. H epappoyr Tou povréAou Tou Jupp diakpiveTtal
o¢ 1pia (3) otddia.

Katd 10 mpwTto oT1ddIo, TTpocdiopileTal To BABog (z) Tng uddrivng PAlag, PEXP! TO OTToio
Oi1e1000el KGBe @acopatiky ¢wvn (Depth of Penetrastion Zone- DOP Zone) 1 pe GAAa Adyia
KaBopiovtal ol {wveg digioduong KABe prikoug KUPATog TNG NAIOKAG akTivoBoAiag. Katd 1o 8eU-
TEPO 0TAdIO, YiveTal TTapePPOAA Twy BabBwv péoa oe kKGBe (wvn dicioduong, v KaTd TO TPITO
oT1adio dievepyeital “puBuion” (calibration) Twv BaBwyv evidg Tou eUpoug KABe {wvng dicicduong.

Mo ouykekpiyéva, oto TTAaioo kKaBopiopolu Twv {wvwyv Bdaboug dicicduong (DOP Zones
Determination) TpocodlopileTal 11010 €ival To PEYIoTO BABog dicioduong og K&Be @aouaTikh {wvn
yia TNV CUYKeEKPIUEVN BaAdoola TTepiox MEAETNG. ZUPewva e Toug (Green E.P., P.J. Mumby,
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A.J. Edwards and C.D. Clark, 2000) (p. 222), Ta péyiota Baén dicioduong avd puAKog KUPOTOG
didovTtal oTov akdAouBo [Mivaka (2):

! 1<2. 2<j. 3<2.4 K 1<K 2<K 3<K 4

Band 4 Band 2

Ehed0epn Emodvers 03atog
DOP Zone 4 =]

EIK. 7. Ta&ivopnon Babwv gikovooToixeiwv ye BAon TNV avokAaoTIKOTNTA TOUG.

Edv n avdAuon a@opd toAugaopaTtikG dopugopikd dedopéva pe N 10 TTARBOG TWwV
QPAOMOTIKWY wvwyv, TOTE N e€icwaon (54) AauPdvel TNV YeVIKA TNG HOP®N Kal EKQPAleTal atrd T
oxéon (60).

N

> in(L,)-3in(L,)

1= ——"T% T (60)
23K i) S, )|
i=1 i=1 i=1
MINAKAZ (2): BdBog Aicioduong avd ®acparikr) Zwvn (Green et al.,2000)
daocuaTtiki Bd6og
Zwvn (A) Aigioduong
(P)
Band 1 (Ay) 25 . (Py)
Band 2 (A,) 15 p. (Py)
Band 3 (Ag) 5) M. (Pg)
Band 4 (A,) 1. (Py)

ZUPOWVa Pe ToV TTapattdvw TTivaka 1o “PTTAE” (Ay) PAKOG KUpaTog dieioduel Péxpl To BaBog
Twv 25 Y., 10 “mpdoivo” (Ay) MAKOG KUpatog @Bdvel péxpl Ta 15 p., 10 “KOKKIVO” (A3) MAKOG
KUMOTOG MEXPI S M., EVW TO “eyyUg uTTEPUBPO” (A4) @BAvEl uOAIG TO 1 ., BAB0OG. Ta TTpoava@epod-

Copyright © 2016 Hellenic Naval Academy

E-34



PART E: Marine Sciences and Naval Operations

Heva BABN EKTINWVTAI WG TTPOCEYYIOTIKA, O£DOUEVOU OTI YIa AKPIBECTEPO TTPOCDIOPIOUS TWV
Cwvwyv digioduong atrairouvTal Kal dedopéva Babwyv TTediou, KABOOOV TA PACHATIKA XAPAKTNPEI-
OTIKA K&Be pixel uddtivng TepIoxnS dlagépouv avaldywg Tng oloTaong Tou TTUBuEva, Twv
EUEUTWV IBIOTATWY TNG UBATIVNG HACag TG aAaTOTATOG KAl TG BEpUOKPaTiag Tou OYKOU TOU Ve-
poU aTTO TOTTO O€ TOTTO. 2Tr CUVEXEIQ, UTTOBIAIPEITAI N TTOPAKTIA TTEPIOXH THG EIKOVAG OE UTTOTTE-
PIOXEG/CWVEG, OTIC OTTOIEG, CUN@WVA PE TO MOVTEAO TOU Jupp, MOVO €va OUYKEKPIMEVO WRAKOG
KUpaToG (Kail OX1 KATTo10 AAAO), BewpnTIKA @BAvEl OTOV TTUBUEVA KA B UTTOTTEPIOXNG KAl AVAKAQ-
Tal ATTO AUTOV Kal AQUBAVETAI KATTOIO CNUa OTNV CUVEXEID ATTO TOV aloBNTAPA TNAETTIOKOTTNONG.

O utroAoyiopég Twv Cwvwy diciocduong (DOP Zones), oUugwva Pe To v AOyw PovTEAO, Oev
atodidel o KGBe pixel TG eikdvag pia povadiaia T BaBoug, aAAd opilel o€ KABE €IKOVOOTOI-
X€io €éva eupog Babwyv, Ta otroia duvartal auTtd va TTapel. MNa Tov TTPOCdIOPICHO TWV dIGPOPWV
Cwvwyv dicioduong akoAouBeital n TTapakdtw pebodoAoyia, n otroia epapudleTal o€ KAOE UTTO-
TTEPIOXN TNG EIKOVAG TTOU TTAPOUCIALEl OJOIOYEVT) PACHATIKA XAPAKTNPIOTIKA TTUBUEVA.

ApPXIKG TTpoodIopideTal N avakAACTIKOTNTA () N akTivoBoAnon-L) TTou AapBdvetal otov aiodn-
Tpa amdé Ta Babid vepd (Li.), kabBdoov n TiuR aAuTth TNG AVOKAAOTIKOTNTOG OUCIACTIKA
QVTITTPOOWTTEUEI TNV OKTIVOBOAIQ TTOU TTPOEPXETAl aTTd TOV OYKO ToU vePoU (OTAAN vepou), TV
akTIvoBoAia TTou o@eiAeTal oTnv avakAaon TNG NAIAKNAS akTIvOBoAiag oTnv emi@aveia TNG 6GAac-
0ag, Kal a1rd TNV aKTIVOPBOAiIa TTou TTPOEPXETAl ATTO TNV CUVEIGPOPA TNS ATHOC@AIPAG. ZuvhBwg,
Ol TTEPIOXEG TwV BaBéwv udATWV emmIAéyovTal o€ BABN dvw Twv 50 p., OTTWG auTd avaypdeovTal
OTOUG VAUTIKOUG XAPTEG TTOU ATTEIKOVICOUV TNV TTEPIOXH £vOIOQEPOVTOG. AVTi TNG AVOKAAOTIKG-
TNTag KABe eikovoaToixeiou (Ry), MTTOPEI va AauBaveTal Kai n TIWA TOU AvTiOTOIXOU Wn@Iakou
apiBuou (DN-value) Tou eKAoTOTE EIKOVOOTOIXEIOU.

2Tn ouvéxela uttoAoyieTal n péon TR TNG avakAAoTIKOTNTAG TWV BaBEWV USATWY (L .mean),
N €AAXIOTN (Liomin) KOI N PEYIOTN (Lismax) VIO KEAOE @aopatiki ¢wvn TNG UTTO PEAETNG EIKOVAG.
MNvwpiCovtag tnv péon TiYR TNG avakAAoTIKOTNTAG TWV BaBéwv UdBATWYV (L .mean), MTTOPEI va
d10pBwBei N dopuopikA €IKOVA, WG TTPOG Tov “BOpuB0” TTOU TTPOKAAEITAI OTO ONa, Ao TNV
emidpaon NG aTHOC@AIPAG, KAl TNV €TTidpacn Tng uddTivng oTHANG.

MapdAAnAa, n pé€yiotn Ty TNG avakAAOTIKOTNTAG aTTo Ta BaABIG VEPA (L .max) XPNOIMOTIOIEITAI
yla va diaxwplotolv ol diagopes (wveg dicioduong (DOP) evidg TNG 6opu@opIKAG eikdvas. ‘ETol
AoITtdv, yia KaBe eikdva TTpoadiopifovTal o€ KABe aopatikh {wvn ol TIuEG Twv DN-value Mean,
Min. DN-value, Max. DN-value, ((Li.mean), (Li.«min), (Li«max)) TTOU JETPOUVTOI TTAVW ATTO Ta BaBIG
VvEPA. 2TnV TIEPITITWON TTou OIaToTWOEl OTI KATTOIO EIKOVOOTOIXEIO TNG €IKOVAG EXEl TIUN
avakAaoTIKOTNTAG A wnelakoUu apiBuou (DN-value) peyaAutepn ammod ekeivn TNG Li.omax, TOTE TO
YEYOVOG auTO onuaivel 0Tl n €Talénon autr oQeiAeTal OTNV TTPOCTIBEPEVN aVAKAQOTIKOTATA TTOU
TTPocdideTal aTTd ToV USATIVO TTUBUEVQ.

EidIkoTEpa, o€ K&Be QacuaTIKO Kavahl (i) TTpoodiopieTal To BaBuTepo onueio (pixel) kK&Be
Cwvng Oigioduaong, dnAadny 1o onueio Tou €xel TNV XaunAotepn T DN-value og kdBe {wvn
(DOP zone), 10 oTT0i0, BeWpPNTIKA, Ba éxel TIUR wneiakoU apiBuol (DN-value) ueyaAutepn atmd
TNV PEYIOTN TIKMA AVAKAQOTIKOTNTOG TwV BaBEWV UBATWYV YIO TO CUYKEKPIMEVO KAVAAI (DN>L . max
N Limax>Liomax). AVAQEPOUEVOI TTAVTA YIO Mid UTTOTTEPIOXN TNG EIKOVOG PE OMOIOYEVEG iCnua
TTUBuEvVa, OnA. e oTaBepr] avakAaoTIKOTATA TTUBUEVA.

O1 péyioteg TIPEG avakAAOTIKOTNTAG (Li.max) OTTO TNV TTEPIOXA Twv BaBéwv uddTtwv TnG
€IKOVaG Pou, o€ KABE QaoPaTIKO KavAaAl, oploBeTouv (opIlovTIoypa@Ikd) TNV EKTOON TNG EKACTOTE
(wvng Oigioduong. MNa Tapdadelyua, €dv otnv “UmAe” @aopatiky {wvn, 0 aqioBnTRpag
TNAETOKOTINONG AauBAvel KATTOI0 OAPa aTTé KATTOIO TTEPIOXN TTOU BpioKeTal OE Wia amméoTacn
X1, a1TO TNV OKTOYPAMUA, Ta pixels Tng otroiag eugavifouv TIPES wn@iakoU aplBuou (DN-value)
MEYOAUTEPEG aTTO TNV PEYIOTN TIMA TNG avAKAAOTIKOTATAG (L1 max) OTNV TTEPIOXA TwV BaBEwv
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uddtwy, TOTE onuaivel o1l AapBdvetal amd Tov OEKTN (a1oBNTAPA) KATTOIQ ETTITTPOCBETN
avakAaoTIKOTNTA, N OTToia TTPoépXeTal atmd Tov TUBPEva TNG TTEPIOXNG. Apa, n TTpWwTn {wvn
Oleicduong @Bavel pExpl TNV atrdéoTAcn X1, OTTO TNV OKTOYPAMMN Kal TrepIAapBavel Ta BEon
TTediou Ta OTToI0 XWPoBeTOUVTAl PéOoA OTO €UPOG TNG TTEPIOXAG QUTAG. To peyaAuTtepo (DOP1)
ato Ta YeTpnBévra BAEOn Tediou, To omroio TrepIAapBAaveTal aTnv CWvn AUTH TTOU ATTEXElI ATTOCTA-
on X1, o6 TNV AKTOYPAUun, TTPocdlopilel Kal TO YEyIoTo BABog TNG TTpwTNG Cwvng (“UTTAE”), TO
OTTOi0 TTPOEPXETAlI aTTd TO MAKOG KUpatog (A= ‘umAe”). To yeyovog autd onuaivel OT1 N
@aopatikr] {wvn Tou UTTAE @AouaTog Katagépvel va dieioduoel Péxpl Tou BdBoug DOPL va
avakAaoTei amd Tov uddTmivo TTuBuéva kal d1adobei oTnv atuéo@aipa Kal va @BAacel oTov
aiocbnTpa TNAETTIOKOTINONG.

AvrtioToixn S10dIKagia TTPAYUATOTIOIEITAI KOl YIO TNV ETTOUEVN QACMATIKA {wvn, £€0TW YA TTa-
padelyua ekeivn Tou “Trpdcivou” @acuatog. EkTipdTal, Katapxadg n PEYIOTN TIMNA TNG AVAKAAOTI-
KOTNTaG (DN-value A L) Twv BaBéwv uddTwv ATOI N Ly .,max- TNV OUVEXEIQ TTPOCOIOPICOVTaI
EIKOVOOTOIXEIO TTANCIOV TNG TTEPIOXNGS TwV BaBéwv uddTwy TTou divouv TIHEG AVAKAAOTIKOTATOG
MEYOAUTEPEG TNG Ly wmax- IapdpOIa, TO eV AOYyw yeEyOvOg onpaivel 6TI 0 aloBnNTAPAG TNAETTIOKOTIN-
ong AauBdvel KATToI0 oA Aatrd KATTOIA TTEPIOXH TTOU BPICKETAI O¢ Wia atrdoTaon Xz X1, ATIO
TNV OKTOYPAMMM, dnAadr 110 KOVTIA OTnV aKTA Kal o€ TTo pnxda udara, Ta pixels Tng otroiag
edoaviCouv TINEG wn@iokoU apiBuou (DN-value) peyaAUTepeg ammd Tnv HEYIOTN TIMA TG
avakAaoTIKOTNTAG (L2 wmax) OTNV TTEPIOXA TWV BaBiéwv uddTtwv. H emmTAéov TTAnpogopia TTou
AapBéveralr ammd Tov OEKTN (AIoBNTAPA) TTPOEPXETAI ATTO TOV TTUBUEVA TNG UTTOWN TTEPIOXAG, N
oTroia opiovTioypa@iK& oploBeTEITAI O ATTOOTACN TTIO KOVTA OTNV akToypauun. OmoTe, n deute-
pn Cwvn dicioduang @BAveEl uEXPI TNV ATTOCTACN X2 (X2.X1), ATTO TNV GKTOYPAUMN KAl TTEPIAQUBA-
VEI Ta BaBN mTediou, Ta oTToia XwpoBeTouvTal YEGa 0TO EUPOG TNG TTEPIOXNG AUTNG. TO PeyaAUTE-
po (DOP2) atrd Ta peTpnBévia BAdn tTediou, TO otToio TrepIAaPBAveTal oTnv deUTEPN AUTA {wvn
TTOU QTTEXEI ATTOOTAON X2, ATIO TV OKTOYPAMMN, TTPOCdIoPIZEl Kal TO PEYIOTO BAGBOG TNG delTEPNG
{wvng, TO OTTOI0 TTPOEPXETAI ATTO TO MAKOG KUPOTOG (A= “mpdoivo”). To yeyovog autd onuaivel
OTI N QACMATIKA {wvn Tou “TTPAcIvou” @ACHATOG KATOPEPVEL va BIEIcdUaEl PEXPI Tou PABoug
DOP2 va avakAaoTei atmd Tov uddTivo TTuBuéva Kal 01ad00si oTnv atndc@aIpa Kal va @BAaceEl
oTov aIoONTAPa TNAETTIOKOTTNONG.

H idia diadikacia akohoubeital Kal yia TIG UTTOAOITTEG PACHATIKEG (WVEG WEXPI APEVOS va
op108eTNBoUV o1 TTEpIoXEG dicioduong, aPeTEPOU va TTPOadIopIoTOUV Ta YEyIoTa BABN diciocduong
o€ KAB¢ TTepIOXN.

Mo ouykekpipéva, kGBe dedouévo Tediou (UdpoypaPnaong) avtioToixietal Ye TNV B€on Tou
avTioToixou gikovoaoTolxeiou (pixel) kar n TIuA Tou PABOUG TOU CUOXETICETAI E TOV AVTIOTOIXO
wnoelako apiBud (DN-value) Tou pixel. H ev Adyw diadikacia yiveral yia k40e @aopaTikr {wvn.
Katrd tnv umown diadikacia avtioToixiong Pabwv mmediou PE TOUG QVTIOTOIXOUG WnN@IAaKoUG
apiBuoug, atraiteital n uttd avadAuon doPUPOPIKN €IKOVA Kal Ta udpoypaPikad dedopéva Trediou
va ava@épovtal aTo id1o yewdaimiké ouoTnua ava@opds. Etriong, ol Tipég Twv BaBwv trediou Ba
TTPETTEl va £Xouv 810pBwBEl wg TTpog TNV 0T1dBun TG BdAacoag (TTaAippola) TToU ETTIKPATOUOE
KOTd TNV wpa AQWng TG €IkOvag. AKoAoUuBwg, utrodiaipeital n uddaTivn TTEPIOXH TNG EIKOVAG O€
UTTOTTEPIOXEG, AVOAOYWS TWV PACHATIKWV XOPAKTNPICTIKWY KABE UTTOTTEPIOXNAG.

Ta dedopéva ediou KatnyoplotroloUvTal ue BAcn TNV TiUR Tou Wn@iakou apiBuou (DN-value)
TTOU QVTIOTOIXEl OTO pixel KABe peTpnBEvTog BABoug (Deidda M., A. Pala, G. Sanna, 2016). Eivai
TTpoPavég 611 600 Ba pelIwveTal TO BABOG TOOO Ba AugdvovTal Ol AVTIOTOIKEG TIMEG TWV WNQIOKWV
apiBpwyv. H péyiotn Tipn avakAaoTIKOTNTAG (L1 .max 1 DN1,0max) TT-X. TNV “pTTAE” Cwovn (band 1),
ota PBabid vepd, ouclaoTiKG diaxwpilel TOUg WNEIOKOUS apIBPoUG TwWV EIKOVOOTOIXEIWV TNG
eikOvag oe TpeIg (3) katnyopieg onueiwv. ‘Hrol, ota onueia Tou avtioToixouv o€ dedouéva
TTEQIOU, TWV OTTOIWV Ol TIHEG TWV WNPIOKWY APIBPWY Eival MIKPOTEPES ATTO TNV L1 omax, KAl AQO-
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pouv o€ onueia peydAou BABoug Kal Pn “opatol” TTUBUEVA, OTA ONUEIN TWY OTTOIWY Ol TIMEG TWV
WNQIOKWY TOUG apIBUWV gival io€g ME TNV L1 .max, KAl QQOPOUV o€ BABN 0TO OpIO TTEPITTOU £VOG
“‘opaTtou” TTUBUEVA KAl OTA ONUEIA Of TIMEG TWV WNQPIAKWY OPIBPWY TOUG TTOU €ival JEYAAUTEPEG
ammd TNV Ly .max TTOU QVTIOTOIXOUV O€ ONUEId TWV OTTOIWV N CuveIoQopd Tou TTuBuéva eival
avixvelaoiun atmoé Tov aiodnTApa TNAETTIOKOTTNONG.

To péyioTo Bdbog (z1) dicioduong yia Tnv Cwvn 1(“utAe” Cwvn), Ba cival N péon TP TTou Ba
TTPOKUWEI ATTO TOV PJECO PO TWV TINWY TWV BABWV TToU TTAPOUCIALOUV TIUEG WNPIAKWY apIOPWYV
i0€G (L1 = L1 smax) N MEYOAUTEPES (L1 > L1 somax) OTTO TNV MEYIOTN TIUA (L1 wmax) OVAKAQOTIKOTATAG,
TNG MEAETOUNEVNG UTTO-TTEPIOXNG, TTAVW aTTd Ta BabId vepd, oTnv “pTTAE” @ACMATIKR {wvn. &
TTEQITITWON TIOU ATTAITEITAl va €TTAUEACOUNE TNV okpiBeia Tou TTPoodlopicuol Tou PaBoug
Oigioduong (z;1) Ba Trpétrel va An@Bouv uttdwn Kai ol TIHES Twv Pabwyv TTediou TTou eival HEYaAU-
TEPEG TOU Z3, AAAG PE TIMA WYNPIOKOU apIBpoU peyaAuTepn TNG L1 wmax, KABWGS Kal Ta BAON YE TIPES
MIKPOTEPEG TOU Z;, GAAG ME TIMA Wn@IakoU aplOuou PIKPOTEPN TNG L1 .max- H TTPOGVOQEPBEiCT
Oladikacia emavaAapBdaveral yia KGBe QaopaTikh {Wvn TTPOKEINEVOU TTPOCOIOPICTOUV TA QVTi-
oToIxa PéyioTa BAtn (z) dicioduong ava kavdaAl, dnAadn Tou Bdaboug TTou divel TTAnpoopia ava-
KAQOTIKOTATOG OTOV AIOBNTAPA TNAETTIOKOTTNONG.

MapeppoAn kai PUBpion Twy Babwyv péca og kade {wvn dicioduong

O1 wnolakég miuéG (DN-values) Twv €IKOVOOTOIXEiwY, yia Tov eKAOTOTE TUTTO ICMOTOG
TTUBuéva, Ba kKupaivovTal atrd pia €AAxIoTn TIMM n oTroia Ba avTIoToIXEl oTnV WECN TIUN Twv
BaBéwv UBATWV (Lixmean) YIO TNV OUYKEKPIMEVN QaOMOTIKY Cwvn (i) Kal o€ pia p€yiotn Trou
QVTITTIPOOWTTEVUEl TV TIUA TOU Wn@IiakoU apiBuou wg va ATav 0 UdATIVOG TTuBpévag oTnv
em@Aavela TNG 6AA000AG (Ljsea), OTTOTE O€ QUTH TNV TTEPITITWON Ogv Ba UTTAPXE £6aoBEévnon Adyw
NG €midpacng Tou uddTivou OyKou. 2Tnv {wvn TTou TTEPIAAUPBAVETAI HETALU TNG ETTIPAVEIAG TNG
BaAacoag kal Tou ekdoToTe BABoug péyioTng dicioduong (z), Tavw atmd OMOIOYEVEG i(nua
TTUBUéva, o0 POVOG TTaPAyovTag TTou dnuioupyei TNV WETABOAR oTnv avakAaoTIKOTNTA (DN-
values) gival To Ba0og (z). H peTaBoAr Tng TIUAG Tou Wn@IakoU aplBuou KABE €IKOVOOTOIXEIOU
gival eKOETIKNAG MOPPAG Kal ETITTPOOBETA pubpideTal Kal atrd £vav TTOPAYOVTa TTOU OXETICETAl PE
TIG eyyeveig 1016TNTeEG (IOPS) Tou uddtivou péoou diddoong, TTou Oev gival AAAOG attd TOV
ouvteAeoT €acBévnong K. ZUP@wva JE Ta TTAPATTAVW, N aKTIVOBOAIQ TTOU TTPOEPXETAI ATTO TO
péyioTo BABog dicioduang KABE Cwvng TTEPIYPAPETAI AVOAUTIKG aTTd TNV akOAoubn egicwon:

I—zl = Ll,oo,mean + (Ll,sea - Ll,oo,mean ) eiz.Kl'Zl (61)
Edv Bewpriooupe, 611 n TpwTn Cwvn digioduong (DOP1) gival n @acuatikh {wvn Tou “pTTAE”
TOTE N TTAPATTAVW OXEON YiveTal:

Lz1 - Ll,oo,mean = (Li,sea — Li,w,mean ) ef2~K1-21 (62)

NoyapiBpifovtag Tnv €€icwaon (62) yia va TNV YPOUUIKOTTOINCOUE, AauBAVOUE :
In(l—z1 - Li,oo,mean ): In(Ll,sea - Li,oo,mean )_ 2- Kl "y (63)
Edav 6€ooupe otnv egiowon (63) émou X, = In(Lzl - Livamean) Kai A = In(LLSea =L mean ) Ba
€XW Hia yPOapUIKNA €Giowan TNG HOPPNG:
Xi=A-2:K;-7 (64)
ME TO Z; va avTiTTpoowTrelel To BABoG¢ dicioduong otnv {wvn 1 (“UTTAE”).

ZUpewva pe Tnv Bswpia Tou Jupp, To BABog dicioduong o¢ pia {wvn z; Ba gival ueyaAluTePO (z;
>Zi+1) ATTO TO BAO0¢ dicioduong TNG €TTOPEVNG MEYAAUTEPOU PAKOUG KUMATOG QPACHATIKAG {Wvng
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Zir1, OTTWG Yia TTAPAdEIYUA I0XUE YIA TIG DIAOOXIKEG PACUATIKEG (WVEG TOU OpaToU QACHUATOG
(A1=blue < A;=green kai z1 piue>Z2,green). Apa, Ba 10XUEI KAT £TTEKTACN OTI

Xl,min =A-2-K;-z7 (65)
Xima = A —2-K; -7, (66)

AQaIpwVTag TIC TTAPATTAVW OXECEIG TIPOKUTITEL
xl,max _xl,min =A-2-K-2,-A+2-K,- 2, & xl,max _xl,min =2-K, ‘(21 _22) (67)

EmAUovTag Tnv mapamdvw eEiowon wg TPog Tov ouvtedeoTr eéacBévnong K
Aaupdvoupe:

Xl,max - X1,min

2 (21 - Zz)
Mpokeluévou va eTTITeuxBouv PeyaAuTepeG akpifeleg e To HovTéAO e€aywyng BaBuueTpiag Tou
Jupp, €ival duvatov va pubuIoTEl auTd, edv dlaTiBevtal peTpnBévTa dedopéva Trediou Ta oTToia Va
TTepIAaPBAvovTal péoa oTIG eKAoToTE (Wveg dicioduong. Me autdv Tov TpdTTO UTTOAOYIfoVTal PE
MeyaAUTepn akpifela To EAdxI0TO Kail To péyioTo BaBog dicioduong og kaBe (wvn (DOP).

K, = (68)

To povtéAo gCaywyng pabupetpiag Tou Jupp cupewva pe Tous (Green E.P., P.J. Mumby,
A.J. Edwards and C.D. Clark, 2000), (ogA. 232) mrapoucialel Tnv peyaAuTepn akpifeia ota
eCaywpeva dedopéva BaBuueTpiag atrd TOUG TTPONYOUUEVOUG EUTTEIPIKOUG aAYyOopiBuoUG.

MovTtéAo 4SM

O AAy6piBuog 4SM, (Self-calibrated Spectral Supervised Shallow-water Modeler), 1 eAAnvIOTI
AuropubBuifouevos @aouarika EmiBAsmouevos AAyopiBuog Pnyxwv Yodrwy eival €EIBIKEUPEVOG
KWOIKAG, O OTI0iog £PapuUOlel apxEG €TECEpyaTiag €IKOVWY, yia eEaywyr) PabBupetpiog ammod
TTOAUQOOUATIKEG €IKOVEG, TTOU CUAAEyovTal ammd ta TTabnTikd cucoTAPaTa aioBntApwyv. AT
TTOAOUG Bewpeital wg n  “davikh  €mAoyR” yia  diaxeipnon TTOAUQACUATIKWY  f/Kal
UTTEPPAOUATIKWY DEDOUEVWYV TNAETTIOKOTINONG.

MNa v puBuIon Tou OTITIKOU povTéAou (AtTTAouoTeupévn E&iowaon Aiddoong tng AkTivoBoAiag
oto Nepd ) Radiative Transfer Equation -RTE), o aAyopiBuog 4SM, xpnolgotrolgi pévo tnv
TTpwTOoYEVN (Un eTTegepyaopévn) “TAnpogopia” (Digital Numbers - DNS). TTou TTpoépyxeTal atmo
EIKOVOOTOIXEIO TNG AKTAG Kal TNG BaAAOOI0G/TTApAKTIaS TTEPIOXAG TTOU QTTEIKOVICETAI OTA UTTO
MEAETN Oedopéva TNAETTIOKOTTNONG, KAl O€ OUVOUQOWO WE TOUG TTIVAKEG TWV OUVTEAEOTWV
E¢aoBévnong Aiaxuong K tou Jerlov’s, e€ayel dedopéva BabuueTpiag Kal oToIXEia TroidTnTag
BoAacaiou TuBpéva. MNa TV e§aywyn amoteAeopdtwy pe xprion tou 4SM, dgv XpPnoIKOTIOI-
ouvtal dedopéva Trediou (field data) 3 dev atraiteital n Xprion QuTWV yia Tn PUBJION Tou
povTéAou Babupuetpiag (RTE), kai emmiong dev atraiteital epapuoyr Tng diadikaciag d16pbwaong
yla Tnv €midpaon NG aTuéo@aipag. QoTO00, OPICUEVOI EPEUVNTEG XPNOIPOTTOIOUV dedopéva
ediou pévo yia éAeyxo Kal eTReRaiwon Twv ammoTeAeopdTwy Tou uTown KWwodlka. O Kwdikag
4ASM Trpokelyévou atmodwaoel KaAuTepa atroteAéopaTa BabuueTtpiog, katd Tnv avaAuon Tou
(water column correction of spectral radiance), atraitei Aq@eIg IKOVWY, KATA TN XPOVIKH TTEPIOdO
TTOU €TMIKPATEN XapNnAr o1dBun BaAdoong (Low Tide View). To amotéAeopa TTOU aTTOdIdElI TO €V
AOyw povtéAo gival To Wnelakd MovTtédo Tou Oalacciou MNuBuéva, ATol TTpoadidel oe KABE “pnxd
OTITIK&” EIKOVOOTOIXEIO TNG EIKOVAG Kal £va BAB0G (z).
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H pebBodoloyia tmou akoAouBeital atrd Tov aAyoplBpuo 4SM opolddel e TNV TEXVIKNA TTOU
avaTTuxenke atmd Toug Malthus and Karpouzli, (2003), n omoia (TexVIK) e€apTdTal TTOAU ato Ta
Oedopéva ediou, aAAd cival TTOAU TTIO EUTTEPIOTATWHEVN OUYKPITIKA, TOOO QVAQOPIKA HE TNV
puBION TOUu OTTIKOU WoviéAou GO0 Kal ava@opikd pe Tnv atraitnon 816pwong Twv
TNAEOKOTTIKWYV dedoPEVWY YIa TRV AAANAETTIOpaon TG atpoceaipag. Etriong, Bewpeital apkeTd
OlapopeTIKN Kal TTOAU TTI0 BeATiwpévn atrd Tnv TexVIKN TNG NOAA’s (Log Ratio Method) Stumpf
and Holdereid, (2003), n otroia rpoava@épinke. H TEXVIKN eEaywyng PABUPETPIAG UE TO HOVTENO
4SM €ival oucolooTIKA eKeivn TTou TTPOTABNKE aTrd Toug (Morel Y.G., L. T. Lindell, 1998), n otroia
XPNOIUOTIOIE TO PABIOPETPIKO HOVTEAD TWV €IKOVOOTOIXEIWV yia To BdBog z=0 m (null depth =
soils line).

Mo ouyKekpIpEva, o oUVEXEID TwV dowV gixav eTTivonBei atmd Toug Lyzenga and Maritorena,
n uéBodog Tou Morel Y., (1998), cival kai autr) pia avaloyikr uéBodog (Ratio Method), pe Baon
TNV oTroia akoAouBoulvTal ol £€1¢ PAong eTTeCepyaciag Twv dOPUPOPIKWY dESOPEVWIV:

(1) ExkmipgdaTal katapxdg n avepxouevn otov alodntipa akTivoBolia armmd ta Babid vepd, ATol
ekTINATAI N L (deep water radiance at TOA).

(2) Z1Tnv ouvéxela, TpoodiopileTal n avepxoupevn akTivoBoAia (radiance) evog “kabapou”
(5nA. xwpic @utokKAAUWN Kal TTETpwMaTa) ecikovooToixeiou (i.e. Clean fine grained
sand/mud on a beach in the image), o¢ k&mola akTr} TNG €IKOvAg, ATOI TTPOCdIoPICETAl N
Lsm-

(3) AkohouBwg, emmIAéyeTal éva o€T PaopuaTikKwy ZuvteAeoTwV e€aoBévnong Adyw didyxuong,
atro pia Tepioyn “kabapwv” Kal opoloyevwy uddTwv (spectral K).

(4) Tivetar xpAion Tng AtrAouoTeupévng Egiowong Metagopds AkTivoBoAiag (Simplified
Radiative Transfer Equation), ye okotmo va TTpoCcdIOPIOTEI N €KOETIKA aTTOPEiWON TNG
Lsm, (okTIVOBOAia TTOU avépxetal atrd 1o €0a@og TNG OKTAG), augavouévou Tou BaBoug
(z) otadiokd atd 10 0 p., yéxpl TNV €EAAEIWN TNG (Lsm,), AOYyw Tou peyaiou BaBoug.

(5) TéAog, dnuioupyolvTtal Ta diodidoTarta diaypdupata (IoToypduuparta-histograms) Twv
avepxopevwy otov aiodntipa (Ls-TOA) ypauMIKOTTOINUEVWY OKTIVOBOAIWY, TTPOKEIUE-
VOu:

a. MNpoadiopioTei-ekTiunBei N diakUuavon/peTaBoAn TG “rpauunc Twv 1Mo PWTEIVWYV
eikovooroixeiwVv’ (spectral Brightest Pixels Line - BPL), kaBéoov n kAion (slope) 1ng
ypappng BPL 100duvapei pe Tov Adyo Ki/K; yia TIg ¢aopaTikéG CUVEG TTOU EGETACOVTAI
(bands i, j).

B.MpoodiopioTei N TTpaAyUATIK TIMA Tou ouvTeAeoTn €gaoBévnong diaxuong K, o
0TT0i0G Ba XpnoIuoTToINBEi 0TNV PEAETOUHEVN TTAPAKTIO TTEPIOXH.

MNa va epapuooTei N ev AOyw TEXVIKN yivovTal o1 €§AG TTapadoxEG:
a. Téoo n uddrivn yafa 600 Kai n aTuéoPaIpa BewpPoUVTal OUOIoYEVA PETa dIadoong.

B. ZTnv utté avaAuaon eikéva TTPETTEI VO UTTAPXEI O€ KATTOIO (£0TW MIKPO) TURAKA TNG
KAAuwn e Babid vepd.

y. Ettiong, mpétrel va uttdpxel kaAuwn atéd otepid (dry land) xwpig @utokdAuywn ) mh
Bpexduevn atrd Ta UdaTa.

To Bd&Bog Tng BAGAaccag o€ [M], cUPPWvVa PE TNV TEXVIKA Tou KwdIka 4SM divetal amd tnv
akoAoubn oxéon :

True_z =bias(offset) + slope- computed _ z(image) (69)
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Ortr0U:

- O 6pog “bias” (aBeBaidTnTa) agopd oTo VOEXONEVO CPAAPA-aBEBAIOTNTA TTOU EUPUAO-
Xwpeital katé Tov TTpocdlopioud Tou pécou Baboug k&Be pixel. MNa Tnv eAaxioToTToInON
TOU TTPOAVAQPEPOUEVOU TTIBavVOU OQAALATOG ouvioTaTdl N XPAon TG QOCHATIKAG {wvng
Tou gyyuUg uttépuBpou (NIR), yia Tov Tpoodiopioud ¢ “Tpauung Eddgpoug”.

- AvrigToixa, o 6pog “slope” (kAion) otnv agopd atov dlopBwTiKG TTapdyovTa (correcting
factor), ye Tov otoio Ba TTPETTEl va TTOAAOTTAQCIAOTEI TO TEAIKO UTTOAOYICOUEVO BABOC,
kaBdoov To evepynTIKO PAKOG KUpaTog (effective wavelenght) dev gival eTTakpIBws yvw-
OTO YIa TIG QACUATIKEG CWVEG | KAl |, WOTE va duvaTal va TTPocdIopIoTEl e akpifeia n @a-
opaTIKA dlakUpavon Tou ouvteAeoTn e€aoBévnong K ouvaptrioel Tou BdBouc. MNa autd
TOoV AdYO, 6Aa Ta uttoAoyiopeva BAadn (computed depths) Tpétrel va TTOAAATTAACIOOTOUV
ME auTtov ToVv O10pBwTIKG TTapdyovTa (slope), xwpic woTdoo va TTPOKAAEITAlI KATTOIO ETTi-
TITWaon, oTnv UTToAoyICOuEVN avakAaoTIKOTNTa Tou BaAacciou TTuBuéva. O ev Adyw diop-
BwTtikdG TTapdyovTag duvartal va TTpocdloploTei atrd dedopéva Tediou i atTd UPICTAE-
VOUG VAUTIKOUG XAPTEG Kal BaBupeTpikd dlaypduuata TnG TepIoxns evolagépovtog. H
KAion 1oouTal pye 1 (slope=1) otnv e€icwaon (65) yia Tnv apxiki 8éon (aktn), (z=0 m (null
depth = soils line)).

KupiwTtepa mTpoBARpaTa Tou povréAdou (Morel, M.Y., 2016) cival 6Tl n akpiBeia Twy e¢aywpe-
vwv Babwv etnppeadletal o€ peydAo Babud amd Tnv évrovn dloKUPAvVON TwWV TIMWVY TNG OKTIVO-
BoAnong (radiance) yeyovog TTou cupBaivel €1I0IKG oTta pnxd vepd. Emiong, Tta dedouéva
OKTIVOBOANONG Ba TTPETTEl va €XOUV TTPO-ETTECEQYQOTEI ATTO TOV TTAPOXO TOUG, TTPOKEIPNEVOU
BeATILWBEI 0 Adyog onuartog/B6puBo (S/N ratio).

TéNoG, o€ OTI apopd Tnv eKBETIKA atropeiwon TG NAIAKNAG akTivoBoAiag ouvapTrioel Tou Ba-
Boug onuelwveTal 6T 600 TTIO “OKOUPOS” @aiveTal O TTUBUEVAS TwV PNXWY UBATWY TOOO KAAUTE-
pa @PaiveTal va AEITOUPYEI TO UTTOWN PJOVTEAO.

AIEONEIZ NMPOAIATPA®EZ YAPOIPA®HZHZ
A THN AZOAAEIA THZ NAYZINAOIAZ

O1 TTpodiaypa@éc  ekTEAEONG PABUMPETPIKWY  OTTOTUTTWOEWY (USPOYPAPHOEWY), EXOUV
kKaBopioTei uttd TNV aryida Tou AieBvoug Ydpoypagikolu Opyaviopou (I.H.O.) kai mrepiypd@ovrai
otnv €101k ékdoon Tou Opyaviopou pe TiTAo “IHO Standards for Hydrographic Surveys-Special
Publication No. 44” (International Hydrographic Organization, 2008). O1 TTpWTEG TTPOCTTABEIEG
Tou Opyaviopou va ouvTaxBouv KATToleg TTpodiaypa@ég AauBavovtal katd tTnv didpkeia Tng 12"
A1gBvoug YOpoypaikng Zuokewng 1o 1957. AkoAouBwg, 10 1962 oxnuaTtioTnke pia opdda epya-
giag amd Tpia (3) kpATN-KEAN Tou OpyaviopoU kKal ouykekpipgéva atréd Tig H.IMLA., Tnv @iAavdia
Kal TNV BpadiAia, pe okoTro TNV TIPOETOINACIA TOU TTPWTOU OXEDIOU €KOOONG TWV TTPOdIAYPAPUV
udpoypdenaong 1o 1968. To 2008 €kddBnke n 5" 'Ekdoon Twv AleBvwyv Mpodiaypaguv, n oTroia
BpiokeTal péxpl onuepa o€ 10X0.

2UPQWVa Pe TIG TTpoavagepBeioeg dieBveic TTPOdIaYyPAPES, O UDPOYPOPIKES EPYATIES KATNYO-
POIOTTOIOUVTAI JE TETOIO TPOTTO, WOTE va duvavTal va agloimroinbouv aTv TrTapaywyr Twv vauTiAia-
KWv xaptwy. Kd&be TapdkTia i TreAdyia repIoxr evOIQQEPOVTOG TAEIVOUEITAI-KATATACOETAI AVA-
Aoya pe 1o evda@Eépov TTou TTapouciddel atrd TTAeUpds ao@AAEIag vauaITTAOITG.
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MINAKAZ (3): MNMpodiaypagég AleBvoug Yopoypagikou Opyaviouou

Karnyopia EidikA Karnyopia | Karnyopia | Karnyopia 2
Ydpoypdenong KaTtnyopia 1a 1B
|'|gp|oxs’;g NIgéveg, NIpéveg, Meploxég ol MeAayieg
Meploxég Mpboyeia OTTOiEG OEV TTEPI- | TTEPIOXEG TTOU
aykupoBoAiag, | Aiuévwy, AapBdvovTai Oev
VOUTIANIGKOI NauTiAlakoi otnv EIdIkA TTePIAaUBAvovTal
diaulol, Cwveg | Aiauhol, Kartnyopia kai otnv EidikA
BaAdoaolag Mpappég Tnv Katnyopia 1 | Kartnyopia, kai
KUKAOQOpIEG vauolitrAoiag, ) TTEPIOXEG PéXPI | oTIG KaTnyopieg
ME ATTAITAOEIS | OPIOUEVEG BdaBoug 200 p. 1 kai 2.
eNayioTou TTOPAKTIEG
BuBioparog TTEPIOXEG ME
Badn péxp!
100 p.
OpidovTioypa@Iiki
AkpiBeia (95% 5y +5%Tou 20 p + 5% ToOU 150 y + 5% ToOU
: 2H Badou Badou Babou
etitedo Epti- S S S
oToouvng)
Axpipela
S10pBwpEVY a=0,25 p. a=0,5 p. a=1,0 . a=1,0 .
BaBwv(95% _ _ _ _
eTrimed0 Epmi- =0,0075 =0,013 =0,023 3=0,023
oToouvng)

100% KdAuyn

ATtraiteitTal og

Evdexopévwg va

: , . QTTQITEITOI O€ Oxi

MuBpeva YTOXPEWTIKA sm)\sstvsg ETMIAEYUEVEG UTTOXPEWTIKA

TTEPIOXEG ;

TTEPIOXEG
|va61-n1-q Na evrotriCov- | Na evrotriCov- | Na evromiovral | Agv UTTAPXEI
EVTOTTICHOU TQl QVTIKETMEVA | TOI QVTIKEWE- | QvTIKEipEva OUYKEKPILEVN
p OYKOU JEYOAU- | va OYKOU - OyKOU PEYOAUTE- | amraiTnon

GUOTI’]!JGTO; TEPOU TOU 1 ya-AUTEPOU pPOU TWV 2 K.J.
bedopévwy K.M. TWV 2 K.J. 05 | o€ BABN péxpl

BaBn péxpl 40 y., N o€ Bdédn

40 p., N ot MeEyaAUTEPQ TWV

Ba0dn peyaAu- | 40 p. va evroTri-

TEPQ Twv 40 CovTal avTIKEipE-

M. VO EVTOTTi- va e 81a0TACEIG

Covtal avtikei- | ioeg pe 10 10%

Meva pe dia- Tou BdBoug.

OTAOEIG i0EG

pe 10 10% TOU

BaBoug.
Méyiotn Aev epappd- | 3 x péoo 3 -4 x yéogo 4 x péoo Basog
EMITPETTOMEVN g?g&(gﬁ“g&?,]'- Btzgcz)g :,]régﬁ 25 Bc’xg%g :,]récﬁ 200 NG TEPIOXNS

p . , | Trepioy TTEPIOY|
amrograon ;'sz§u €TTEIdA amai- Y., oTroladn- J. oTToI0drTTOTE
TWV YPANHWYV Teital 100% TToTE ival pe- | gival ueyaho-
udpoypdpnong KGAugn Tou | yaAuTepn. TepN.
TTUBpéva.
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O1 o “suaioBnTeg” TTEPIOXEG YIA TNV ACPAAELIQ TNG avBpwTTIVNG (WAG KAl TNV TTPOCTACIA TOU
TTePIBAAANOVTOG BewpouvTal Ol TTEPIOXEG TTOU EPTTITITOUV OTNV EIdIk Kartnyopia Ydpoypagriocwy.
TNV KaTtnyopia auTh TTepIAaUBAvVOVTal KUPIWG TTAPAKTIEG TTEPIOXES, MEXP! BABoug 40,00 m TTepi-
TTOU, Ol OTTOIEG EUPAVICOUV “OTITIKA PNXOoUG TTUBUEVES”, OI OTTOIOI AvIXVEUOVTAI aTTO TTOAUQACHATI-
KOUG 1l UTTEPYACUATIKOUG TTaBnTIKoUG aioBnTApes. H Eidikny Karnyopia udpoypa@riocwy Trepl-
AauBdaver TIG auaTnNPEOTEPES ATTAITACEIS AVAPOPIKA PE TNV aKpiBeIa Twv cUAAeyouévwy OTO TTEdIO
BaBwv/dedopévwy (Eikéva 8). ETmiong, onpavtikd evdla@Epov, yia TRV ao@QAAEId TNG vaAuol-
TTAoiaG, @aiveTal va TTapouaidlouv Kal o BaAGCTOIEG/UBATIVEG TTEPIOXEG TTOU TTEPIAAUBAvovTal
oTnVv KaTtnyopia udpoypa®riocwy 71a.

To Kpioiyo peTpoUpevo PEyeBoG gival To BABo¢ (z) TNG BaAdoaiag TTEPIOXNG. ZUPPWVQ HE
TIG TTpodIaypa®ég Tou 1LH.O., n ouvoAikA aBepaidTnTa oTIG HETProelg Tou BaBoug (Total Vertical
Uncertainty-TVU) mpétrel avaAdywg Tou BaBoug va kupaivetal atré 0,253 m — 0,391 m, yia Tnv
Eidikr} katnyopia udpoypagiocwyv kal petacu 0,504 m — 0,721 m, yia TIG KaTnyopieg Ta kai 1b.
O1 uttéyn eAdxioTteg TTpodiaypa@és (minimum standards) &gv gival UTTOXPEWTIKEG YIO TOUG [N
KPATIKOUG POpPEig, OTTWG yIa TTAPADEIYHA TEXVIKEG ETAIPEIESG, ETTIOTNMOVIKOUG QOPEIG 1) AAAOUG 1N
KuBepvNTIKOUG opyaviopoug, woTdoo KAvovTag XpAon auTwyv eEac@aAifeTal n ToToTToinon g
EKTEAEONG TWV BABUPETPIKWY OTTOTUTTWOEWV.
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EIK. 8. Atmaitnon AkpiBeiag ZulAeyopévwy oTo Medio Babwv kata 1.H.O., S-44.

2YMIMEPAZMATA-TNPOTAZEIZ

H egaywyr BaBupetpiag atmmd 1TadnTIkoUG aioBNnTAPES TTAPEXEI APKETA TTAEOVEKTAMATA, T

oTToia ouvowifoTal oTa €ENG:

- TTPOKEITAI IO pia hIKpoU KOOTOUG diadikaaia TTpoadiopiouol Babwy,

- TTOPEXEl TaxEia atrokTNon TwV Babwyv o€ ekTETAPEVEG BAAATOIES TTEPIOKEG,

- Tapéxel v duvatdtnTa €Eaywyng PaBupeTpiog ammd QTTOUENOKPUOUEVEG TTEPIOXEG ME
afabry udta o1 OTToiEG EYKUPOVOUV KIVOUVOUG yIO TNV OAOQAAEId TwV CUUBATIKWY
udPOYPAPIKWY OKAPWV,

- Oev atokAgieTal n duvaTtdTnTa TAgIVOUNONG TWV ICNUaTwy Tou BaAdoaiou TTUBEvVQ,

- TTOOKTITaI VIa via diadikaoia "nmrdevikou TepIBAAAOVTIKOU aTTOTUTTWUOTOT"

ZUPQWVA PE TA TTPOOAVAPEPOPEVA OTTOTEAETHATA ATTO TN XPON TWV aAyopiBuwy BabuueTpiag
JIATTIOTWVETAI OTI gival EQIKTO va ThAeavixveUeTal OTITIKA TTUBPEvaG, pEXPl BaBoug 25-35 p. Ol
BaAdooleg TTEPIOXEG TWV PaBWYV auTwyv euTTiTITOUV OTNV EIdikn Katnyopia kai otnv Katnyopia 1a
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udpoYPAPHOEWY, Ol OTTOIEG ATTAITOUV KAl TIG AuOTNPOTEPES TTPOdIAYPAPEG TUAAOYHG DEDOUEVWIV
Tediou. ZTIG TTEPIOXEG auTES duvaTal va agliotroinBouv dedouéva BabuueTpiag Ta otroia TTPoodi-
opifovTal P TIG BIAPOPES TEXVIKES KAl AAyopiBuoug TNAETTIOKOTTIONG OTTWG TTAPOUCIACTNKAY OTNV
TTapouca peAétn. Oco aufdvel 1o BAbog kai 1dikdTEPA > 25 W., auEdvel avTioToixa Kal N apepai-
otnTa Twv e€ayoduevwy Babwyv TTou uttoAoyifovTal atmd TNV £meEepyacia Twy OOPUPOPIKWY EIKO-
vwv. ETtiong, avTikeipeva 1Tou Bpiokovtal otov BaAdoaoio TTuBuéva, OTTwG yia TTapddelyua vaud-
yia 11 u@alol avaBabuoi (puaoikoi fj TexvnToi, dUvaTal va €VTOTTIOTOUV KAl VO PETPNOOUV PEow
TTOAUQOCUATIKWY i UTTEPQPATUATIKWY EIKOVWY UPNARS S1aKkpIBWTIKAG IKavOTATAG.

EmmpdoBeTa, agifel va onueiwBei, 611 100% kdAuwn Tou BaAdooiou TTUBEva PE TIG OUYXPO-
VEG OUUARTIKEG TEXVIKEG UdPOYPAPNONG, ATTAITEI CUVOUACOHO ueydAou apiBuol udpoypagIKwy
OUCTNPATWY, HEYAAO apIBUO euTTAekOuEVOU  (e€€IBIKEUPEVOU) TTPOCWTTIKOU, OPKETA UWNAS
KOOTOG KIVNTOTTOINONG TWV CUCTANATWY KAl TOU TTPOCWTTIKOU Tou ouvepyeiou Y/T, kal upnAéd
KOOTOG €KTEAEONG TNG epyaaciag TTediou Kai eTeEepyaaiag Twv oUAAeyouEvwy dedouévwv. Me Tn
ouvaTtoTnTa dnuIoupyiag YN@IOKWY JOVTEAWY TOU TTUBUEVA HECW TWV OEOOPEVWV TNAETTIOKOTTN-
ong IkavoTrolgital n TTpodiaypaer Tou 1.H.O. (Mv.(3)), TTou agopd TNV 100% KaAuywn Tou BaAdo-
olou TuBuéva. Etriong, n €€ENIEN Twv TNAEOKOTTIKWY dedopévv, TOOO avapopIKG PE TN XWPIKN
OIAKPITIK TOUG IKavOTNTA, 600 KAl JE TNV PABIOUETPIKN TOUG avaAuon, emaufdvouv Tnv akpieia
TWV §ayduevwY BaBUUETPIKWY dedoUEVWY PE ATTOTEAEOUA OTAdIOKE va dUvavTal va agloTTolouv-
Tl OAO KaIl TTEPICTOTEPO OE EQAPHOYEG TTOU ATTTOVTAI TG ACQAAEIAg TNG vauaoITrAociag. MNa Toug
Aoyoug autoug, ekTiydral Ot aidel va yivel TTepaItépw £peuva Kal agloAdynon Twv Yyneliakwy
HovTEAWV TTUBUEVA TTOU dnpiIoupyouvTal atrd dedopéva TNAETTIOKOTTNONG KAl GUYKPICH TOUG HE
TA AvTioTOIXO WN@IaKA POoVTEAD BA@ouUg TTou Ba dnuioupynBoulv atrd dedouéva udpoypdenong
(Trediou A VAUTIKWV XOPTWY).
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Abstract. This paper examines the evolution of navigation from antiquity up to date in the
light of maritime safety and technology advances. Starting from the first navigational
instruments, methods, and tools used for discovering the world, conquering new territories
and exploiting the natural resources of both sea and land, the paper deepens in an
analysis of the primary navigation safety concern issues that have been arisen in every
era and the relevant solutions given in every case. Through this transit, the technological
development of safe navigation tools and methods is highlighted, rendering possible for
the reader to understand the foundation of modern satellite and electronic navigation. In
this sense, the paper presents in a vivid way the latest developments in contemporary
electronic navigation, concluding with a brief presentation of its prospects. It is worth to
mention that all the efforts of the technological development have always been
concentrating on resolving the issue exact time, both in classical and modern satellite /
electronic navigation. This issue still remains considerable and not totally resolved since it
has to do with achieving positioning precision at all times and circumstances.

Keywords: Classical Navigation, Electronic Navigation, Safety, Global Positioning
System (GPS), Electronic Charts Display and Information Systems (ECDIS), Integrated
Bridge Systems (IBS)

Introduction

Marine Navigation is the science of directing a vessel way to the desired destination by
determining its position, course, and distance traveled. The first mariners who started their
voyages at seas to explore new territories, gradually developed systematic methods of
observing and recording their location as well as the distances and directions they traveled, by
calculating the currents of wind and water, and potential hazards they encountered.
Gradually, collision avoidance at sea became a concern, while modern navigation at sea has
principally to do with a globally integrated transportation system. In this system each voyage
from start to finish is concerned with core objectives, namely keeping the course, avoiding
collisions, reducing fuel consumption, and conforming to the determined schedule. [1] So,
obviously, marine navigation blends both science and art. Methods of navigation have changed
throughout history, and the navigator must be the best ones to use. Among the main types of
navigation we can list the following ones:
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e Dead reckoning (DR), which determines position by advancing a known position for
courses and distances. Correcting the DR position for true course diversion, current
effects, and steering errors, results in an estimated position (EP),

e Piloting, which involves navigating in restricted waters nearby geographic and
hydrographic features,

e Celestial navigation, which involves celestial measurements taken with a sextant,
depicted after that in lines of position using almanac, nautical tables, calculators or even
computer programs, or by hand with almanacs,

e Radio navigation, which uses radio waves to determine position with the aid of electronic
devices. It is the application of radio frequencies to determine a position on the Earth.

e Radar navigation, which uses radar to determine the distance and bearing of objects
whose position is known, and

e Satellite navigation, which uses radio signals from satellites for determining position. [2]

One could arguably state that radio, radar and satellite navigation constitute a broader
category under the title "electronic navigation." Also, nowadays we could add one more type,
to which the authors of this paper may attribute the title modern electronic navigation. This
type, which is characteristic of the contemporary technological achievements in navigation, is
depended on electronic charts, related systems and integrated bridge concepts, commonly used
as driving navigation system planning. With the advent of automated position fixing and
electronic charts, modern navigation is almost entirely an electronic process. The mariner is
constantly tempted to rely exclusively on electronic systems. Nevertheless, electronic navigation
systems are always subject to defects, therefore the navigator must never forget that the safety
of his ship might rely on skills related to classical navigation methods and types

Therefore, it is worth to examine how the methods and instruments of safe navigation have
been developed throughout history and up to date so that the reader can realize the grandiosity
of this form of combined art and science, which has made and continues to make our world
more globalized and interconnected. In that perspective, the aim of this paper is to highlight,
from a historical and maritime science point of view, the technological development of safe
navigation, giving a chance to marine scientists and practitioners to obtain a comprehensive
picture of the origins and evolution of modern navigation in the light of sea safety transit.

The Historical Route of Classical Navigation

1. The first steps up to 15" Century

It is commonly known that in the history of seamanship, the art of directing vessels upon the
open sea have been traditionally taken place through the determination of its position and
course using traditional practical methods, geometry, astronomy, or specific instruments. Great
examples were the sailors who navigated in the Mediterranean, such as the Minoans of Crete.
Minoans had been using several techniques to define their location; including maintain sight of
land and understanding the tendencies of the winds as well as implementing the first forms of
celestial navigation by knowing the position of particular stars. This constitutes an example of
an early Western civilization that used celestial navigation, using the positions of particular stars.
[3] In this context, written records of navigation using stars go back to Homer’s Odyssey [4] or
to the era of the voyage of the Greek navigator Pytheas of Massalia [5], or even to Nearchos's
famous voyage from India to Susa and the missions of the Greek navigator Eudoxus. [6]

Moreover, the Phoenicians and their successors, the Carthaginians, were especially skilled
sailors. [7] On the other hand, the Arab civilization significantly contributed to navigation with its
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trade networks. That network would extent from the Atlantic Ocean through the Mediterranean
Seato the Indian Ocean and China Sea. [8] In addition, in China between 1040 and 1117,
the magnetic compass was being developed and applied to navigation. [9] Nevertheless, the
true mariner's compass started to be implemented in Europe no later than 1300. [10]

Also, nautical charts and relevant descriptive texts, known as sailing directions, have been in
use since the 6™ century BC, while nautical charts using stereographic and orthographic
projections date back to the second century BC. [11] Nautical charts called Portolan Charts
began to appear in Italy at the end of the 13th century. [12]

In general, in that period, the development of better navigational tools was a result of the
advancement of commerce and trade.

2. 15M—17" century

The commercial activities of Portugal between 15" and 16th century marked a milestone of
significant progress in practical navigation. [13] Portuguese navigators made a distinct progress
in oceanic navigation through the Atlantic, the Indian and the western Pacific oceans. [14] In the
15th and 16th centuries, the Crown of Spain followed in parallel the Portuguese global
exploration. [15] Watching the Sun and stars, mariners began using special instruments to find
latitude at sea. Trying to achieve that, they relied on the Sun and stars to tell time and determine
their place on the open ocean. So, they managed to use angle-measuring instruments, which
had become increasingly accurate by the end of the 1400s. [16]

Some of the early instruments for determining latitude were the cross-staff, the astrolabe, and
the quadrant (see Figures 1,2,3 respectively). Moreover, the compass, the cross-staff or the
astrolabe as well as rudimentary nautical charts were at the disposal of a navigator at the time
of Christopher Columbus. These resources improved the ability of a navigator at sea to make an
assessment upon his latitude. [17].

\N1Y;
N7/
- "',/

Figure 1: The cross-staff (14" century)
was an ancient precursor to the marine sextant

Source: Canadian Museum of History, available at http://www.historymuseum.ca/cmc/exhibitions/hist/,
(accessed: 01 June 2017)
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Figure 2: An astrolabe made in Paris (1400) Figure 3: A Seaman's Quadrant (1400)
Source: https://en.wikipedia.org/wiki/Astrolabe, Source: Penobscot Marine Museum, available at
(accessed: 20 May 2017) http://www.penobscotmarinemuseum.org,

(accessed: 20 May 2017)

Simple navigation methods and instruments served European navigators for centuries.
Starting at a known position, the navigator could track the ship’s compass heading and the
ship’s speed as well as the time spent on each heading and speed. Then, having determined
those elements, the navigator could calculate the route and distance the ship had covered,
plotting them on a sea chart. This method was called dead reckoning. In this process, one of
the first navigational tools, the mariner’s compass - an early form of the magnetic compass -
was necessary. [18] A typical compass of the 16" century consisted of a large magnetized
needle, connected to the underside of a circular card (compass card) on which the several
directions were drawn (see Figure 4). [19].

Figure 4: Dry Card Box Compass (16" century)
Source: Penobscot Marine Museum, available at
http://www.penobscotmarinemuseum.org,
(accessed: 20 May 2017)

In 1577, a more developed technique was invented: the chib log, registered as patent in 1578.
[20] Progressively, through the Middle Ages, continuous accumulation of navigational data, led to
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increased production of navigational info volumes, approached using mathematical tools and
heading to a new scientific discipline: “theoretical or scientific navigation”. [21]

In the late 16th century, Gerardus Mercator made significant improvements to nautical charts
(see Figure 5) with the first accurate representation of the spherical earth surface, namely the
Mercator Projection. That was of great value to navigators because a compass bearing could
be shown as a straight line, but the problem of determining longitude delayed the use of these
charts for almost seventy years after they were introduced. In 1701, charts of magnetic
variation were available, making the magnetic compass a valuable navigational tool. [22]
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Figure 5: An early years’ (late 16™ century) Mercator Projection map
Source: https://www.britannica.com/science/world-map/images-videos, (accessed: 19 April 2017)

Another milestone in the history of classical navigation took place in 1637, when Richard
Norwood, using a specially built astronomical sextant, measured the length of a nautical mile
with chains. His result of 2,040 yards was very close to the modern International System of
Units (SI) definition of 2,025.372 yards. [23] Furthermore, in 1671, the first of four volumes
of The English Pilot appeared, covering mostly Europe, the Far East, and North America. A few
years later, in 1675, the Royal Observatory was established at Greenwich, while in 1688 the
patent log was invented, in which a vaned rotor was towed from the stern, and its revolutions
were counted on a register. [24] One year later, in 1669 at Paris, the Connaissance des temps,
the first national almanac was founded. [25]

3. 18™ — 19" Century: Dealing with accuracy and safety concerns and the problem of
determining longitude

18™ century constituted a revolutionary era within navigation history. Around 1730, the octant
(see Figure 6) was independently invented in England and the US. [26] In addition, in that
century the sextant was invented (see Figure 7). This instrument replaced the Davis quadrant
and the octant as the main instrument for navigation. The sextant provided mariners with a more
accurate means of determining the angle between the horizon and the Sun, moon, or stars to
calculate latitude, but it also helped for the lunar distance method to be applied. With the latter,
navigators could find their longitude more accurately. [27]
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Figure 6: An Octant about 1730 Figure 7: A Sextant of 18" century

Source: Smithsonian National Air and Space Museum, Time and Navigation, available at
https://timeandnavigation.si.edu/multimedia-asset/sextant, (accessed: 15 March 2017)

In 1700, Europe’s mariners and chart makers knew only about half the Earth’s surface. On
the open sea, sailors relied on dead reckoning, making estimations of a new position based on
knowing a ship’s last position, direction and speed. This method, however, over long distances,
it was subject to ever-increasing errors. Finding latitude became easier with the invention of
angle-finding instruments as mentioned above, but finding longitude remained difficult until a
marine-type clock was perfected. The wreck of the Arniston proved the importance of measuring
time with precision, thus finding longitude - especially in confined waters - leading gradually to
the establishment of a maritime chronometer aboard every ship. [28]

In further detail, European governments offered big prizes to solve the longitude problem,
because at the time no clock could keep better time than within about 15 minutes a day. In
pursuit of a seaworthy clock, after the conception of a Galileo’s idea, Christiaan Huygens, a
mathematician from the Netherlands, patented the first working pendulum clock in 1656 (see
figure 8) and later devised a watch regulator called a balance spring. [29] But several sea trials
demonstrated to Huygens that the pendulum clock would never work accurately on a heaving
ship’s deck. [30] In 1714, Britain’s Parliament, in the quest of solving the problem of finding
longitude at sea, passed the Longitude Act, offering a huge price to the person who could have
accomplished that. [31]

Under this motive, John Harrison, an English carpenter, in 1735, completed a clock based on
a pair of counter-oscillating weighted beams connected by springs. The motion of its clock was
not influenced by gravity or the motion of the ship. Gradually, he managed to solve precision
issues that had been arisen until he perfected his work in 1761. In 1767, the Board of
Longitude published his work under the title “The Principles of Mr. Harrison's time-keeper’. [32]

Marine chronometer (see figure 9) production was almost totally established in the late 18th
century, and finally, a fairly accurate determination of longitude was accomplished. [33] Its
modus operandi, in order to find longitude at sea, was rather simple: A chronometer was set to
the time of a location of known longitude, i.e. Greenwich, England. Because one hour of
difference in time equals 15 degrees difference in longitude, the difference in time between the
chronometer and local time would bring in local longitude. [34]
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Figure 8: Dutch Table Clock with Pendulum about 1656 [35]

Source: Smithsonian National Air and Space Museum, Time and
Navigation, available at https://timeandnavigation.si.edu/navigating-at-sea,
(accessed: 15 March 2017)

Figure 9: Chronometer movement, made by John Roger
Arnold about 1825 [36]

Source: Smithsonian National Air and Space Museum, Time and
Navigation, available at https://timeandnavigation.si.edu/navigating-
at-sea, (accessed: 15 March 2017)

With the sextant for determining latitude and the chronometer for determining longitude,
sailors by the 1800s were capable of navigating the high seas with better precision. Moreover,
nautical editions came up, mainly by Great Britain and the USA, such as the annual Nautical
Almanac, which was inaugurated in 1766 and the New American Practical Navigator, which has
served American sailors since 1802. [37] The latter, known as Bowditch’s Navigation for its first
writer, Nathaniel Bowditch, it still remains a useful handbook and essential navigation guide for
astronomical tables, meteorological information as well as navigational instructions and
methods(see Figure 10).

Furthermore, the celestial line of position concept came up in 1837 [38], while in the 19th
century the modern intercept method started to be applied. With this method the navigator can
calculate the body height and azimuth for a convenient trial position and then to compare them
with the observed height, finding at the end the difference in arc minutes. This difference is the
nautical mile “intercept” distance, which is needed by the position line so that the latter can be
shifted toward or away from the direction of the body's subpoint. Two other methods of reducing
sights are the longitude by chronometer and the ex-meridian method. [39].

Better mapping and charting was one more issue of safety concern. On that purpose, the
United States dispatched an ambitious mission to uncharted oceans under the command of Lt
Charles Wilkes. [40] Wilkes and his crew made the most of the accuracy of their navigational
instruments. Their observations resulted in some of the most accurate charts and maps of the
time. [41] In addition, in 1884, it was decided by international agreement, that the meridian of
Greenwich-England would be the Prime Meridian (0°). [42] Later on, the radio receiver would
provide a continuously updated time signal from this Meridian. [43].
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Figure 10: The New American Practical Navigator (1802)

Source: Smithsonian National Air and Space Museum, Time and Navigation, available at
https:/timeandnavigation.si.edu/navigating-at-sea, (accessed: 15 March 2017)

Heading for the future:
The recent history of electronic navigation

4, 20" Century: Using radio waves and gyroscopic compasses on ships and
establishing radio, radar and satellite navigation

The 20" century had probably witnessed the greatest advances ever in navigation tools. The
impetus for these developments was no longer trade and exploration, but for use in military
operations. However, many of these instruments and technologies have been adapted for
civilian purpose use.

It was in 1891 that radios in the form of wireless telegraphs made their first appearance on
ships at sea. [44] By 1904 time signals were being sent to ships to allow navigators to check
their chronometers. The U.S. Navy Hydrographic Office was transmitting navigational warnings
to vessels at sea by 1907. [45] Among the later developments one might mention the placing
of lighthouses and buoys close to shore to clarify ambiguous features, highlight hazards and
point out safe navigation channels for ships. At the same time, Elmer Sperry introduced the first
gyroscopic compass (or gyrocompass) which points the true north rather than the magnetic
north, being unaffected by variation or deviation. The significant advantage of gyrocompasses
over magnetic compasses is that they find true north as determined by Earth's rotation, which is
different from, and navigationally more useful than, magnetic north. [46]

1921 saw the installation of the first radio beacon. [47] The British physicist Robert Watson-
Watt produced the first practical radar (RAdio Detection And Ranging) system in 1935, while in
1940 Alfred L. Loomis conceived the idea for an electronic hyperbolic air navigation system
which was later developed into LORAN (Long Range Navigation System). [48]
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After WWII, it was the time for satellite navigation to be boosted, in the context of the Cold
War antagonism between the US and Soviet Union. Launching Sputnik, the world's first artificial
satellite by the Soviets in 1957 as well as placing TRANSIT satellite navigation system in polar
orbit by the Americans in 1960, constitute the first milestones of that huge progress of
navigation. [49]

GPS (Global Positioning System), initiated in 1973, operated and maintained by the U.S.
Department of Defense until nowadays. [50] Similarly, Russian GLONASS system began to be
operational in 1982. The European Space Agency expected to have its Galileo system with 30
satellites in place when fully operational; however, there is some extra work to be done to reach
full operational ability. [51]

Further down, we are going to examine in more depth the development of radio and satellite
navigation.

a. Development of Radio Navigation

The first application of electronics to navigation was in 1865, which involved sending
telegraphic time signals to check chronometer error. Later on, in 1904 radio time signals were
transmitted for the chronometer. Radio broadcast, providing navigational warnings, begun in
1907 by the U.S. Navy Hydrographic Office, something that helped increase the safety of
navigation at sea. [52]

The first system of radio navigation was the Radio Direction Finder (RDF). By tuning in
a radio station and the use of a directional antenna, the direction to the broadcasting antenna
could be determined. A second measurement using another station was taken after that, and,
finally, by the use of triangulation, the two directions could be plotted on a map where
their intersection defined the position of the navigator. [53] The first radio beacon was installed
in 1921. Early 20th century led to the U.S. Navy’s development of the first echo sounder in
1922.

Following the development of radio beacons, various hyperbolic systems have been
developed, being the ancestors of satellite navigation. These systems were introduced during
WWII and remained the main long-range advanced navigation systems until GPS ‘replaced’
them, or better, supplemented them, in the 1990s. Hyperbolic navigation systems are in fact a
modified form of transponders. Instead of producing a single distance or angle they indicate a
location along any number of hyperbolic lines in space. Two such measurements produce a fix,
indicating the position of the vessel. The parallel use of those systems along with certain
navigational charts finally eliminated the need for manual triangulation. [54] The first hyperbolic
system to be developed was the British Gee system. [55]

Decca Navigator was another British system from the same era was (see Figures 11,12).
Decca differed from Gee. Its signals were not transmitted pulses which were delayed in time, as
in the case of Gee, but continuous signals which were delayed in phase. Time difference
information returned by the phase comparison of the two signals returned. This was far easier to
display than in the case of Gee. [56]

In their turn, based on the same principles, the US directed their effort to a much longer-
range system which used lower frequencies. That system was named LORAN (LOng-range Aid
to Navigation) and it allowed greater coverage across the Atlantic Ocean. The disadvantage
was that accuracy was greatly reduced compared to the high-frequency systems. LORAN used
pulsed radio signals transmitted from a master and a slave station. These signals were received
onboard and recorded as waves on the display unit of a cathode-ray tube. The distance
between the receiving waves corresponded to the time-difference between the arrivals of the
signals from the two aforementioned stations and it was represented by a curve (hyperbola). In
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order to produce a position (fix) that process needed to be performed by another set of
transmitting stations. The position of the vessel was situated at the intersection of the two
produced curves (Loran Lines of Position). The accuracy of LORAN system varied between a

few hundred meters and a few kilometers. [57]

Figure 11: Decca Receiver (50s-60s) Figure 12: Decca Receiver (70s-80s)

Source: Pallikaris A., Katsoulis G., Historical Evolution and Prospects of Electronic Navigation (in
Greek), Nausivios Chora, Volume 2, Hellenic Naval Academy, Piraeus, 2008, ISSN: 1791-4469

Figure 13: Loran-A receiver (50s-60s) Figure 14: Loran-C receiver (80s-90s)
Source: Pallikaris A., Katsoulis G., Historical Evolution and Prospects of Electronic Navigation (in Greek),
Nausivios Chora, Volume 2, Hellenic Naval Academy, Piraeus, 2008, ISSN: 1791-4469

In this context, Loran A (see Figure 13) was developed as a long-range marine navigation
system. This was replaced by the more accurate Loran C system [58], deployed throughout
much of the world. LORAN-C (see Figure 14) was fairly complex to use, requiring a room of
equipment to pull out the different signals. LORAN-C was the most popular navigation system in
use through the 1980s and 90s. Moreover, various short range and regional hyperbolic systems

have been developed by private industry for hydrographic surveying, offshore facilities
positioning, and general navigation.
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Similar to LORAN hyperbolic systems followed by both the US and the USSR, namely the US
global-wide VLF/Omega Navigation System (see Figure 15), and the Soviet Alpha system. The
operating concept of these relied on the determination of pulse timing not by comparison of two
signals, but by comparison of a single signal with a local atomic clock. Nevertheless, Omega
system was shut down in 1997 when the US military had already turned towards GPS. [59].

Figure 15: Omega Navigation Satellite System (70s-80s)
Source: Pallikaris A., Katsoulis G., Historical Evolution and Prospects of Electronic Navigation (in Greek),
Nausivios Chora, Volume 2, Hellenic Naval Academy, Piraeus, 2008, ISSN: 1791-4469

b. Development of Radar Navigation and Radio Transponders:

In 1935 the British had already begun work on radar. [60] In 1937 the US introduced the first
sea-going radar. However, the foundation of the principle of the multicavity magnetron belongs
to the British, developed by J. T. Randall and H. A. H. Boot at the University of Birmingham in
1939. In 1945, and after a very successful use by the British and Americans during WWII, radar
became available for commercial use. The basic principle of radar function is simple; transmitter
periodically sends out a short pulse of a radio signal using a broadcast antenna. When the
signal reflects off a target, a part of that signal is reflected back in the direction of the
transmitting station. The received signal has to be powerfully amplified in order to be used since
it constitutes is a small fraction of the broadcast power. After amplification, the signal may be
displayed on the operator’s video-display unit. [61]

After years of evolution, modern marine and aviation radar systems can provide nowadays
very useful navigation information, starting from the most essential; taking only distances and
angular bearings to charted objects and use these to establish arcs of position and lines of
position on a chart. Moreover, using Parallel indexing technique, safe navigation and hazard’s
avoidance can be enhanced. [62] From the time radar was first introduced to our time, the way
in which radar picture is presented has changed considerably since we’ve moved from cathode
ray tube screens to raster-scan displays. [63]

Further evolving the navigation radar, the automatic radar plotting aid (ARPA) capability
has come up (see Figure 16) thanks to the availability of low-cost microprocessors and the
development of advanced computer technology during the 1970s and 1980s. [64] ARPAs are
computer assisted radar data processing systems. These systems generate predictive vectors
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and other ship movement information, creating tracks using radar contacts. The system has the
capability to calculate the tracked object's course, speed and closest point of approach (CPA).
In other words it can identify a potential risk of collision with another ship or landmass. [65]
Consequently, the main advantages of ARPA are a reduction in the workload of the bridge team
and more integrated and quicker information on selected targets.

N ‘. - : ’ . :
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Figure 16: A typical shipboard radar system with ARPA Display of 20"-21% century
Source: https://en.wikipedia.org/wiki/Automatic_radar_plotting_aid, (accessed: 12 May 2017)

The International Maritime Organization (IMO) has instituted certain standards amending the
International Convention for the Safety of Life at Sea (SOLAS) requirements regarding the use
of suitable Automated Radar Plotting Aids.

The Radio Transponder appeared soon after the introduction of radar. Radio Transponders
are a combination of receiver and transmitter devices whose operation is fully automated. Upon
reception of a particular signal, normally a pulse on a particular frequency, the transponder
transmits a pulse in response, with a certain short time delay. [66] The use of radio
transponders is essential in Global Maritime Distress and Safety System (GMDSS). IMO has set
out the institutional framework of the GMDSS to provide the communication support needed to
implement search and rescue plans. This system, which all almost maritime nations-states have
been implementing since its institution, is based on a combination of satellite and terrestrial
radio services. GMDSS has changed the modus operandi of international distress
communications, from being primarily ship-to-ship based to ship-to-shore (Rescue Coordination
Center) based. [67]

The main types of radio transponder equipment used in GMDSS [68] have as follows:

(i) Emergency Position-Indicating Radio Beacons (EPIRBs): These automatic-activating
devices (see Figure 17) are in use under the function of Cospas-Sarsat, an international
satellite-based search and rescue system, established by Canada, France, the US, and Russia.
EPIRBs, now required on SOLAS ships, commercial fishing vessels, and all passenger ships.
[69]
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(ii) Search and Rescue Transponders (SARTs): The GMDSS installation on ships
includes one (two on vessels over 500 GT) Search and Rescue Locating device(s) called
Search and Rescue Radar Transponders (SART) (see Figure 18) which are used to locate
survival craft or distressed vessels. This is taking place by creating a series of twelve dots on a
rescuing ship's radar display. The detection range between these devices and ships is
dependent upon the height of the ship's radar mast and the height of the Search and Rescue
Locating device. It is normally about 15 km (8 nautical miles). Once detected by radar, SARTs
will produce a visual and aural indication to the persons in distress. [70]

Figure 17: EPIRB Device

Source: https://www.egmdss.com/gmdss-
courses/mod/resource/view.php?id=885,
(accessed: 15 June 2017)

Figure 18: SART Device and Radar Video Image

Source: Pallikaris A., Katsoulis G. and Dalaklis D., Navigation Electronic Instruments and Electronic
Chart Display Information Systems, 2" edition, Eugenides Foundation, Athens, 2016

c. Development of Satellite Navigation

A satellite navigation or satnav system is a system of orbiting satellites which provide
autonomous geo-spatial positioning with global coverage. It allows electronic related receivers
to determine their position (longitude, latitude, and altitude/elevation) very accurately (within a
few meters) using time signals transmitted along a line of sight by satellites’ radio waves. This is
done by the capability given to the receiver to calculate the current local time to high precision,
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allowing time synchronization. A satellite navigation system with global coverage may be termed
a “Global Navigation Satellite System (GNSS)”. [71]

Plans to navigate from space were inspired by the possibility of traveling in space. In the
quest of various innovators to see whether radio transmissions from orbiting satellites could be
used to determine positions on Earth, they finally ended up with the conclusion that time from
precise satellite-fitted clocks, transmitted by radio signals could, in fact, determine position. The
US military, after the combination and integration of several systems into one, created the
Global Positioning System (GPS). Manufactured consecutively by Rockwell International (1974-
1986) and by Lockheed Martin (1990s-thereafter), more than 30 GPS satellites were operational
after 2010. [72] Its early predecessors, as mentioned before, were the ground based DECCA,
LORAN, GEE and Omega radio navigation systems.

Nevertheless, the direct ancestor of satellite navigation had been the Inertial Navigation. An
Inertial Navigation System (INS) uses motion and rotation sensors along with a computer to
figure out the position, direction, and speed of a vehicle’s movement either on air, sea or land
without using the stars or other outside visual references. [73]

However, the concept for the first space-based navigation system was born in 1957 in the
USA, and by 1964, the US Navy was using radio signals from its own satellites under Transit
system (see Figure 19) to navigate submarines and surface vessels. In that sense, Transit
satellites are considered to be the first working system of satellite navigation. Nevertheless,
Transit satellites were not designed to provide accurate time. But they did carry ultra-precise
quartz oscillators to control their radio frequencies. [74]

Figure 19: TRANSIT System’s Components (1964)
Source: Smithsonian National Air and Space Museum, Time and Navigation, available at
https://timeandnavigation.si.edu/satellite-navigation, (accessed: 15 March 2017)

Transit's operation was based on the Doppler Effect. The satellites traveled on known paths
and broadcast their signals on known frequencies. The received frequency was slightly different
than the broadcast frequency. This was happening because of the relative movement of the
satellite with respect to the receiver. By tracking this frequency shift over a short time interval,
the receiver could determine its location to one side or the other of the satellite. Several such
measurements combined with the knowledge of the satellite's orbit could fix a particular position.
[75]

However, during the Cold War, U.S. defense planners were in the quest of a global
navigation system that would be more accurate than the Navy’s Transit system. In this context,
the Naval Research Laboratory in the 1970s launched the TIMATION Program, inventing new
navigation technigues based on the function of atomic clocks in space. Such a technique was
implemented in 1977 under the conception of “Navigation Technology Satellite 2 (NTS-2)". Two
cesium atomic clocks on board of those pioneer satellites linked satellite navigation to precise
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timing, thus making a breakthrough in navigation methods. Progressively, in 1973, the Defense
Department combined its competing satellite navigation systems, coming finally up in 1974 with
a program under the Air Force, which was called the NAVSTAR Global Positioning System,
or GPS. [76] GPS introduced synchronized time from space, accomplished by onboard atomic
clocks. As designs evolved, positioning and navigation accuracy gradually improved to a higher
degree. GPS works in general as follows:

(i) Firstly, tracking stations use radio signals to determine orbits of GPS satellites and in
their turn command centers transmit orbital data, time corrections, and location of other
satellites in the GPS constellation.

(i) Then, the GPS satellites simultaneously transmit synchronized time and orbital data to
Earth and relative GPS receivers determine the location using orbital data and arrival time
differences of the received signals from at least four satellites. [77]

Position accuracy depends on the receiver. Modern civilian GPS receivers are accurate to
about 10 to 20 meters (33 to 66 feet) while for military and other more specific applications the
accuracy may be higher. [78]

Along with the US, different nations have developed and deployed independent navigation
capabilities using GNSS systems. These capabilities have been achieved by a satellite
constellation of 20-30 Medium Earth Orbit (MEO) satellites spread between several orbital
planes. Examples of GNSS receivers and its subsystems are depicted in Figures 20 and 21.

The basic position determination principle using a contemporary Global Navigation Satellite
(GNSS) system is very simple (see Figure 22): If both the distances between a satellite receiver
of a GNSS system and three satellites at least and the exact position of those satellites are
known, then the exact location of the receiver is determined at the intersection of those
spherical surfaces that have as centers the aforementioned satellite positions and their radius
are equal to the measured satellite-receiver distances. However, in practice, the implementation
of the above simple general principle is simplified through a series of complex processes and
functions by measuring the distances between the receiver distances and more than three
satellites. [79]

Figure 20: Modern GNSS receiver Figure 21: GNSS receivers in form
of a microcircuit, compatible with GPS,
GLONASS, Beidu and other systems

Source: Pallikaris A., Katsoulis G. and Dalaklis D., Navigation Electronic Instruments and Electronic
Chart Display Information Systems, 2" edition, Eugenides Foundation, Athens, 2016
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Figure 22: The basic principle of
determining position with the use of 3

global satellite navigation systems: h @5 sat3
[“Ship’s position lies at the intersection
of the spherical surfaces E1, E2, E3
and E4, which have their centers at the
points where the satellites 1, 2, 3 and 4
are located and as radii the relevant
distances measured by them’]

Source: Pallikaris A., Katsoulis G. and
Dalaklis D., Navigation Electronic
Instruments and Electronic Chart Display
Information Systems, 2" edition,
Eugenides Foundation, Athens, 2016

The most important of those processes are summarized as follows:

i) The location of the satellite receiver on the Earth's surface (i.e. ship's position), or near the
Earth's surface (i.e. aircraft position) is determined in relation to the positions of the
satellites of the GNSS system used (i.e. GPS, Glonass, Galileo, etc.).

i) Inthe GNSS satellite navigation systems, the positions of the satellites are not constant, but
they change at any given time due to their movement to elliptical trajectories. However, the
precise positions of the satellites at any time, and therefore at the time of determining the
location of the satellite receiver, can be precisely determined according to Kepler's Laws.
[80]

iii) Each satellite of a GNSS system (GPS, Galileo, Glonass, etc.) emits a complex pulsed
encoded satellite signal, associated with its transmission time. The satellite signals provide
the receiver with all the information needed to determine the position, such as the exact
positions of satellites (satellite newspapers), etc. [81]

iv) Receiver distances from the satellites result from measuring the propagation time of the
satellite signals multiplied to the propagation velocity of the electromagnetic waves.
Distances measured in this way contain some errors, so they are called “pseudo-distances”.
[82]

v) The errors of the measured pseudo-distances are mainly due to the fact that the timers of
the satellite receivers are not as accurate as the satellite timers, as well as due to the
change in the propagation velocity of the satellite signals in the ionosphere and the
troposphere.

vi) Correction of the total pseudo-distances error requires simultaneous reception of signals
from at least four satellites instead of the three normally required

vii) For calculating receiver distances from satellites, apart from the aforementioned basic
method of measuring the propagation time of satellite signals, the phase comparison
method, which provides much higher accuracy, is also used.

viii) The phase comparison method is mainly used in geodetic applications, such as the Real
Time Kinematic Positioning (RTK) method. [83]

iX) For the precise determination of the location of the satellites, the GNSS systems have a
ground monitoring and control unit, which consists of:

a) A network of terrestrial monitoring stations.
b) A main control station.
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c) Ground stations for transmitting the elaborated elements of the main control station to
the satellites for further retransmission to the satellite maritime receivers. [84]

X) In order to perform the calculations required to determine the location of the receiver, both the

0)

(ii)

position of the satellite receiver and the positions of the satellites must be referred to a
common geodetic reference system (geodetic datum system) such as the WGS-84 reference
geodetic system used in the GPS system or the PZ-90 reference geodetic system used in the
Glonass system. However, regardless of the geodetic reference system used to calculate the
coordinates of the receiver's location, GNSS receivers can convert these coordinates into
several geodetic reference systems (ED-50, Tokyo datum etc.), depending on the user's
options. [85]

The most significant GNSS systems (either of global or regional cover) are: [86]

GPS [87]: Operated by the U.S. Department of Defense in cooperation with the U.S.
Department of Transportation and other civilian government agencies. It consists of up to
32 medium Earth orbit satellites in six different orbital planes (see Figure 23). Its satellites
are positioned in precise orbits 18,000 kilometers above the Earth. They orbit once every 12
hours, transmitting synchronized time and orbital data to earth. [88] It is nowadays the
world's most utilized satellite navigation system.

GLONASS [89]: GLObal NAvigation Satellite System or GLONASS) was initially developed
by the Soviet Union during the Cold War. Now it is operated as a GNSS by Russia’s
Federal Space Agency (see Figure 24). Having passed a period of disrepair after the end of
Cold War, it has been again fully operational since 2011.

(iii) Beidou [90]: The Beidou Navigation Satellite System (BDS) has been planned and

developed by the government of China with the aim to reach global coverage with about 35
satellites in 2020. (see Figure 25). China is in the process of upgrading the system under
the name BeiDou-2 system, which is proposed to consist of 30 MEO satellites and five
geostationary satellites.

(iv) IRNSS [91]: India has for the moment a satellite-based augmentation system, which is called “GPS

(v)

Aided GEO Augmented Navigation (GAGAN)”. This system enhances the accuracy of GPS and
GLONASS positions. However, the Indian Space Research Organisation (ISRO) began
developing the Indian Regional Navigational Satellite System (IRNSS) in 2006 under the
name “NAVIC (NAVigation with Indian Constellation) to provide positioning services
around India. Itis actually an autonomous regional satellite navigation system under the
control of Indian government. It consists of a constellation of 7 navigational satellites,
intended to provide an absolute position accuracy of fewer than 7 meters throughout and
around India within a region extending approximately 1,500 km. The launch of satellites
has started since 2013.

QZSS [92]: The Quasi-Zenith Satellite System (QZSS), is a proposed three - satellite
regional time transfer and enhancement for GPS system with the aim to cover Japan. The
first satellite launched in September 2010.

(vi) Galileo: It is under constant development as a civilian-operated global system by a

consortium of EU countries. Operations are coordinated by the European Commission and
the European Space Agency, the latter agreed in March 2002 to introduce its own
alternative to GPS. Galileo positioning system (see Figure 26) is expected to be compatible
with the modernized GPS system, thus providing higher accuracy. [93] The complete 30-
satellite Galileo system (24 operational and 6 active spares) is expected to be operational
by 2020. It will have five basic services:

ISSN:1791-4469 Copyright © 2016, Hellenic Naval Academy

E-65



NAUSIVIOS CHORA, VOL. 6, 2016

Open access navigation

Commercial navigation with an 1-cm precision (charged with fees)
Open service for navigational safety

Public regulated navigation (encrypted for use by government agencies)
Global Search and rescue. [94]

Figure 23: GPS Constellation Figure 24: GLONASS Constellation

Source: Pallikaris A., Katsoulis G. and Dalaklis D., Navigation Electronic Instruments and Electronic
Chart Display Information Systems, 2" edition, Eugenides Foundation, Athens, 2016

Figure 25: BEIDU Constellation Figure 26: GALILEO Constellation

Source: Pallikaris A., Katsoulis G. and Dalaklis D., Navigation Electronic Instruments and Electronic Chart
Display Information Systems, 2" edition, Eugenides Foundation, Athens, 2016
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The breakthrough and the way ahead

5. 21° Century: The development of modern electronic navigation

The beginning of 21% century witnessed a technological breakthrough as far it concerns
digitalization, interconnectivity, integration and interoperability of electronic navigation
equipment. That has happened for the sake of time-saving, better accuracy and direct and
faster management of safety/security issues. In this spectrum, electronic chartering has been
introduced and used widely, automatic tracking systems for vessel traffic services have been
fitted on vessels as well as integrated bridge systems have reduced the workload of navigators
while enhancing the safety of ships.

a. Electronic Charts and relevant Display Information Systems [95]

An electronic navigational chart (ENC) is an official database created by a
national hydrographic office, in most cases for use with an Electronic Chart Display and
Information System (ECDIS). An electronic chart (see Figure 27) has to conform to standards
stated in the International Hydrographic Organization (IHO) relevant publications before it can
be certified as and be used within ECDIS to meet the International Maritime Organization (IMO)
performance standards for ECDIS. [96] IMO has adopted mandatory carriage of ECDIS and
ENCs on new high-speed vessels since the 1% of July 2010 and progressively for other crafts
from 2012 to 2018. There are certain types of electronic chart data, namely:

(i) ENC charts: These are vector charts that conform to the requirements for the chart
databases for ECDIS. They are structured with standardized content and format, being
issued for use with ECDIS. ENCs contain all the necessary information for safe navigation,
as in the case of paper nautical charts. However, they may contain additional information,
also necessary for safe navigation. [97]

(i) Raster charts: Raster navigational charts (RNCs) are raster-type graphics maps,

conformed to IHO specifications. They are produced by the conversion of paper charts to
digital image by scanner. [98]

mud, clay' / <

: Entrénc‘;’ Point Light 1’

Figure 27: Electronic Navigational Chart Figure 28: A modern ECDIS Console
Source: https://en.wikipedia.org/wiki/Electronic, Source: Sperry Marine, available at
Navigational Chart, (accessed: 05 May 2017) http://www.sperrymarine.com/visionmaster-ft-ecdis,

(accessed: 05 May 2017)
An electronic chart display and information system (ECDIS) is a computer-based

navigation information system. This type of electronic navigation systems are complying
with IMO regulations, providing mariners the alternative of using electronic charts than
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paper nautical charts [99]. ECDIS integrates a variety of real-time information, being an auto-
mated decision aid for continuously determining a vessel's position about land, charted objects,
navigation aids and unseen hazards. [100] ECDIS (see Figure 28) provides continuous rather
accurate position and navigational safety information. It can also generate audible and/or visual
alarms when the vessel is in proximity to navigational hazards. The performance requirements
for ECDIS are, as mentioned above, defined by IMO [101]. The consequent test standards have
been developed by the International Electrotechnical Commission (IEC) [102].

b. AIS Transponders [103]

Automatic Identification Systems (AlS) are designed to be able to provide information
about the ship to other ships and coastal authorities automatically. [104] In this sense,
AIS information supplements navigation radars, which continues along with visual
navigation to be the primary method of collision avoidance at sea. The information
provided by AIS equipment includes unique vessel’s identification, position, course, and
speed. It can be displayed on a screen or an ECDIS. Furthermore, AIS integrates a
standardized VHF transceiver with a positioning system such as a GPS receiver as well
as with other electronic navigation sensors. [105] The transmitted signals from AIS
stations are received by AIS transceivers (see Figure 29) fitted on other ships or on land
based systems, such as Vessel Traffic Services (VTS) systems of port authorities.
Therefore, vessels fitted with AIS transceivers can be tracked by AIS base stations
located either along coast lines or, when out of range of terrestrial networks (see Figure
30), through satellites. [106] The International Maritime Organization's International
Convention for the Safety of Life at Sea (SOLAS) requires AIS to be fitted onboard
international voyaging ships with gross tonnage (GT) of 300 or more as well as on all
passenger ships regardless of size.

Figure 29: An AlS-equipped system on board a ship, presenting the
bearing and distanceof nearby vessels in a radar-like display format

Source: https://el.wikipedia.org/wiki/media/File:Ais_dcu_bridge.jpg, (accessed: 10 June 2017)

The original purpose [107] of AIS was solely collision avoidance. Notwithstanding, many
other applications have since developed, namely fishing fleet monitoring and control, vessel
traffic services, search and rescue, maritime security aids to navigation etc. [108] Used for
collision avoidance, the technology of AIS identifies every vessel individually, along with its
specific position and movement. It thus enables a virtual picture to be formed in real time (see
Figure 31) [109].
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AIS NETWORK

SHORE BASED STATION

CLASS B AJS DATA TRANSMITTED:
MMSE; CALL SIGN,
POSITION, LENGTH, BEAM
S0G, COG, HEADING, ETC

Figure 30: The AIS network
Source: Marine Electronics Journal, available at https://www.marineelectronicsjournal.com/content/,
(accessed: 05 April 2017)
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Figure 31: The use of AIS in collision avoidance
Source: Pallikaris A., Katsoulis G. and Dalaklis D., Navigation Electronic Instruments and Electronic
Chart Display Information Systems, 2" edition, Eugenides Foundation, Athens, 2016

c. Integrated Bridge Systems (IBS)

An Integrated Bridge System (IBS) is defined as “a combination of systems which are
interconnected in order to allow centralized access to sensor information or command/control
from workstations, with the aim of increasing safe and efficient ship's management by suitably
gualified personnel” (see Figure 32). [110] It is notable that not all types of ships have the same
type of IBS, the latter varying according to the design of the ship’s bridge, the variety of the
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equipment’s types used by the ship, and the general layout of the bridge’s equipment. [111]
IMO, in 1996, adopted performance standards for IBSs. [112] In case of failure of any
navigation, engine, power distribution or other important subsystem, an integrated alarm system
must provide a suitable warning to the officer on watch (OOW) of the potential danger. The
following sub-systems are generally connected to an IBS: i) Autopilot ii) Radar iii) Gyro iv)
Position fixing systems v) ECDIS vi) Power distribution system vii) Steering gear. An alarm
system links all the systems above and transmits audio and visual signal in case of any
emergency. However, there can be more systems connected to the IBS and to the alarm
system. [113] Though IBS constitutes an excellent system for navigation, officers on watch
should always pay proper attention to visual navigational watch keeping, since the latter
provides arguably a much higher confidence level as well as reliability. [114]

Figure 32: Image of a modern vessel’s bridge equipped with IBS
Source: Sperry Marine, available at http://www.sperrymarine.com/integrated-bridge-system,
(accessed: 20 June 2017)

Conclusive remarks

Despite the constant evolution of technology, the basic principles and requirements of
navigation have remained unchanged over time, summarized in avoiding grounding as well as
preventing damage due to adverse weather conditions. The only changes that have been
created over time are the modernization of the methods and the resources allocated to achieve
these basic objectives. Characteristically, we can refer to the usual case of the methods of
classical navigation, i.e. the use of a lantern of the lighthouse network, the repeater of the gyro
compass for measuring true bearing, the traditional radar with analog monitor for measuring
distance or even the traditional printed map and drawing instruments for depicting the position of
the ship and subsequently evaluating the accuracy of that position. All of this process requires
marine perception, experience and knowledge. The same exact procedure can be achieved
nowadays with other navigational aids and tools, such as the GNSS system satellites (instead of
a lighthouse network), the electronic navigation maps (instead of paper maps) and the ECDIS
system (instead of drawing instruments).

The modernization of navigation methods and the development of advanced systems for
automating traditional shipping have by no means transformed the role of the navigation watch
officer in a simple plain operator to monitor and record the status of a fully automatic system. On
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the contrary, the use of automated methods requires a high degree of training, readiness and
alertness for the selection, evaluation and appropriate use of both integrated navigation systems
(INS) and integrated bridge systems (IBS) [115]. To this purpose, the dynamic development of
maritime systems and their components is implemented by international standards in order to
ensure the required accuracy and interoperability.

The main developments in electronic navigation, as assessed and/or proposed by various
working groups, the International Maritime Organization [116] and other relevant institutions
such as the International Hydrographic Organization (IHO) [117] and the International
Association of Marine Aids to Navigation and Lighthouse Authorities (IALA) [118], are as
follows:

i. Improvement of the existing geographic coverage of ENCs towards full global coverage.
i. Review the technical specifications of ENCs.
iii. Improvements to the ECDIS system, like:
* Possibility of three-dimensional imaging of the coast and the seabed.

» Enrichment of the system database by issuing navigational editions (i.e. pilots, radio signals,
etc.) in digital form.

iv. Improvement of the interoperability and mutual support of the satellite subsystems of GNSS
(GPS, GLONASS, GALILEO, etc.).

v. Completion of the GNSS system with terrestrial electronic positioning systems (new
generation of hyperbolic navigation systems) as well as with inertial navigation systems.

vi. Improvement of the existing network of ground-based navigation aids - including the classic
lighthouses network - with sophisticated interactive aids.

vii. Complete interface of integrated navigation systems (INS) [119] and integrated bridge
systems (IBS) [120] with sophisticated telecommunications systems for providing additional
information about monitoring and controlling maritime traffic, search and rescue, marine
environmental protection, long-range identification and tracking systems (LIRT) and others.

Concluding, it is more than obvious that the evolution of both safe navigation and
maritime/shipping operations and related technology go hand in hand, heading towards a
brighter future where automatization, integration and interoperability will in high degree be
determining accuracy, safety, security and effectiveness. To this end, standardization and
positive control by international and national institutions /authorities should be welcomed
provided that we all want to effectively combine profit and performance with safety, protection of
human life and environment and respect of the rules of law.

Nevertheless, as it was derived by the abovementioned analysis, navigational safety has
much to do with positioning accuracy, In this respect, resolving the “time” issue at its highest
precision stands even today a cornerstone in every facet of modern electronic and satellite
navigation. Hence, the whole scientific community will never stop its efforts to achieve “absolute”
perfection in determining exact time with more simplified processes and lower cost in order to
meet the demands of the end-user, for both civilian and military purposes.
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remains the same on the chart. See Rosenbach Company, op.cit.

23. See Chisholm, Hugh, ed. (1911), ‘Navigation’, Encyclopaedia Britannica 19 (11th ed.).

24. See Michael William Richey, available at http://www.britannica. com/technology/ navigation-
technology, (accessed:1 Oct 16).
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or eclipses of Jupiter's moons by Jupiter, first seen by Galileoin 1610. See
http://www.penobscotmarinemuseum.org/pbho-1/history-of-navigation/navigation-american-explorers-
15th-17th-centuries, (accessed:1 Oct 16).
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horizon. It's name comes from its scale, which is 45 degrees or 1/8th of a circle. See Navigating at
Sea, Smithsonian Institute, available at https:/timeandnavigation.si.edu, USA, (accessed: 20 Oct
2016).

27. The sextant was one of the navigation tools invented in the 18th century by British mathematical
instrument makers. It gradually became the symbol of navigation. The device is named for its scale—
60 degrees or 1/6th of a circle. See Navigating at Sea, Smithsonian Institute, available at
https://timeandnavigation.si.edu, USA, (accessed: 20 Oct 2016).

28. See Navigating at Sea, Smithsonian Institute, op.cit.

29. See Bedini, Silvio A. The Pulse of Time: Galileo Galilei, the Determination of Longitude, and the
Pendulum Clock. Florence: Olschki, 1991. See also Vanpaemel, G. ‘Science Detained: Galileo and
the Problem of Longitude,’ Italian Scientists in the Low Countries in the XVIith and XVllith
Centuries, Edited by C. S. Maffioli and L. C. Palm, Amsterdam and Atlanta, Rodopi, 1989, pp. 111-
130.

30. See Navigating at Sea, Smithsonian Institute, op.cit.
31. See Longitude Act, Library of Congress, London, 1714.

32. James Cook used Harrison’s chronometer in his campaign around the globe and when he returned in
1779 his calculations of longitude, based upon the chronometer, proved correct to within 8 miles.
Consequently, Cook completed very accurate and detailed for his time charts during his voyage,
changing the nature of navigation ever since. After that, charts were rapidly developed around the
world. See Sobel, Dava, Longitude: The True Story of a Lone Genius Who Solved the Greatest
Scientific Problem of His Time, New York, Penguin USA, 1996.
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(accessed: 20 Oct 2016).

34. See Gould, Rupert T., The Marine Chronometer, London, Holland Press, 1960. See also Mercer,
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37. See Michael William Richey, op.cit.
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two position lines and obtain their position — in effect determining both latitude and longitude’. See
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39. Applied celestial navigation usually requires the following aids: 1) a marine chronometer to measure
time, b) asextantto measure the angles, ¢) an almanac for the schedules of the coordinates of
celestial objects and constellations, d) a set of sight reduction tables (Norrie’s tables) to help compute
height and azimuth, and e) a map of the area. The “reduction” of sextant sights in minutes is performed
by small handheld computers, laptops or even scientific calculators. Ibid.

40. See Navigating at Sea, Smithsonian Institute, op.cit.
41. See Popular Science Monthly.

42. Before that, all of the seafaring nations had their prime meridians, causing longitude to be different on
charts created in different countries.

43. See Navigating at Sea, Smithsonian Institute, op.cit.

44. In 1899 the R.F. Matthews was the first ship to use wireless communication to request assistance at
sea. See Howeth, Captain Linwood S., XXXVIII’, History of Communications-Electronics in the United
States Navy, Washington, D.C.: Bureau of Ships and Office of Naval History, 1963 pp. 261-265.

45. See Dutton, Benjamin, ‘Ch.15 — Basic Radio Navigation’, Dutton's Nautical Navigation, 15th ed., Naval
Institute Press, 2004, pp. 154-163.
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‘Chapter 8: The magnetic field of the earth: paleomagnetism, the core, and the deep mantle’, Academic Press,
1996. See also Billur Barshan. ‘Gyroscopes’, Wiley Encyclopedia of Electrical and Electronics
Engineering, John Wiley & Sons Inc., 2007, p 547ff

47. See US National Imagery and Mapping Agency, The American Practical Navigator: An Epitome of
Navigation, op.cit.

48. See Howeth, Captain Linwood S., ‘Appendix A: Chronology of Developments in Communications and
Electronics’. History of Communications - Electronics in the United States Navy, Washington, D.C.:
Bureau of Ships and Office of Naval History. 1963, pp. 443—-469.

49. See Bedwell, Don (2007), ‘Where Am 1?’, American Heritage Magazine, 22 (4).

50. GPS works almost the same way as Loran hyperbolic system (time difference between separate
signals), but the signals come from satellites. See National Imagery and Mapping Agency (2001),
Publication 1310: Radar Navigation and Maneuvering Board Manual, op.cit.

51. See Bedwell, Don (2007), op.cit.
52. See Howeth, Captain Linwood S., op.cit.

53. RDF systems became quite common during the 1960s, under a new name: ‘Automatic Direction
Finders’ (ADFs). See Kayton, Myron and Walter R. Fried, ‘Ch.4 — Terrestrial Radio-Navigation
Systems’, Avionics Navigation Systems, John Wiley & Sons. 1997, pp. 99-177.

54. See extensively C. Powell, ‘Hyperbolic Origins’, Journal of Navigation, vol 34. No 3, London, Royal
Institute of Navigation. 1981, p. 424.

55. It developed during World War Il. It included a series of transmitters sending out precisely timed
signals. The signals were leaving the stations at fixed delays. An aircraft using Gee examined the time
of arrival on an oscilloscope at the navigator's station. Having the signal from two stations arrived at
the same time, it meant that the aircraft should have been in equal distance from both transmitters. In
this way it helped the navigator to define a line of position on his chart of all the positions at that
distance from both stations. Gee was accurate to about 165 yards (150 m) at short ranges, and up to a
mile (1.6 km)y. See Dutton, Benjamin, op.cit.

56. Decca was constantly being used on ships from the 50s up to the 90s. See International Hydrographic
Bureau, ‘Chapter Il Decca’, SP 39: Radio Aids to Maritime Navigation and Hydrography, Monaco,
1962.

57. See Pallikaris A., Katsoulis G. and Dalaklis D., Navigation Electronic Instruments and Electronic Chart
Display Information Systems, 2" edition, Eugenides Foundation, Athens, 2016, pp. 267-292.
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58. By 1962, high-power LORAN-C was in place in at least 15 countries. See Jansky & Bayle, The Loran-
C System of Navigation, Feb 1962, available at http://www.loran-history.info/Loran-
C/Jansky Bayle 1962.pdf (accessed 20 Sep 2016).

59. See Pallikaris A., Katsoulis G. and Dalaklis D, op.cit.
60. See Dutton, Benjamin, op.cit.
61. Ibid.

62. Parallel indexing is a technique conceived by William Burger in the 1957. His relevant book is the The
Radar Observer's Handbook. This technique involves creating a line on the screen that is parallel to
the ship's course, but offset to the left or right by some distance. This parallel line allows the navigator
to maintain a given distance away from the hazard. See National Imagery and Mapping Agency,
Publication 1310: Radar Navigation and Maneuvering Board Manual, 7th ed, Bethesda, MD: U.S.
Government Printing Office, 2001, pp. 163-169. See also US National Imagery and Mapping Agency,
The American Practical Navigator: An Epitome of Navigation, op.cit. as well as Maloney, Elbert S.,
Chapman Piloting and Seamanship, 64th ed., New York, NY: Hearst Communications Inc., 2003.

63. From the 1980s raster-scan synthetic displays, being compliant with the IMO Performance Standards,
have been introduced. Their radar picture y is produced on a television screen and is made up of a
large number of horizontal lines which form a pattern known as a raster. See United States National
Geospatial Intelligence Agency, Publication 1310: The Radar Navigation and Maneuvering Board
Manual, Chapter 5.

64. Development of ARPA started to emerge in the 60s after a maritime accident when the lItalian liner SS
Andrea Doria collided in dense fog and sank off the east coast of the United States. Ibid.

65. See Bole, A. et al, Radar and ARPA Manual, Oxford, Elsevier, 2005, p. 312.

66. The latest transponder systems (mode S) can also provide position information, possibly derived
from Global Navigation Satellite Systems (GNSS), allowing for even more precise positioning of
targets. See Dutton, Benjamin, op.cit.

67. In 1988, by suitably amending the Safety of Life at Sea (SOLAS) Convention, IMO required ships
subject to it fit GMDSS equipment. Ships under those provisions were required to carry satellite
Emergency Position-Indicating Radio Beacons (EPIRBs) by August 1, 1993, and had to fit all other
GMDSS equipment by February 1, 1999.

68. There are also several other components of this system, such as NAVTEX receivers for navigational
and safety warnings, digital selective calling (DCS) MF-HF-VHF devices, satellite systems operated by
the Inmarsat company for global coverage distress messages transmission and reception, etc. See
IMO, Handbook on the Global Maritime Distress and Safety System, 3rd Edition, London, 2001. See
also See UK Hydrographic Office, NP 285: Global Maritime Distress and Safety System, 2002.

69. COSPAS/SARSAT system uses four geostationary satellites, incorporating GPS receivers to transmit
highly accurate positions (within about 20 meters) of the distress position. By the end of 2010 EPIRB
had been able to offer AIS (Automatic Identification System) enabled beacons. EPIRB's transmit in
406MHz a registration number which is linked to a database of information about the vessel. See
http://www.gmdss.com.au/, (accessed: 1 Oct 16) as well as IMO, Handbook on the Global Maritime
Distress and Safety System, op.cit.

70. Ibid.

71. See US National Imagery and Mapping Agency, The American Practical Navigator: An Epitome of
Navigation, op.cit.

72. In fact, the Cold War created new navigational challenges for the military for the latter to be able to
response immediately and accurately in a potential worldwide conflict, High-speed fighting aircrafts
and bombers as well as ballistic missiles needed better mechanisms to achieve global navigation. See
Smithsonian Institution, Satellite Navigation, available at https:/timeandnavigation.si.edu/satellite-
navigation, (accessed: 20 Oct 16).

73. Traditionally, this has been achieved by the use of mechanical gyroscopes and accelerometers. In this
respect, one must never forget a basic principle of inertial navigation systems: ‘even the most accurate
units “drift” over time. Therefore they require additional periodic navigation fixes. This can be achieved
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by connecting them to other navigational systems, namely celestial navigation devices, GPS, or even
signals for cell phone networks and wireless access points. Ibid.

74. See Smithsonian Institution, Satellite Navigation, op.cit.
75. Ibid.

76. For further details, see National Air and Space Museum, Smithsonian Institution, available at
https://timeandnavigation.si.edu/satellite-navigation, (accessed: 20 Oct 16).

77. Several signals with the purpose to decode the location and distance of the satellite are sent by GPS
stations while other signals send out the time which is measured by the satellite's onboard atomic
clock. Taking measurements from several satellites, the receiver reproduces its own accurate clock
signal. Comparing these signals, the distance to the satellite can be produced and several such
measurements form a triangulation in order to determine a position on the earth’s surface. Ibid.

78. Users can obtain higher accuracy ( better than 1cm) by using a second GPS unit at a fixed nearby
location (a method called “Differential GPS”). See Pallikaris A., Katsoulis G. and Dalaklis D, op.cit, pp.
179-194.

79. For further detail See Pallikaris A., Katsoulis G. and Dalaklis D, op.cit, ch11,12,13.

80. See Pallikaris A., Katsoulis G. and Dalaklis D, op.cit, ch11.

81. See Pallikaris A., Katsoulis G. and Dalaklis D, op.cit, ch12.

82. See Pallikaris A., Katsoulis G. and Dalaklis D, op.cit, ch13.

83. See Pallikaris A., Katsoulis G. and Dalaklis D, op.cit, ch9, par.9.8.

84. See Pallikaris A., Katsoulis G. and Dalaklis D, op.cit, ch9, par.9.3.2.

85. See Pallikaris A., Katsoulis G. and Dalaklis D, op.cit, chl.

86. As of end of 2015, only the US GPS and the Russian GLONASS were globally operational. China is in
the process of expanding its regional BeiDou Navigation Satellite System into the global Compass
navigation system by 2020, while the EU's Galileois in an initial phase of global deployment,
scheduled to be fully operational by 2020 at the earliest. France and Japan are in the process of
developing regional navigation systems as well. See INTERNATIONAL FEDERATION OF AIR
TRAFFIC CONTROLLERS’ ASSOCIATIONS, (IFATCA), A Beginner’s Guide to GNSS in Europe, EVP
Europe, August 1999.

87. See Official U.S. Government information about the Global Positioning System (GPS) and related
topics, Space Segment, available at http://www.gps.qov/systems/gps/space/, (accessed: 20 Oct 2016).

88. See Pallikaris A., Katsoulis G. and Dalaklis D, op.cit, pp. 179-194.

89. See Information and Analysis Center for Positioning, Navigation and Timing, GLONASS Status,
available at https://www.glonass-iac.ru/en/GLONASS/, (accessed: 1 Oct 2016).

90. See Beidou satellite navigation system to cover whole world in 2020, available at
http://eng.chinamil.com.cn/, (accessed: 20 Nov 2016).

91. See GPS World: GNSS Position, Navigation, Timing, isro: all 7 irnss satellites in orbit by March,
available at http://gpsworld.com/isro-all-7-irnss-satellites-in-orbit-by-march/, (accessed: 8 oct 15). See
also ‘India to have its own gps system soon: isro’, the Hindu [online], available at
http://www.thehindu.com/, (accessed: 4 feb 2016).

92. See Japan’s Cabinet Office, National Space Policy Secretariat, Michibiki: Quasi-Zenith Satellite
System, available at http:/qzss.go.jp/en/index.html, (accessed: 20 Nov 2016).

93. Galileo is intended to provide horizontal and vertical position measurements within 1-metre precision
and ameliorated positioning services at high latitudes with regard to other positioning systems. See
Van Der Jagt, Culver, Galileo: The Declaration of European Independence, Royal Institute of
Navigation, 7 November 2001. See also On a Civil Global Navigation Satellite System (GNSS)
between the European Community and its Member States and Ukraine, available at
https://www.gov.uk/government/uploads/system/uploads/, (accessed: 12 Jan 2015).

94. See Dee Ann Divis, ‘Military role for Galileo emerges’, GPS World, May 2002, Vol. 13, No. 5, p. 10.
See also Jaizki Mendizabal et al, GPS and Galileo, McGraw Hill, 2009.
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95. For a detailed view on Electronic Charts and ECDIS see Pallikaris A., Katsoulis G. and Dalaklis D,
op.cit, pp. 305-380.

96. See International Hydrographic Organization (IHO), S-57: Transfer Standard for Digital Hydrographic
Data as well as S-52: Specifications for Chart content and display aspects of ECDIS, available at
http://www.iho.int/iho_pubs/IHO Download.htm, (accessed: 20 Sep 16).

97. See IHO, Introduction to Electronic Chart Systems and ECDIS, available at http://www.iho.int/,
(accessed: 20 Sep 16).

98. IHO Publication S-61 provides guidelines for the production of raster data. See IHO, S-61: Product
Specification for RNC, available at http://www.iho.int/iho_pubs/I[HO Download.htm, (accessed: 20 Sep
16). IMO Resolution MSC. 86(70) permits ECDIS equipment to operate in a Raster Chart Display
System (RCDS) mode in the absence of ENC.

99. See IHO, Introduction to Electronic Chart Systems and ECDIS, op.cit.

100. An ECDIS system displays the information from electronic navigational charts (ENC) or Digital
Nautical Charts (DNC). It integrates position information from position, heading and speed through
other navigational sensors such as radar, fathometer and Automatic Identification Systems (AIS).
There are also other sensors able to interface with an ECDIS such as radar, Navtex, depth sounders,
etc. See Weintrit Adam, The Electronic Chart Display and Information System (ECDIS). An
Operational Handbook, CRC Press, Taylor & Francis Group, London, 2009. See also http://www.ecdis-
info.com/about_ecdis.html, (accessed: 15 Nov 16).

101. ECDIS is defined in the IMO ECDIS Performance Standards (IMO Resolution A.817(19)) as follows:
“Electronic Chart Display and Information System (ECDIS) means a navigation information system
which, with adequate back up arrangements, can be accepted as complying with the up-to-date chart
required by regulation V/19 & V/27 of the 1974 SOLAS Convention, by displaying selected information
from navigation sensors to assist the mariner in route planning and route monitoring, and by displaying
additional navigation-related information if required”.

102. In International Standard IEC 61174. See International Electrotechnical Commission, Maritime
navigation and radiocommunication equipment and systems — Electronic chart display and information
system (ECDIS) — Operational and performance requirements, methods of testing and required test
results’.

103. For an extra view at the operational use of AIS Transponders see IALA, Guideline No. 1028: on the
Automatic Identification System (AIS), Volume 1, Part I: Operational Issues, Edition 1.3, International
Association of Marine Aids to Navigation and Lighthouse Authorities Dec 2004.

104. They in fact constitute an automatic tracking system that is mainly used on ships and by vessel traffic
services (VTS). Its purpose is to identify and locate vessels by electronically exchanging data with
other nearby ships, shore stations and satelltes. See http://www.imo.org/en/Our
Work/Safety/Navigation/Pages/AlS.aspx, (accessed: 30 Sep 16).

105. Such as a gyrocompass or rate of turn indicator etc. See The Navigation Center of Excellence, How
AIS Works, US Department of Homeland Security, US Coast Guard, available at
www.navcen.uscg.gov, (accessed: 20 Nov 16).

106. See The Navigation Center of Excellence, What is AlS, US Department of Homeland Security, US
Coast Guard, available at www.navcen.uscg.gov, (accessed: 20 Nov 16).

107. See IMO, Resolution MSC.74(69), Annex 3: Recommendation on performance standards for a
universal Shipborne Automatic Identification System (AIS).

108. See Chrysochou G., ‘International and European Maritime Environment Safety Framework and
Related Control Systems’, Academy of Strategic Analyses, Working paper, No 43, March 2016, ISSN:
2407-9863.

109. The AIS standards include certain automatic calculations based on these position reports.
Suggestively, one may mention the Closest Point of Approach (CPA), collision alarms etc.
Furthermore, AlS is usually used in conjunction with radar.

110. See http://www.imo.org/en/OurWork /Safety/SafetyTopics /Pages/ Integrated Bridge Systems.aspx
(accessed: 12 Sep 16).
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111. The revised SOLAS chapter V adopted in December 2000 and entered into force in July 2002 says
in Regulation 19: Carriage requirements for shipborne navigational systems and equipment paragraph
6: “Integrated bridge systems shall be so arranged that failure of one sub-system is brought to
immediate attention of the officer in charge of the navigational watch by audible and visual alarms, and
does not cause failure to any other sub-system. In case of failure in one part of an integrated
navigational system, it shall be possible to operate each other individual item of equipment or part of
the system separately”.

112. See IMO Resolution MSC.64(67), Annex 1, Recommendation on performance standards for
Integrated Bridge Systems (IBS).

113. In most ships, an additional alarm connected to the IBS is also fitted in the cabins of navigational
officers. This alarm produces a signal in the cabins within 30 seconds in case the officer in charge fails
to acknowledge any alarm.

114. See http://www.marineinsight.com/marine-navigation/what-is-integrated-bridge-system-ibs-on-ships,
(accessed: 12 Sep 16).

115. See IMO SN Cir. 265, Guidelines on the application of SOLAS Regulation V/15 to INS, IBS and
Bridge Design, Oct 2007.

116. See International Maritime Organization (IMO) official website, available at http://www.imo.org.

117. See International Hydrographic Organization (IHO) official website, available at
http://www.iho.shom.fr

118. See International Association of Marine Aids to Navigation and Lighthouse Authorities (IALA) official
website, available at http://www.iala-aism.org.

119. See IMO Resolution MSC.86(70), Annex 3, Recommendation on performance standards for an
Integrated Navigation Systems (INS).

120. See IMO Resolution MSC.64(67), op.cit.
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