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Iepilnyn

2y epyacia avt diepevviiOnie kot ekTiunOnke 1 ovVaTOTHTA UETPH-
ong tov Pabovg pnywv Qalooaiwv vepmv ue ) ypHon molvPacua-
KOV 0eIOUEVY OT0 E1KOVES TV 00pvpipwv LANDSAT kor SPOT,
& oVVOVOTUO LE POBVUETPIKG OEOOUEVA TPOEPYOUEVO. OO NYOPOAL-
on ka1 GPS. XpnowomoinOnkoy molopoacuatikés e1koves e Goido-
o106 TEPLOYNS Tov KoAmov g Néag Miyovidvag tov Nopod Ocooa-
Aovikng. Tia v io1a wepioyn mponynOnke n omotdmwon tov aldo-
o1ov mobuéva pe ™ Ponbeio. GPS yio tov mpoadiopioud s opilo-
vriag Oéong kai nyofoliood yia tov mpoodiopioud tov fabovs. Xpn-
owonoOnke mwolvpoouotiko fabvuctpinéd poviédo, or faluovo-
MIOEIS TOD OTOIOD TPOEKVWOV OTO OEOOUEVA. TV DO EIKOVOV KOl
Poaciotnkay oe fobouctpira onueia tov nyoforiouod. O éleyyog twv
Pobuovormoewv éyve ue mpofleyn Pabav oe Oéaeig nyofforiotikmdy
onueiwy, Ta omoio, dev ueteiyay o€ avteg. Télog, extiunOnke n omote-
Aeopatikotnra twv eikovwv SPOT kor LANDSAT oe Polvuetpirég

EPAPUOYES.

1. EIXAT'QI'H

H avéykn ywo t ypryopn dnpovpylo kot Ty evnpépmon
VOUTIKOV YOPTOV Y0 TEPLOYEG PNYDOV VOATMV 0d1yNCE, Amd
T TéAN g dekaetiag Tov 1960, epguvntég Tov Ivotitovtov
[Mepparroviikdv Meretmv tov Michigan [BA. 12, 13, 14, 15,
24,25, 26, 29, 30] oty avantuén Paboperpikic Oewpiog pe
mAeniokonmon. H Bswpia avt Bacictnie oTig ontikég 1010-
TNTEG TNG NAEKTPOUAYVNTIKNG OKTIVOPOALOG G€ oyéon e TO
BvB6 Kot pe To oL TOL VEPOL, TO 0moio BewpiOnke dravyég
[BA. won 3, 31]. Ztig emdpeveg dekoetieg TOAAOL epeLVNTEG
EQNPLOGOV TO BE@PNTIKO LOVTELD, (PN OLLOTOLDOVTOG TNAETL-
GKOTUKE TOAVPAGUOTIKA OESOUEVA. ZVYKEKPILEVA, YPTCLUO-
momOnKav dopLEOPLKES TOAVPAGHATIKEG elkOveg MSS [2, 4],
T™ [4, 19, 20, 28, 29, 30] ka1 SPOT [5] dopveopikéc may-
rpopotikég eikoveg SPOT [5, 6, 7] kot ToAvacOTIKG dEd0-
pévo amd aépog [16, 27]. Ta Pabvpetpikd povtéha Pabpo-
vounnkav kvpiog pe yvootd onueia mov mponibav omd
YropinOnke: 15.6.1999 Eyive dexriy: 19.1.2000
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Babvpetpicovg yapteg [4, 5, 19, 20, 28] kot pe Padn mpoep-

youeva and cvotnuo Lidar [16].

Yy mapovca epyacio ypnoyonomtnke to fabvpetpucd
povtédo tov Lyzenga [16] kot 10 £peuvNTIKO EVOLOPEPOV ETTL-
KevipmOnke ot Pertioon g akpifelag Tpocdlopiool Twv
Babmv, mov TpokvmTOLY 0O TOAVPACHATIKY Babvpetpio o
NV €MTEVLEN TOV GKOTOV AVTOV £YLVOV Ol TOPUKAT® HLOSIKO-
oleg:

e Xpnowonomdnkay moiveacpatikd dedopéva LAND-
SAT «or SPOT, ywo va ektipunBei  amoteAespaTikoTnTO
™G KABe €kOvag o1 ddKOGIO TG TOAVPOGUATIKNG
Babvpetpiog.

® Mze okond Tov eviomicpud Tov Pabpov enidpacng tov te-
LVIKOV TNG EMOVOIELYLOTOANYIOG KOl TOV TEXVIKOV NG
Beltioong oto TEMKO OMOTEAEGHA, 1 LEV ETOVASELYLLOL-
ToM i Kot Tov 600 EIKOVOV LHETA TNV 0VAY®YN TOVG GTO
YAPTOYPAPIKO GVOoTNH €Yve pe 600 peBddovg, exeivn
TOV TANGCLEGTEPOL YELTOVIKOD ONUEIOV KOl €KELV NG
dwkvPng mapepPoing, n de PeAtinon| Tovg pe T ypnon
YOALMAOTEPOUTDV YOPIKDY QIATP®V KOl YOLUNAOTEPUTMV
oirtpov Fourier.

® Adbnke Wwitepn Popvtnto ot Pabuovouncn kat tov é-
Aeyyo tov Babuperpicov poviédov. Kot otig dvo avtég dwo-
dwaoieg ypnopwomomOnkav Pabvpetpikd onueio, mOL
TPOEKLY AV OO NYOPOALCTIKY) GUOKELT GE CLVOVAGLO LLE
GPS ywa Tov Tpocdopiopd g oplloviioypagtkng 8éong
tovg. 'Etot, anoepebyBnke n ypnon Pabdv omd tovg mokt-
00¢, HIKPNG KMUOKOG Kot dyveootng akpifetag, vrdapyo-
vteg Pabupetpikods yapteg Yo Tov eAAadKd yodpo [PA.
16, 17]. Avtd eiye og omotélecpo va punv veiotavtol
TAEOV dVO OO TIG O GNLULAVTIKEG TTNYEG COAALATOC, TOV
gtval n xprion Pabvperpikdv onpeiov dyvootng a&lomt-
oTi0G KOl TO LEYAAO XPOVIKO SLAGTNLO OVALESH GTN GLA-
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2ynuo 1: H weproyn perétng oty N. Miyovicvo.
Figure 1: The study area in N. Michaniona.

A0Y1 TV PaBLUETPIKOV oNUEI®V TOV XAPTN KOl GTI GLA-

AOYH TV ToAvQaGHATIK®V dedopévav [BA. 19, 20].

H perét agopd ot Baddooio weployn g Néag Mnya-
vidvag tov Nopob @sooarovikng (oynqua 1), émov o Pubdg
glvat opaAos, appmong Kot to vepd dtavyéc. Tlponyndnke n
amoTVMOT ToL Baddoctiov Tubuéva pe nyopfdion kot GPS
v BéOn péypt 15 m. Ot perprioelg éywvav tov IodAo tov
1997 [BA. 37]. ZvAréyOnkav cvvolkd 719 perproeig fabov
Kot oprlovtiog Béong o mepimov 5 dpeg HETPNTIKNG SLodIKaL-
clog.

H nyoPolotikn Babvpetpia Eywve pe ™ ypron nyofoit-
GTIKNG ovokevng, Tomov CODEN CVS106 kot éva (edyog
dektdV TOoV dopveopkov cvotiuatog GPS. Xpnoyomom-
Onkav éva Levyog dektdv dvo cvyvotntmv g Leica/Wild
System 300 kot 1 Kynuatikny oxetikn péBodog pETpnomng.
ZOpemva e avtny, 0 €vag dEKTNG (KOPLOG) TapEUEVE OTN
oTEPLL KEVIPOUEVOG € 6Tafepd (YVmoTd) onpeio kot o dgv-
Tepog tomobetOnke oto okdpog. H dadikacio pétpnong
[BA. kon 1, 22] meprypdipeTan oTnVv endpevn mapdypaeo. H eco-
tepikn akpifea mposdropiopov tov Babodv éptace ta 10 cm.
H opwlovtoypagikny 8éon mpocdiopiotnke pe v Kivn-
patikn pébodo ko pe akpifeia g teéng v 1-2 cm * 2ppm
[17, 34]. H mpocdiopilopevn BEon avapépetal 6To GVGTNIA
ocvvtetaypévov UTM.

H ewdva LANDSAT, mov ypnoipononke, eiye nuepo-
unvio Aqyng mv 4n Oktoppiov 1986 kot n SPOT v 4n
Ampidiov 1993.

INa v ohokApoon ¢ peAéng ypnoponomdnkay to
AOYIGUIKG TOKETOL:

e Imagine/ERDAS yuwo v enelepyacio tov eikévav.
® Minitab yio ) BoBpovounon kot emoAndevon tov Boadv-
UETPIKOD HOVTELOV.

2ynua 2: H wopeio mov diéypaye 1o okapog. Aiaxpivoviar ot nyofio-

AMOTIKES YpOoLUES.
Figure 2: The boat's route. The echo sounding lines are depicted.

e Surfer ywo ) dnpuovpyio dtoypappdTov I6oBaddv.
e Ski (Leica/Wild) yw v enefepyacia t@v dopvoopikmdv
otolyeiwv Tov GPS.

2. HXOBOAIXTIKH BAGYMETPIA

H Swdikacio Tov petpiioev EeKvé Le TOV TPOYPOLLLLOL-
TIoHo TV dekt®dv GPS, 1 de akpifeia tov anoteleopdtov
eaptdtat dpeca 1600 amd 0 TAN00G TV 0PVPOPOV, TOV
Bplokovtot Tave omd tov opilovta, 660 Kot amd Tov WaviKd
YEOUETPIKO GYNUOTIGUO TOLG GTOV ovpave. Metd amd pe-
At ToLG emAEYONKE M KATAAANAN YpOVIKN TEPiodog TV
LETPNCEMV. TN GLYKEKPLUEVT £pYOcic 0 Evag OEKTNG TTPo-
ypoppotiomKe va Hetpd akoAovddvtog ) otatiky pébodo
pe pulud Kataypaeng TV onuatev ta 5. O dedtepog dé-
KTNG TPOYPOLLOTIOTNKE VO LETPE Le TNV Kivnuatikn pébodo,
axoAovOdVTaG TOV 1810 pLOUO KaTAYPAPT|S.

10 oyfua 2 eaivovtol ot NYOPOAMCTIKES YPOUUES, Ol O-
TO1EG LVAOTTOLOVV TNV TopEia TOL aKoAoVONGE TO GKAPOG.

e kaOe Béom, 1 évdeEn g 006vng g nyoPorioTikng
GLOKELNG KATAYMPIGTNKE TOVTOYPOVE. LLE TV ETOYY| TNG Mé-
TPNONG, ONAAOT TO YPOoVIKO StdcTnpa TG néTpnong tov GPS.

O puBudg KaToypoeng TV petpnoemy éptace Tig 150 ot
dtompa plog opag. O apBudc tov peTpnoemv ové ®pa
e€apTdTon OLVGLOGTIKA amd TNV OpaAn 1| Ol Topeia TOV GKa-
QOLC, TN LOPPOAOYiO. TOV TLOUEVE KoL TNV IKOVOTNTO TOV
ovvepyeiov petpnoswv. Eva eniong mpofinua, tuyaiov o6-
LG YOpoKTAPa, Eivat ot Koipikég cuvnkes. H opOn Aettovp-
yio TG NYOPOAMCTIKNG GLOKELNG EIVOL EPIKT HLOVO GE KOTO-
otdoelg vnvepiog. Ot dotopdéelg and Tovg KLUATIGHOVG
KaO1oToVY addvaTY TN HETPNTIKY dadikacia, 1, 0TOV aVTH
elvat ek, to anoteAéopata dev Umopovv va. BempnBovv
0&10mIoTO. 2T GUYKEKPIUEVT] TEPITTOOT Ol KUIPIKEG GLVON-
KEG TV TOAD KOAES.
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2ynua 3: Aiaypopuo 10ofobov amd  uetpnoeis nyoforliotikig
ovokevns ko1 GPS.

Figure 3: Depth contours according to measurements from the echo
sounder and the GPS.

3TIC TOPAUETPOVS EIGAYMOYNG TPOPANUATOV KOTE TN
SLOPKELD TOV HETPNOEDV TPEMEL VO CUUTEPIANPOEL KaL 1)
TopEin. TOL OKAPOVG. ATO TN CLYKEKPIUEVT] EQAPLLOYT| TOPOL-
mpNOnKe O6TL OpaAT Topein TOV GKAPOVG e UIKPT KOL OTA-
Oepn tayvta (5 km/h) Bedtiotomotel ™ petpntiky do-
dwoaocio. Béfata, n pukpn taydNTo 0wEGVEL ONUAVTIKA TO
xPovo TV petpnoemv. TElog, akdOun £va GNHLOVTIKO TPOPAN-
Lo KoTd TG HETPNOELS givar 1) mepintmon va yabel To onpa
Ao TOLG SOPVPOPOVG, OTOTE TPEMEL VO, EXOVAANPOEL 1 dta-
dwooio g exkivnong.

Y10 oyfua 3 @aivovtal ot 1oofabeic, OTmG TPOEKLYAV
amo v nyoPoiotikn fodopetpia.

3. IOAY®PAXMATIKH BAOYMETPIA

3.1. IIpocTopnacio TOV E1KGVOV

Ot molvacpotikég eikoveg SPOT kot LANDSAT avi-
¥Onkav péow apvikov petacynuatiopov [ PA. 21, 33] oto
ovotuo UTM, to omoio fitav Kot 1o chotnpa TV optlovti-
oypapikmv Bécenv Tv nyofolotikdv onueiov. o tovg
AOyovg ov avapépbnkay oty §1, n emavaderypatornyio é-
ywe pe ™ pébodo maperPoing TOL TANGLEGTEPOL YELTOVIKOD
onpeiov kot pe ) péBodo g dikvPikng mapepPoing [PA.
33]. AkoAiovOnoce 1 peioon tov vdpyovtog Bopvfov otig o-
VNYLEVES EIKOVEG LE TNV EQOPLOYN TOV WiV GIATPOV TOGO
670 amoTéLecia TG LeBddOL TOV TANGLEGTEPOL onpEeiov 66O
Kot TG OV PBikng mapepfoinc.

O)ot ot dlawrot g moiveacpatikng ekovag SPOT ma-
povcialav Bopvfo pe T popen “oAatomimepov” (salt and
pepper) [BA. 9, 10, 32]. I'a ™ peimon tov BopvPov kpibnke
QTTOTEAEGLLOTIKT 1) YPNOT TOV YOPIKOD YOUNAOTEPATOD PIA-
tpov 3x3 [ BA. 9, 32] (oynua 4).
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Zynuo 4: Toun twv dodiwv 1, 2 kaa 3 s eixovag SPOT mpiv (Ae-
T YpOo]) Kol [ETE (EVTOVH Ypopun) Ty EQOpUOyH TOD YWPIKOD
xounlomeparod piltpov 7X7.

Figure 4: Profiles from bands 1, 2 and 3 of the SPOT image before
(thin line) and after (thick line) the application of the spatial low
pass filter 7X7.

O dlawrog 1 g moivpacpatikng ecovog LANDSAT mo-
povciale B0pvfo popeng “arotominepov”, evd ot 2 kot 3
onpavTikd meptodikd Bopvfo pe T popen Evrovng Awpldo-
moinong (stripping) [ BA. 9, 10, 32]. I'a ™ peimon tov Hopv-
Bov gpappdotnre 0 YounronepaTd YopPKOd Giktpo 7x7, 0
01010 Yo TG KPEG TTEPLOYES TV PAOVUETPIKDOV EQAPLOYDV
eoaivetol vo elvol OmOTEAECUATIKO TOGO Y0 TOV TEPLOSIKO
0G0 Kot Yo Tov un meptodikd 06pvfo [PA. 9, 11, 18, 19, 32]
(oyMua 5). Eniong, yio v avIyetdnion g teptodikdTTog
tov BopvPov JoKAGTNKAY dVO AVTITPOGOTEVTIKG PIlTpa
Fourier, kot cuykexpyéva to ¢idtpo Butterworth ot to @iA-
tpo Hanning [ 9]. Ta peyébn tov aktivov tov ¢iktpov mtpo-
Koyayv pe Baon ™ HOpON TOV PACUAT®V TOV J1014.6TATOV
petacynpoticpot Fourier tov dtaviwv [8] (oynua 5).

3.2. IoAv@aopatiké PaBuopeTpiké povréio

To BaBog tov vepoy z Pmopel va, YPOQEL MG O YPOLLUIKOG
GVVOVAGHOG TV X; OA®V TOV YPNGLLOTOI0VUEV®V S1HAmY
g ewovag o¢ &ng [19, 20, 28]:
z=ay+ ) a;X; pei=1,n

"2

3.1)
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2ynpa 5: Townp tov dadlov 2 g eikovag LANDSAT mpwv (Aemtn
YPOLUN) KO UETC. (EVTOVI YPOUII]) TRV EQOPUOY TOV YWPIKOD Youn-
Aomeparod piltpov 7X7 (a), Tov pilipov Butterworth (f) ka1 tov pil-
pov Hanning (y).

Figure 5: A profile from band 2 of the LANDSAT image before (thin
line) and after (thick line) the application of the 7X7 lowpass filter
(a), the Butterworth filter (b) and the Hanning filter (c).

To X, divetor and ™ oyéon:
X; =In(L; = L) = In(Lyg)) +In(Lyg)) —k; fz

omov:

(3.2)

i: évag dlaviog.

L maxtwvoPolo yio éva diavdo i, ) omoio kataypdeeTon
amo EVOV TOAVQOCUATIKO OEKTT).

Lw(i): glvar 1 axtvofolio wéve amd ta Pabid vepd cto diav-
Ao i

LO(i): glval pio ouvaptnon g NAOKNG aKTVOPOAlNG Kot
oovtat pe 1 [3].

Lb(i): glvar n axtvoforio fuBov oto diawro i. .

;o &lvar o cvvtedeotng e&acBévnong oto Siawo i.

f €lVOL 0 GUVTEAEGTIG IOV TEPLYPAPEL TO UNKOG TNG Ol0L-
dpopng g aktvoPforiag péca 6To vepd Kat cuviBmg
diveton icog pe 2 [3].

zZ: glvat to Babog tov vepov.

H oyéon (3.1) exppdadet t ypoppkn moAvdpounon [BA.
36] petald tov Pabov z kol twv petafintov X;. O ctabde-

pog cuvtekesTG A, £ivan GuvapTNON TV GUVTIEAECTOV e&a-
c0évnong k; kot o1 cuvterestés a; eivar cuvaptioels Tov k;,
TV LO(i) Kot TOV aKTvofoAdv fubov Lb(i) [19, 20].

3.3. BaOpovopiiceis Tov faboperpikov povréiov ko
egmoin0gvoeis Tov fadpovoprcemv

2y mapovca gpyacio ypnoiomomnkay ot opatot dio-
viot 1, 2, 3 kot oTig dvo ewdveg [PA. 19, 20, 28].

H emiioyn tov onpeiov Babuovounong éywve £tol, dote
T GNUED VO KAOADTTTOLY OLLOIOHOPPO, OAT) TNV TEPLOYN MEAE-
NG KOl GE OMOGTACELS LEYOAVTEPESG OO TIG YWPIKEG OVOAD-
oeg TV dopveopwv SPOT kot LANDSAT (20m kot 30m
avtiotoya). Xpnowomomdnkav 183 onpeia and ta 719 g
NyoPoMoTIKNg o€ pio péon peta&d Tovg amdoTaon TEPITOL
60 m. ['lo Adyovg oVYKpiong, oe OAES TIG BoOLOVOUNGELG TOV
HOVTELOL ypnoomomOnkay Ta idlo onueio, TV onoiov Ta
Badn kvpaivovray and 1.9 wc 14.3 m (oynua 6).

IN'a 6ha ta dedopévo wg Tun Lw(i) oe kdbe diavro yxpn-
olpomomOnke N T £€viaong ToOL CONUEIOV OTOKOTNG TOL
IGTOYPALUOATOS TOV AVTIGTOLYOV SO0V OTIG YAUNAOTEPEG
Tpég [2, 19, 20] (PA. mivaxa 1).

Ta dedopéva kat Tov 600 ewdvav, ta onoia TpoAdav o-
w6 Vv epapuoyn g pebddov emavadetypotoyiog tov
TAGLEGTEPOL GNEIOL, dEV ElYAV CMULAVTIKTY Slopopd amd Ta
avtioToyo ™G OKLPIKNG Kot €Tol dgv ypnotpomodnkoy
o115 fabuovopnoeig [37].

Metd amd SadoyIKEG TAAVOPOUNCELS KOl TNV OTOUd-
Kpuven TV BabupeTpikdv onueimv, Yo, To. omoio To eKTI-
unbévta Badn mapovoialov peydin dapopd amd T apykd,
mpoékvyav ot Babpovouncelg mov aivovtol otov mivaka 1.
INo kGO mepintwon divoviol 1 TUTIKY ATOKALGT) TNG TOALY-
dpoéunong s, n ovoyétion r [PA. 36] kot To TANBog N TV on-
peiov Paocel Tov omoimv €yve tedkd M kébe Pabpovounon
(mivaxag 1).

I'o v eroinBevon tov Pabuovounocemv ypnoponon-
Onkov 185 petproeig g nyoforiotikng pebddov, mov dev
ocovppetelyav ot dadwkacio g Pabuovopnons. To 185
onueia eTeEAéynoay €161, OGTE VO, KATAVELOVTOL KOVOVIKG 8
OAN TNV mEPLoyN HEAETNG. X100 oyfua 7 eaivetal 6Tt ta Béon
TV onuelov avtdv Kopaivovtay and 1 émg 14 m.

Ytov mivoko 2 divovtot 1) HEST] TN TV ATOAVT®V LMV
TV dpopdv (L.T.8.) pneta&d Tov faboug tng NyofoloTikig
Kot ToL TpoPAETOUEVOL 0O TO poviélo Pdabovg e Kkdbe
onpeio emaAnfegvong, N TLVTIKY ATOKAIOT © TNG W.T.0. Kot TO
€M TOIG EKOTO TOGOGTO TMV CNUEL®V, TOV OTOI®V Ol ATOAL-
TEG TIUES TOV SLOPOPOV NTaY KAT® 0o Evo. LETPO. XTal oyYn-
pata 8, 9, 10 kot 11 @aiveror 6TL 68 OAEG TIG TEPITTMOGELS 1|
KaAOTEPN emainfevon yivetan ota pukpd Badn.

Yta oynuata 12, 13, 14 kon 15 divovton ot Babopetpioi
YEPpTES TNG TEPLOYNG LEAETNG, OL OTolol oYedtdoTNKAY LE Pd-
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Iivaxag 1: O1 fabuovounoeis tov HoviéAov kot To. OTATIOTIKG, YOPAKTHPICTIKG TOVG.
Table 1: The model’s calibrations and their statistical characteristics.

BAOGMONOMHZXEIX s (m) r N
Mi: x“""“"s‘%}"” X3 2=20.9-1.91In(Li - 7)— 5.3 In(L2 - 36) - 1.2 In(Ls -18) 0.64 0.98 153
XOPKO @iktpo 7X7
M2: P ANDS AT Z=17.6 — 1.5 In(L1 — 70) — 7.1 In(L> — 19) — 1.2 In(Ls- 15) 1.10 0.94 143
iltpo Butterworth
M3 P NDSAT Z=13.5-0.61In(L1 —71)— 5.8 In(L2 — 20) + 0.3 In(L: — 16) 0.82 0.95 152
iAtpo Hannin
M4: P NDSAT Z=15.4-2.19 In(Li - 71) - 6.6 In(L> — 20) + 0.9 In(L — 16) 0.84 0.95 143
* 7 (e}
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Zynua 6: lotoypouua ovyvornras twv Pabov mov ypnoipomou-
Onrav otig fabuovounoeis tov puoviéiov.

Figure 6. Frequency histogram of the depths used for the model’s
calibration.

Zynua 8: Emalnbevon g fobuoviunons M1. Zyéon nyofoliotikamv
Pobdv ko avtiotorywy aroAdTwy TGV TV dtapopdv fabovg.

Figure 8: Testing of calibration M1. Relation between echo soun-
ding depths and corresponding absolute values of depth differences.
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Figure 7: Frequency histogram of the depths used for the models
testing.
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2ynua 9: Emalnbevon g fobuoviunong M2. Xyéon nyofoliotikamv
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Figure 9: Testing of calibration M2. Relation between echo soun-
ding depths and corresponding absolute values of depth differences.

vTéAov yuo Badn péxpt 9 m Kot amokOnTEL TV TANPOPOPia
v peyordtepa faOn. Me apopun v moapotnpnon avty, é-
yway vées Babpovopnoetg tov povtélov pededopéva LAND-
SAT yia Ba6n péypt 9 m. To GTATIGTIKA YOPOKTNPIOTIKA TOV
Babpovouncewv kot Twv enainbedcedv ToVg Paivovtal GTov
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Iivakag 2: Zratiotika yopoktnplotika exoiibevons twv fabuovouin-
oewv.
Table 2: The statistical characteristics of the calibration testing.

BaBpovopncels | p.t.9. (m) o (m) % (<1m)
M1 0.76 0.65 72
M2 141 1.12 41
M3 1.12 1.05 58
M4 1.19 1.06 56
15 — ©
00
[0}
w0 ¥
® [}

T T 1 H T T T 1

T T T i t
0.0 05 1.0 1.5 20 25 3.0 3.5 40 45 50 55 8.0
andlursg Tipuds S1aeopdv

Zynua 10: EmoinOsvon e fabuovounons M3. Lyéon nyofolioti-
K@V fabav kot avtiotoiywyv amoAdTwY TV TV d1apopav fadoug.
Figure 10: Testing of calibration M3. Relation between echo soun-
ding depths and corresponding absolute values of depth differences.
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Figure 11: Testing of calibration M4. Relation between echo soun-
ding depths and corresponding absolute values of depth differences.

nivoke 3. Elvar eppovig n Peitioon g amddoong tov
TOALQAGHATIKOV povTéLov pe dedopéva LANDSAT ota
pkpotepa Padn.

4. XYMIIEPAXMATA

2NV TopovGo EPYNCIO 1] EPUPLOYN TG TOAVPUGLOTIKNG
Babvpetpiag éyve o fuBd opodd kat og kabapd pnyd vepd,
GOLOOVA LE TIG ATALTAGELS TOL PaBLUETPIKOD LOVTELOV TTOL
yPNoLpoTO ONKE.

22.84 22.85
Zynuo 12: Babouetpixog yaptng aro ta faln e emalnbevons g
Pabuovounons M1.
Figure 12: Bathymetric map compiled by testing depths from cali-
bration M1.
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Zynua 13: Babopetpixog yaptns aro ta fabn e emalnbevons g
pabuovounons M2.

Figure 13: Bathymetric map compiled by testing depths from cali-
bration M2.

H Pabpovounon tov poviéhov otnpiydnke oe petpné-
vta onpeio vynAng opovtioypaeikng Kot BobvpeTpikng o-
&lomiotiag, To omoia TponAbav amd Nyofoiion Tov TubuEva
™G TEPLOYNG HEAETNG.

H pébodog emavaderylatonyiog Tov EIKOVOV QAvNKE Vo
punv ennpedlel TNV anoTEAEoUATIKOTNTO KOHLAG oo Tig Pab-
povounoelg mov £ywvav pe dedopéva SPOT 1N pe dedopéva
LANDSAT.

Katd ovvéneia, ot anyég cpoipdtov otn Pabpovounon
Kot otV TpoPreyn Pabdv pmopovv va givat:

® Awpopég katd X 1 kot katd Y, avdipeoa otn 0€om evog
Babvpetpucod onpeiov kot g avtiotoyng Béong ov
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22.84 22.85

Zyniua 14 BaOvuetpixog yoptng ono to. foOn eralnbevons g fob-
povounong M3.

Figure 14: Bathymetric map compiled by testing depths from cali-
bration M3.
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Zynuo 15: Babouetpixog yaptns amo to. faldy emalnbevong g fobd-

povounong M4.

Figure 15: Bathymetric map compiled by testing depths from cali-

bration MA4.
avnypévn gwcova. Ot Slapopég avtég TPoKLTTOVY AdY®
NG SLOKPLTIKNG IKAVOTNTOG TNG EIKOVOAG KOl TOPOLV VL
glvar éog +10 m ot SPOT 1 £15 m ot LANDSAT.
Qo61600, 01 emMdpdoelg Toug dev a&loAoyodvtal MG dtai-
TEPO CNUOVTIKES, EMEWN 0 PuBdC TG TEPLOYNG HEAETNG
petoforietar opord (BA. oynua 3).

e To &idog TV ypnoyomombéviav eiktpmv yia T peioon
Tov BopHfov, mTov eaiverol va gival Kot 1 GNUAVTIKOTEPN
YN SOUALATOC.

Amd tovg mivakeg 1 ko 2 eivor Leavig 1 ToAd KaAvTe-
pn anddoom TV ToAQacHoTIKGOV dedopévav SPOT, 1 onola

TPOPAVAG 0peideTan 1050 610 €id0g TOL BopvPov (LOVoV TG

Iivoxog 3:Zrotioukd yopoxtnpiotika fabuovounoemv kai twv ema-
AnBedoeav tovg, yia dedouéva LANDSAT kau yia fabn paxpotepo. 1 ioo.
v 9 m.

Table 3: Statistical characteristics of the model's calibration and
testing, for depths less than or equal to 9 m, using LANDSAT data.

s (m) r W1.T.0. 6 (m) % (<1 m)
M2 0.71 0.93 0.96 0.84 60
M3 0.68 0.92 0.73 0.57 77
M4 0.59 0.94 0.76 0.61 74

Hopeng “alatominepov”), mov eEupyns eiyav To dedopéva,
000 KOl OTNV EMTUYN UEI®ON TOL LE TN YPTON TOL YWOPIKOV
oidtpov 3X3.

H dropén molvmdokotepov BopOBov (“aAatominepo” Kot
Aoprdomoinon) ota dedopéva LANDSAT éxave dvokordte-
pn ™ pelwon tov. Amd TV TopoLGO EPAPLOYT TPOKVTTEL
oTL dgv givar duvatdv va tpotabel dpeoa Kamoto eidtpo (yo-
pwo M Fourier), mov vo peudvel 1o 06pufo amotehecpoTiKd
Yo 6AN TV TTEPLOYN.

Zopemva pe Toug mivaxeg 1 Kot 2 Kot ta oynpoate 9 £mg
kot 11, mpokvmtet 61t 1 Pabpovounon pe dedopéva LAND-
SAT kot gpappoyn tov @iltpov Butterworth éyet mv ko-
A0TEPN 0mOd0GT. Q0TOGO, 1| LEAET TOV SOYPOUUATOV TOV
160Bad®V aTOKAAVTTEL OTL 1] 0TOS00T] TNG TAPATAVE Padpo-
vounong agopd o Pabn péyxpt 9 m. H fabuovounon M2
pmopel va etvar Arydtepo amodoTiKY| 6€ GYEoT HE TG GAAEG
800, dumc divel amoteléopata Kot yio Babn peyordtepa tmv
9 m.

Zoppova pe tov mivaka 3, ylo to pikpd Badn, ot fabuo-
vounoeig M2, M3 kat M4 divouv Told Kodd omotelécpota
Kot pédota ovykpiowa pe ekeiva g M1. ‘Etot, povov yo
v mepoyn Pabodv péypt 9 m givar duvatdv va mpotabel g
koltepn Boabuovounon n M3 kot enopéveg o¢ amotele-
OUATIKOTEPO PIATPO, TO @ilTpo Butterworth.
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Abstract

In this paper the possibility of measuring depth in shallow sea area
by using multispectral LANDSAT and SPOT data integrated with
echo sounding and GPS data was investigated and evaluated.
Multispectral images of the N. Michaniona bay area were used. For
the same area the sea bottom was surveyed previously. GPS and
echo sounder were used for the acquisition of the position and the
depth of each surveying point. A multispectral bathymetry model
was used and was calibrated using data from either LANDSAT or
SPOT images. The calibrations were supported by known echo
sounding points and were tested for depth prediction at known
sounding positions not used in the calibration procedure. Finally,
the effectiveness of the LANDSAT and SPOT images in multispec-
tral bathymetry applications was evaluated.

1. INTRODUCTION

The need for a fast and in bulk measuring of depths, as
well as fast updating of navigational charts, has led many
scientists since the late 60’s to develop remote sensing tech-
niques for bathymetry in shallow and clear sea waters [12,
13, 14, 15, 24, 25, 26, 29, 30]. Since then many researchers
dealt with the subject and used the following remote sensed
data: MSS multispectral images [2, 14], TM multispectral
images [4, 19, 20, 28, 29, 30] multispectral and panchroma-
tic SPOT images [5, 6, 7], and airborne multispectral data
[16, 27]. The bathymetric model in use was calibrated using
depth points from existing bathymetric maps [4, 5, 19, 20,
28] or depth points coming from a lidar system [16]. In this
paper, the Lyzenga bathymetry model [16] was used and the
aim was the improvement of the accuracy of depths, which
are estimated through that model. For this purpose the fol-
lowing procedures took place:

o Both Landsat and Spot data were used in order their effec-

tiveness in multispectral bathymetry to evaluate.
Submitted: June 15, 1999 Accepted: Jan. 19, 2000

e The image resampling, as well as the image enchancment,
were accomplished through several techniques in order to
evaluate their impact on the images’ effectiveness. The
resampling was accomplished using the nearest neigh-
bour and the bicubic interpolation techniques and the
image enchancment using low pass spatial as well as
Fourier filters.

® The bathymetry model was calibrated and tested using
bathymetry points, which came from GPS and echo
sounder. In this way, errors stemming from the use of old
and unknown accuracy depths were eliminated.

The study area is the N. Michaniona bay of the Prefecture
of Thessaloniki (fig. 1). In the study area the water is clear
and the bottom is smooth and sandy. The sea bottom survey
preceded the image analysis and took place in July 1997. A
total of 719 depths with an accuracy of about 10 cm were
acquired, as well as their horizontal coordinates with an
accuracy of about 1-2 cm. The LANDSAT image was from
October 1986 and the SPOT image from April 1993. For the
completion of the study the software packages
Imagine/ERDAS, Minitab, Surfer and Ski (Leica/Wild) were
used.

2. ECHO SOUNDING BATHYMETRY

The procedure of the depth measurements begins with the
GPS receivers programming. The accuracy of the GPS
results depends directly on the number of satellites that are
above the horizon and their geometrical formation. One GPS
receiver was programmed to function according to the static
method at a recording rate of 5". The second receiver was
programmed to function with the kinematic method at the
same recording rate.
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In figure 2, the sounding lines, that are also the boat’s
route, are depicted. In every chosen position of the route, the
echo sounder user read the depth while the GPS receiver user
read the corresponding echo of the measurement. The recor-
ding rate of the depth measurements was 150/h. This rate
depends on the boat’s speed, the bottom’s morphology and
the weather conditions. During this specific procedure the
boat’s speed was Skm/h and the weather conditions were very
good.

In figure 3, the sounding depth contours are depicted.

3. MULTISPECTRAL BATHYMETRY

3.1. The processing of the images

The multispectral SPOT and LANDSAT images were
rectified through an affine transformation to the UTM coor-
dinate system, which was also the coordinate system of the
GPS measurements. In all SPOT bands, there was a non-
significant amount of “salt and pepper” noise, which was
reduced by using a spatial convolution low pass filter 3X3. In
band 1 of the LANDSAT image there was a significant
amount of “salt and pepper”, while in bands 2 and 3 there was
also strong banding. The low pass Fourier filters, Hanning
and Butterworth, as well as the low pass spatial convolution
filter 7X7, were tested for the most effective noise reduction
(see fig. 4 and fig. 5)

3.2. Multispectral Bathymetry

The water depth can be estimated by using the bathymet-
ric model described by relation (3.1). This relation expresses
the multiple regression [36] between the depth z and the vari-
ants Xi given by relation (3.2)

3.3. Calibration and testing of the bathymetric model

In this paper, the model described by (3.1) was used for
n=3. For the model’s calibration a set of 183 of the 719 echo
sounding points were used. The points covered the study area
uniformly and were chosen so that distances between them
were longer than the spatial resolution of the multispectral
images. Since the data coming from the nearest neighbourh
resampling was almost identical to the data coming from the
bicubic interpolation, only the latter were used for the cali-
bration of the model. There were four different calibrations of
the model, as follows:

e M1 from SPOT data filtered by the 3X3 spatial low pass
filter.

e M2 from Landsat data filtered by the 7X7 low pass spa-
tial filter.

e M3 from LANDSAT data filtered with a low pass Butter-
worth filter.

e M3 from LANDSAT data filtered with a low pass Han-
ning filter.

The statistical characteristics of the four models are depic-
ted in table 1. The calibrations were tested by using a second
set of 185 echo sounding depths at known positions (see figs
7, 8,9, 10, 11). The statistical characteristics of the cali-
brations testing are depicted in table 2. In figures 12, 13, 14
and 15 the bathymetric naps coming from depths estimated
from the four calibrations are depicted. In figures 14 and 15
it is clear that filters Hanning and Butterworth favour the
model’s calibration for depths up to only 9 m. For this reason,
new calibrations of the model with LANDSAT data were
accomplished for depths up to 9 m. The statistical charac-
teristics of each calibration and its testing are depicted in
table 3.

4. CONCLUSIONS

The model’s calibration was supported by known points
of high horizontal and depth accuracy. It was also observed
that the resampling method does not affect the calibration’s
results. Due to the above, the remaining error sources can be:

o The difference between the position of an echo sounding
point and the corresponding position on the image due to
the image’s spatial resolution. This source is not considered
as a significant one, since the sea bottom changes smooth-
ly (fig. 3)

o The ineffectiveness of the filters used for the noise reduc-
tion
The SPOT data seemed to be more appropriate for multi-

spectral bathymetry applications than the LANDSAT data,

because they had much less noise, which was significantly
reduced. On the other hand the LANDSAT data filtered by
the Butterworth low pass filter responded sufficiently for

clear waters with depth up to 9 m.
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