
Ðåñßëçøç

Óôçí åñãáóßá áõôÞ äéåñåõíÞèçêå êáé åêôéìÞèçêå ç äõíáôüôçôá ìÝôñç-

óçò ôïõ âÜèïõò ñç÷þí èáëáóóßùí íåñþí ìå ôç ÷ñÞóç ðïëõöáóìá-

ôéêþí äåäïìÝíùí áðü åéêüíåò ôùí äïñõöüñùí LANDSAT êáé SPOT,

óå óõíäõáóìü ìå âáèõìåôñéêÜ äåäïìÝíá ðñïåñ÷üìåíá áðü ç÷ïâüëé-

óç êáé GPS. ×ñçóéìïðïéÞèçêáí ðïëõöáóìáôéêÝò åéêüíåò ôçò èáëÜó-

óéáò ðåñéï÷Þò ôïõ êüëðïõ ôçò ÍÝáò Ìç÷áíéþíáò ôïõ Íïìïý Èåóóá-

ëïíßêçò. Ãéá ôçí ßäéá ðåñéï÷Þ ðñïçãÞèçêå ç áðïôýðùóç ôïõ èáëÜó-

óéïõ ðõèìÝíá ìå ôç âïÞèåéá GPS ãéá ôïí ðñïóäéïñéóìü ôçò ïñéæü-

íôéáò èÝóçò êáé ç÷ïâïëéóìïý ãéá ôïí ðñïóäéïñéóìü ôïõ âÜèïõò. ×ñç-

óéìïðïéÞèçêå ðïëõöáóìáôéêü âáèõìåôñéêü ìïíôÝëï, ïé âáèìïíï-

ìÞóåéò ôïõ ïðïßïõ ðñïÝêõøáí áðü äåäïìÝíá ôùí äýï åéêüíùí êáé

âáóßóôçêáí óå âáèõìåôñéêÜ óçìåßá ôïõ ç÷ïâïëéóìïý. Ï Ýëåã÷ïò ôùí

âáèìïíïìÞóåùí Ýãéíå ìå ðñüâëåøç âáèþí óå èÝóåéò ç÷ïâïëéóôéêþí

óçìåßùí, ôá ïðïßá äåí ìåôåß÷áí óå áõôÝò. ÔÝëïò, åêôéìÞèçêå ç áðïôå-

ëåóìáôéêüôçôá ôùí åéêüíùí SPOT êáé LANDSAT óå âáèõìåôñéêÝò

åöáñìïãÝò.

1. ÅÉÓÁÃÙÃÇ 

H áíÜãêç ãéá ôç ãñÞãïñç äçìéïõñãßá êáé ôçí åíçìÝñùóç

íáõôéêþí ÷áñôþí ãéá ðåñéï÷Ýò ñç÷þí õäÜôùí ïäÞãçóå, áðü

ôá ôÝëç ôçò äåêáåôßáò ôïõ 1960, åñåõíçôÝò ôïõ Éíóôéôïýôïõ

Ðåñéâáëëïíôéêþí Ìåëåôþí ôïõ Michigan [âë. 12, 13, 14, 15,

24, 25, 26, 29, 30] óôçí áíÜðôõîç âáèõìåôñéêÞò èåùñßáò ìå

ôçëåðéóêüðçóç. Ç èåùñßá áõôÞ âáóßóôçêå óôéò ïðôéêÝò éäéü-

ôçôåò ôçò çëåêôñïìáãíçôéêÞò áêôéíïâïëßáò óå ó÷Ýóç ìå ôï

âõèü êáé ìå ôï óþìá ôïõ íåñïý, ôï ïðïßï èåùñÞèçêå äéáõãÝò

[âë. êáé 3, 31]. Óôéò åðüìåíåò äåêáåôßåò ðïëëïß åñåõíçôÝò

åöÞñìïóáí ôo èåùñçôéêü ìïíôÝëï, ÷ñçóéìïðïéþíôáò ôçëåðé-

óêïðéêÜ ðïëõöáóìáôéêÜ äåäïìÝíá. ÓõãêåêñéìÝíá, ÷ñçóéìï-

ðïéÞèçêáí äïñõöïñéêÝò ðïëõöáóìáôéêÝò åéêüíåò MSS [2, 4],

ÔÌ [4, 19, 20, 28, 29, 30] êáé SPOT [5] äïñõöïñéêÝò ðáã-

÷ñùìáôéêÝò åéêüíåò SPOT [5, 6, 7] êáé ðïëõöáóìáôéêÜ äåäï-

ìÝíá áðü áÝñïò [16, 27]. Ôá âáèõìåôñéêÜ ìïíôÝëá âáèìï-

íïìÞèçêáí êõñßùò ìå ãíùóôÜ óçìåßá ðïõ ðñïÞëèáí áðü

âáèõìåôñéêïýò ÷Üñôåò [4, 5, 19, 20, 28] êáé ìå âÜèç ðñïåñ-

÷üìåíá áðü óýóôçìá Lidar [16].

Óôçí ðáñïýóá åñãáóßá ÷ñçóéìïðïéÞèçêå ôï âáèõìåôñéêü

ìïíôÝëï ôïõ Lyzenga [16] êáé ôï åñåõíçôéêü åíäéáöÝñïí åðé-

êåíôñþèçêå óôç âåëôßùóç ôçò áêñßâåéáò ðñïóäéïñéóìïý ôùí

âáèþí, ðïõ ðñïêýðôïõí áðü ðïëõöáóìáôéêÞ âáèõìåôñßá Ãéá

ôçí åðßôåõîç ôïõ óêïðïý áõôïý Ýãéíáí ïé ðáñáêÜôù äéáäéêá-

óßåò:

l ×ñçóéìïðïéÞèçêáí ðïëõöáóìáôéêÜ äåäïìÝíá LAND-

SAT êáé SPOT, ãéá íá åêôéìçèåß ç áðïôåëåóìáôéêüôçôá

ôçò êÜèå åéêüíáò óôç äéáäéêáóßá ôçò ðïëõöáóìáôéêÞò

âáèõìåôñßáò.

l Ìå óêïðü ôïí åíôïðéóìü ôïõ âáèìïý åðßäñáóçò ôùí ôå-

÷íéêþí ôçò åðáíáäåéãìáôïëçøßáò êáé ôùí ôå÷íéêþí ôçò

âåëôßùóçò óôï ôåëéêü áðïôÝëåóìá, ç ìåí åðáíáäåéãìá-

ôïëçøßá êáé ôùí äýï åéêüíùí ìåôÜ ôçí áíáãùãÞ ôïõò óôï

÷áñôïãñáöéêü óýóôçìá Ýãéíå ìå äýï ìåèüäïõò, åêåßíç

ôïõ ðëçóéÝóôåñïõ ãåéôïíéêïý óçìåßïõ êáé åêåßíç ôçò

äéêõâéêÞò ðáñåìâïëÞò, ç äå âåëôßùóÞ ôïõò ìå ôç ÷ñÞóç

÷áìçëïðåñáôþí ÷ùñéêþí ößëôñùí êáé ÷áìçëïðåñáôþí

ößëôñùí Fourier.

l Äüèçêå éäéáßôåñç âáñýôçôá óôç âáèìïíüìçóç êáé ôïí Ý-

ëåã÷ï ôïõ âáèõìåôñéêïý ìïíôÝëïõ. Êáé óôéò äýï áõôÝò äéá-

äéêáóßåò ÷ñçóéìïðïéÞèçêáí âáèõìåôñéêÜ óçìåßá, ðïõ

ðñïÝêõøáí áðü ç÷ïâïëéóôéêÞ óõóêåõÞ óå óõíäõáóìü ìå

GPS ãéá ôïí ðñïóäéïñéóìü ôçò ïñéæïíôéïãñáöéêÞò èÝóçò

ôïõò. ¸ôóé, áðïöåý÷èçêå ç ÷ñÞóç âáèþí áðü ôïõò ðáëé-

ïýò, ìéêñÞò êëßìáêáò êáé ÜãíùóôÞò áêñßâåéáò, õðÜñ÷ï-

íôåò âáèõìåôñéêïýò ÷Üñôåò ãéá ôïí åëëáäéêü ÷þñï [âë.

16, 17]. Áõôü åß÷å ùò áðïôÝëåóìá íá ìçí õößóôáíôáé

ðëÝïí äýï áðü ôéò ðéï óçìáíôéêÝò ðçãÝò óöÜëìáôïò, ðïõ

åßíáé ç ÷ñÞóç âáèõìåôñéêþí óçìåßùí Üãíùóôçò áîéïðé-

óôßáò êáé ôï ìåãÜëï ÷ñïíéêü äéÜóôçìá áíÜìåóá óôç óõë-
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ëïãÞ ôùí âáèõìåôñéêþí óçìåßùí ôïõ ÷Üñôç êáé óôç óõë-

ëïãÞ ôùí ðïëõöáóìáôéêþí äåäïìÝíùí [âë. 19, 20].

Ç ìåëÝôç áöïñÜ óôç èáëÜóóéá ðåñéï÷Þ ôçò ÍÝáò Ìç÷á-

íéþíáò ôïõ Íïìïý Èåóóáëïíßêçò (ó÷Þìá 1), üðïõ ï âõèüò

åßíáé ïìáëüò, áììþäçò êáé ôï íåñü äéáõãÝò. ÐñïçãÞèçêå ç

áðïôýðùóç ôïõ èáëÜóóéïõ ðõèìÝíá ìå ç÷ïâüëéóç êáé GPS

ãéá âÜèç ìÝ÷ñé 15 m. Ïé ìåôñÞóåéò Ýãéíáí ôïí Éïýëéï ôïõ

1997 [âë. 37]. ÓõëëÝ÷èçêáí óõíïëéêÜ 719 ìåôñÞóåéò âáèþí

êáé ïñéæüíôéáò èÝóçò óå ðåñßðïõ 5 þñåò ìåôñçôéêÞò äéáäéêá-

óßáò.

Ç ç÷ïâïëéóôéêÞ âáèõìåôñßá Ýãéíå ìå ôç ÷ñÞóç ç÷ïâïëé-

óôéêÞò óõóêåõÞò, ôýðïõ CODEN CVS106 êáé Ýíá æåýãïò

äåêôþí ôïõ äïñõöïñéêïý óõóôÞìáôïò GPS. ×ñçóéìïðïéÞ-

èçêáí Ýíá æåýãïò äåêôþí äýï óõ÷íïôÞôùí ôçò Leica/Wild

System 300 êáé ç êéíçìáôéêÞ ó÷åôéêÞ ìÝèïäïò ìÝôñçóçò.

Óýìöùíá ìå áõôÞí, ï Ýíáò äÝêôçò (êýñéïò) ðáñÝìåéíå óôç

óôåñéÜ êåíôñùìÝíïò óå óôáèåñü (ãíùóôü) óçìåßï êáé ï äåý-

ôåñïò ôïðïèåôÞèçêå óôï óêÜöïò. Ç äéáäéêáóßá ìÝôñçóçò

[âë. êáé 1, 22] ðåñéãñÜöåôáé óôçí åðüìåíç ðáñÜãñáöï. Ç åóù-

ôåñéêÞ áêñßâåéá ðñïóäéïñéóìïý ôùí âáèþí Ýöôáóå ôá 10 cm.

Ç ïñéæïíôéïãñáöéêÞ èÝóç ðñïóäéïñßóôçêå ìå ôçí êéíç-

ìáôéêÞ ìÝèïäï êáé ìå áêñßâåéá ôçò ôÜîçò ôùí 1-2 cm ± 2ppm

[17, 34]. Ç ðñïóäéïñéæüìåíç èÝóç áíáöÝñåôáé óôï óýóôçìá

óõíôåôáãìÝíùí UTM.

Ç åéêüíá LANDSAT, ðïõ ÷ñçóéìïðïéÞèçêå, åß÷å çìåñï-

ìçíßá ëÞøçò ôçí 4ç Ïêôùâñßïõ 1986 êáé ç SPOT ôçí 4ç

Áðñéëßïõ 1993. 

Ãéá ôçí ïëïêëÞñùóç ôçò ìåëÝôçò ÷ñçóéìïðïéÞèçêáí ôá

ëïãéóìéêÜ ðáêÝôá:

l Imagine/ERDAS ãéá ôçí åðåîåñãáóßá ôùí åéêüíùí.

l Minitab ãéá ôç âáèìïíüìçóç êáé åðáëÞèåõóç ôïõ âáèõ-

ìåôñéêïý ìïíôÝëïõ.
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Ó÷Þìá 1: Ç ðåñéï÷Þ ìåëÝôçò óôç Í. Ìç÷áíéþíá. 

Figure 1: The study area in N. Michaniona.

l Surfer ãéá ôç äçìéïõñãßá äéáãñáììÜôùí éóïâáèþí. 

l Ski (Leica/Wild) ãéá ôçí åðåîåñãáóßá ôùí äïñõöïñéêþí

óôïé÷åßùí ôïõ GPS.

2. Ç×ÏÂÏËÉÓÔÉÊÇ ÂÁÈÕÌÅÔÑÉÁ 

Ç äéáäéêáóßá ôùí ìåôñÞóåùí îåêéíÜ ìå ôïí ðñïãñáììá-

ôéóìü ôùí äåêôþí GPS, ç äå áêñßâåéá ôùí áðïôåëåóìÜôùí

åîáñôÜôáé Üìåóá ôüóï áðü ôï ðëÞèïò ôùí äïñõöüñùí, ðïõ

âñßóêïíôáé ðÜíù áðü ôïí ïñßæïíôá, üóï êáé áðü ôïí éäáíéêü

ãåùìåôñéêü ó÷çìáôéóìü ôïõò óôïí ïõñáíü. ÌåôÜ áðü ìå-

ëÝôç ôïõò åðéëÝ÷èçêå ç êáôÜëëçëç ÷ñïíéêÞ ðåñßïäïò ôùí

ìåôñÞóåùí. Óôç óõãêåêñéìÝíç åñãáóßá ï Ýíáò äÝêôçò ðñï-

ãñáììáôßóôçêå íá ìåôñÜ áêïëïõèþíôáò ôç óôáôéêÞ ìÝèïäï

ìå ñõèìü êáôáãñáöÞò ôùí óçìÜôùí ôá 5´. Ï äåýôåñïò äÝ-

êôçò ðñïãñáììáôßóôçêå íá ìåôñÜ ìå ôçí êéíçìáôéêÞ ìÝèïäï,

áêïëïõèþíôáò ôïí ßäéï ñõèìü êáôáãñáöÞò.

Óôï ó÷Þìá 2 öáßíïíôáé ïé ç÷ïâïëéóôéêÝò ãñáììÝò, ïé ï-

ðïßåò õëïðïéïýí ôçí ðïñåßá ðïõ áêïëïýèçóå ôï óêÜöïò. 

Óå êÜèå èÝóç, ç Ýíäåéîç ôçò ïèüíçò ôçò ç÷ïâïëéóôéêÞò

óõóêåõÞò êáôá÷ùñßóôçêå ôáõôü÷ñïíá ìå ôçí åðï÷Þ ôçò ìÝ-

ôñçóçò, äçëáäÞ ôï ÷ñïíéêü äéÜóôçìá ôçò ìÝôñçóçò ôïõ GPS.

Ï ñõèìüò êáôáãñáöÞò ôùí ìåôñÞóåùí Ýöôáóå ôéò 150 óå

äéÜóôçìá ìßáò þñáò. Ï áñéèìüò ôùí ìåôñÞóåùí áíÜ þñá

åîáñôÜôáé ïõóéáóôéêÜ áðü ôçí ïìáëÞ Þ ü÷é ðïñåßá ôïõ óêÜ-

öïõò, ôç ìïñöïëïãßá ôïõ ðõèìÝíá êáé ôçí éêáíüôçôá ôïõ

óõíåñãåßïõ ìåôñÞóåùí. ¸íá åðßóçò ðñüâëçìá, ôõ÷áßïõ ü-

ìùò ÷áñáêôÞñá, åßíáé ïé êáéñéêÝò óõíèÞêåò. Ç ïñèÞ ëåéôïõñ-

ãßá ôçò ç÷ïâïëéóôéêÞò óõóêåõÞò åßíáé åöéêôÞ ìüíï óå êáôá-

óôÜóåéò íçíåìßáò. Ïé äéáôáñÜîåéò áðü ôïõò êõìáôéóìïýò

êáèéóôïýí áäýíáôç ôç ìåôñçôéêÞ äéáäéêáóßá, Þ, üôáí áõôÞ

åßíáé åöéêôÞ, ôá áðïôåëÝóìáôá äåí ìðïñïýí íá èåùñçèïýí

áîéüðéóôá. Óôç óõãêåêñéìÝíç ðåñßðôùóç ïé êáéñéêÝò óõíèÞ-

êåò Þôáí ðïëý êáëÝò.

Ó÷Þìá 2: Ç ðïñåßá ðïõ äéÝãñáøå ôï óêÜöïò. Äéáêñßíïíôáé ïé ç÷ïâï-

ëéóôéêÝò ãñáììÝò.

Figure 2: The boat�s route. The echo sounding lines are depicted.



Óôéò ðáñáìÝôñïõò åéóáãùãÞò ðñïâëçìÜôùí êáôÜ ôç

äéÜñêåéá ôùí ìåôñÞóåùí ðñÝðåé íá óõìðåñéëçöèåß êáé ç

ðïñåßá ôïõ óêÜöïõò. Áðü ôç óõãêåêñéìÝíç åöáñìïãÞ ðáñá-

ôçñÞèçêå üôé ïìáëÞ ðïñåßá ôïõ óêÜöïõò ìå ìéêñÞ êáé óôá-

èåñÞ ôá÷ýôçôá (5 km/h) âåëôéóôïðïéåß ôç ìåôñçôéêÞ äéá-

äéêáóßá. ÂÝâáéá, ç ìéêñÞ ôá÷ýôçôá áõîÜíåé óçìáíôéêÜ ôï

÷ñüíï ôùí ìåôñÞóåùí. ÔÝëïò, áêüìç Ýíá óçìáíôéêü ðñüâëç-

ìá êáôÜ ôéò ìåôñÞóåéò åßíáé ç ðåñßðôùóç íá ÷áèåß ôï óÞìá

áðü ôïõò äïñõöüñïõò, ïðüôå ðñÝðåé íá åðáíáëçöèåß ç äéá-

äéêáóßá ôçò åêêßíçóçò. 

Óôï ó÷Þìá 3 öáßíïíôáé ïé éóïâáèåßò, üðùò ðñïÝêõøáí

áðü ôçí ç÷ïâïëéóôéêÞ âáèõìåôñßá.

3. ÐÏËÕÖÁÓÌÁÔÉÊÇ ÂÁÈÕÌÅÔÑÉÁ 
3.1. Ðñïåôïéìáóßá ôùí åéêüíùí

Ïé ðïëõöáóìáôéêÝò åéêüíåò SPOT êáé LANDSAT áíÞ-

÷èçêáí ìÝóù áöéíéêïý ìåôáó÷çìáôéóìïý [ âë. 21, 33] óôï

óýóôçìá UTM, ôï ïðïßï Þôáí êáé ôï óýóôçìá ôùí ïñéæïíôé-

ïãñáöéêþí èÝóåùí ôùí ç÷ïâïëéóôéêþí óçìåßùí. Ãéá ôïõò

ëüãïõò ðïõ áíáöÝñèçêáí óôçí §1, ç åðáíáäåéãìáôïëçøßá Ý-

ãéíå ìå ôç ìÝèïäï ðáñåìâïëÞò ôïõ ðëçóéÝóôåñïõ ãåéôïíéêïý

óçìåßïõ êáé ìå ôç ìÝèïäï ôçò äéêõâéêÞò ðáñåìâïëÞò [âë.

33]. Áêïëïýèçóå ç ìåßùóç ôïõ õðÜñ÷ïíôïò èïñýâïõ óôéò á-

íçãìÝíåò åéêüíåò ìå ôçí åöáñìïãÞ ôùí éäßùí ößëôñùí ôüóï

óôï áðïôÝëåóìá ôçò ìåèüäïõ ôïõ ðëçóéÝóôåñïõ óçìåßïõ üóï

êáé ôçò äéêõâéêÞò ðáñåìâïëÞò.

¼ëïé ïé äßáõëïé ôçò ðïëõöáóìáôéêÞò åéêüíáò SPOT ðá-

ñïõóßáæáí èüñõâï ìå ôç ìïñöÞ �áëáôïðßðåñïõ� (salt and

pepper) [âë. 9, 10, 32]. Ãéá ôç ìåßùóç ôïõ èïñýâïõ êñßèçêå

áðïôåëåóìáôéêÞ ç ÷ñÞóç ôïõ ÷ùñéêïý ÷áìçëïðåñáôïý ößë-

ôñïõ 3x3 [ âë. 9, 32] (ó÷Þìá 4).
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Ó÷Þìá 3: ÄéÜãñáììá éóïâáèþí áðü ìåôñÞóåéò ç÷ïâïëéóôéêÞò

óõóêåõÞò êáé GPS.

Figure 3: Depth contours according to measurements from the echo

sounder and the GPS.

Ó÷Þìá 4: ÔïìÞ ôùí äéáýëùí 1, 2 êáé 3 ôçò åéêüíáò SPOT ðñéí (ëå-

ðôÞ ãñáììÞ) êáé ìåôÜ (Ýíôïíç ãñáììÞ) ôçí åöáñìïãÞ ôïõ ÷ùñéêïý

÷áìçëïðåñáôïý ößëôñïõ 7×7. 

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. 

Ï äßáõëïò 1 ôçò ðïëõöáóìáôéêÞò åéêüíáò LANDSAT ðá-

ñïõóßáæå èüñõâï ìïñöÞò �áëáôïðßðåñïõ�, åíþ ïé 2 êáé 3

óçìáíôéêü ðåñéïäéêü èüñõâï ìå ôç ìïñöÞ Ýíôïíçò ëùñéäï-

ðïßçóçò (stripping) [ âë. 9, 10, 32]. Ãéá ôç ìåßùóç ôïõ èïñý-

âïõ åöáñìüóôçêå ôï ÷áìçëïðåñáôü ÷ùñéêü ößëôñï 7x7, ôï

ïðïßï ãéá ôéò ìéêñÝò ðåñéï÷Ýò ôùí âáèõìåôñéêþí åöáñìïãþí

öáßíåôáé íá åßíáé áðïôåëåóìáôéêü ôüóï ãéá ôïí ðåñéïäéêü

üóï êáé ãéá ôïí ìç ðåñéïäéêü èüñõâï [âë. 9, 11, 18, 19, 32]

(ó÷Þìá 5). Åðßóçò, ãéá ôçí áíôéìåôþðéóç ôçò ðåñéïäéêüôçôáò

ôïõ èïñýâïõ äïêéìÜóôçêáí äýï áíôéðñïóùðåõôéêÜ ößëôñá

Fourier, êáé óõãêåêñéìÝíá ôï ößëôñï Butterworth êáé ôï ößë-

ôñï Hanning [ 9]. Ôá ìåãÝèç ôùí áêôßíùí ôùí ößëôñùí ðñï-

Ýêõøáí ìå âÜóç ôç ìïñöÞ ôùí öáóìÜôùí ôïõ äéäéÜóôáôïõ

ìåôáó÷çìáôéóìïý Fourier ôùí äéáýëùí [8] (ó÷Þìá 5). 

3.2. Ðïëõöáóìáôéêü âáèõìåôñéêü ìïíôÝëï

Ôï âÜèïò ôïõ íåñïý z ìðïñåß íá ãñáöåß ùò ï ãñáììéêüò

óõíäõáóìüò ôùí Xi üëùí ôùí ÷ñçóéìïðïéïýìåíùí äéáýëùí

ôçò åéêüíáò ùò åîÞò [19, 20, 28]:

ìå i = 1, n (3.1)z a a X0 i i

i 1

n

= +
=
∑



Ôï Xi äßíåôáé áðü ôç ó÷Ýóç:

(3.2)

üðïõ:

i: Ýíáò äßáõëïò.

Li: ç áêôéíïâïëßá ãéá Ýíá äßáõëï i, ç ïðïßá êáôáãñÜöåôáé

áðü Ýíáí ðïëõöáóìáôéêü äÝêôç.

Lw(i): åßíáé ç áêôéíïâïëßá ðÜíù áðü ôá âáèéÜ íåñÜ óôï äßáõ-

ëï i.

L0(i): åßíáé ìßá óõíÜñôçóç ôçò çëéáêÞò áêôéíïâïëßáò êáé

éóïýôáé ìå 1 [3].

Lb(i): åßíáé ç áêôéíïâïëßá âõèïý óôï äßáõëï i.

ki: åßíáé ï óõíôåëåóôÞò åîáóèÝíçóçò óôï äßáõëï i.

f: åßíáé ï óõíôåëåóôÞò ðïõ ðåñéãñÜöåé ôï ìÞêïò ôçò äéá-

äñïìÞò ôçò áêôéíïâïëßáò ìÝóá óôï íåñü êáé óõíÞèùò

äßíåôáé ßóïò ìå 2 [3].

z: åßíáé ôï âÜèïò ôïõ íåñïý.

Ç ó÷Ýóç (3.1) åêöñÜæåé ôç ãñáììéêÞ ðáëéíäñüìçóç [âë.

36] ìåôáîý ôùí âáèþí z êáé ôùí ìåôáâëçôþí Xi. Ï óôáèå-

X ln(L L ) ln(L ) ln(L ) k zi i w(i) (i) b(i) i= − = + −0 f
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Ó÷Þìá 5: ÔïìÞ ôïõ äéáýëïõ 2 ôçò åéêüíáò LANDSAT ðñéí (ëåðôÞ

ãñáììÞ) êáé ìåôÜ (Ýíôïíç ãñáììÞ) ôçí åöáñìïãÞ ôïõ ÷ùñéêïý ÷áìç-

ëïðåñáôïý ößëôñïõ 7×7 (a), ôïõ ößëôñïõ Butterworth (â) êáé ôïõ ößë-

ôñïõ Hanning (ã).

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).

ñüò óõíôåëåóôÞò a0 åßíáé óõíÜñôçóç ôùí óõíôåëåóôþí åîá-

óèÝíçóçò ki êáé ïé óõíôåëåóôÝò ai åßíáé óõíáñôÞóåéò ôùí ki,

ôùí L0(i) êáé ôùí áêôéíïâïëéþí âõèïý Lb(i) [19, 20].

3.3. ÂáèìïíïìÞóåéò ôïõ âáèõìåôñéêïý ìïíôÝëïõ êáé 

åðáëçèåýóåéò ôùí âáèìïíïìÞóåùí

Óôçí ðáñïýóá åñãáóßá ÷ñçóéìïðïéÞèçêáí ïé ïñáôïß äßá-

õëïé 1, 2, 3 êáé óôéò äýï åéêüíåò [âë. 19, 20, 28]. 

Ç åðéëïãÞ ôùí óçìåßùí âáèìïíüìçóçò Ýãéíå Ýôóé, þóôå

ôá óçìåßá íá êáëýðôïõí ïìïéüìïñöá üëç ôçí ðåñéï÷Þ ìåëÝ-

ôçò êáé óå áðïóôÜóåéò ìåãáëýôåñåò áðü ôéò ÷ùñéêÝò áíáëý-

óåéò ôùí äïñõöüñùí SPOT êáé LANDSAT (20m êáé 30m

áíôßóôïé÷á). ×ñçóéìïðïéÞèçêáí 183 óçìåßá áðü ôá 719 ôçò

ç÷ïâïëéóôéêÞò óå ìßá ìÝóç ìåôáîý ôïõò áðüóôáóç ðåñßðïõ

60 m. Ãéá ëüãïõò óýãêñéóçò, óå üëåò ôéò âáèìïíïìÞóåéò ôïõ

ìïíôÝëïõ ÷ñçóéìïðïéÞèçêáí ôá ßäéá óçìåßá, ôùí ïðïßùí ôá

âÜèç êõìáßíïíôáí áðü 1.9 ùò 14.3 m (ó÷Þìá 6).

Ãéá üëá ôá äåäïìÝíá ùò ôéìÞ Lw(i) óå êÜèå äßáõëï ÷ñç-

óéìïðïéÞèçêå ç ôéìÞ Ýíôáóçò ôïõ óçìåßïõ áðïêïðÞò ôïõ

éóôïãñÜììáôïò ôïõ áíôßóôïé÷ïõ äéáýëïõ óôéò ÷áìçëüôåñåò

ôéìÝò [2, 19, 20] (âë. ðßíáêá 1). 

Ôá äåäïìÝíá êáé ôùí äýï åéêüíùí, ôá ïðïßá ðñïÞëèáí á-

ðü ôçí åöáñìïãÞ ôçò ìåèüäïõ åðáíáäåéãìáôïëçøßáò ôïõ

ðëçóéåóôÝñïõ óçìåßïõ, äåí åß÷áí óçìáíôéêÞ äéáöïñÜ áðü ôá

áíôßóôïé÷á ôçò äéêõâéêÞò êáé Ýôóé äåí ÷ñçóéìïðïéÞèçêáí

óôéò âáèìïíïìÞóåéò [37].

ÌåôÜ áðü äéáäï÷éêÝò ðáëéíäñïìÞóåéò êáé ôçí áðïìÜ-

êñõíóç ôùí âáèõìåôñéêþí óçìåßùí, ãéá ôá ïðïßá ôá åêôé-

ìçèÝíôá âÜèç ðáñïõóßáæáí ìåãÜëç äéáöïñÜ áðü ôá áñ÷éêÜ,

ðñïÝêõøáí ïé âáèìïíïìÞóåéò ðïõ öáßíïíôáé óôïí ðßíáêá 1.

Ãéá êÜèå ðåñßðôùóç äßíïíôáé ç ôõðéêÞ áðüêëéóç ôçò ðáëéí-

äñüìçóçò s, ç óõó÷Ýôéóç r [âë. 36] êáé ôï ðëÞèïò Í ôùí óç-

ìåßùí âÜóåé ôùí ïðïßùí Ýãéíå ôåëéêÜ ç êÜèå âáèìïíüìçóç

(ðßíáêáò 1).

Ãéá ôçí åðáëÞèåõóç ôùí âáèìïíïìÞóåùí ÷ñçóéìïðïéÞ-

èçêáí 185 ìåôñÞóåéò ôçò ç÷ïâïëéóôéêÞò ìåèüäïõ, ðïõ äåí

óõììåôåß÷áí óôç äéáäéêáóßá ôçò âáèìïíüìçóçò. Ôá 185

óçìåßá åðåëÝãçóáí Ýôóé, þóôå íá êáôáíÝìïíôáé êáíïíéêÜ óå

üëç ôçí ðåñéï÷Þ ìåëÝôçò. Óôï ó÷Þìá 7 öáßíåôáé üôé ôá âÜèç

ôùí óçìåßùí áõôþí êõìáßíïíôáí áðü 1 Ýùò 14 m.

Óôïí ðßíáêá 2 äßíïíôáé ç ìÝóç ôéìÞ ôùí áðoëýôùí ôéìþí

ôùí äéáöïñþí (ì.ô.ä.) ìåôáîý ôïõ âÜèïõò ôçò ç÷ïâïëéóôéêÞò

êáé ôïõ ðñïâëåðüìåíïõ áðü ôï ìïíôÝëï âÜèïõò óå êÜèå

óçìåßï åðáëÞèåõóçò, ç ôõðéêÞ áðüêëéóç ó ôçò ì.ô.ä. êáé ôï

åðß ôïéò åêáôü ðïóïóôü ôùí óçìåßùí, ôùí ïðïßùí ïé áðüëõ-

ôåò ôéìÝò ôùí äéáöïñþí Þôáí êÜôù áðü Ýíá ìÝôñï. Óôá ó÷Þ-

ìáôá 8, 9, 10 êáé 11 öáßíåôáé üôé óå üëåò ôéò ðåñéðôþóåéò ç

êáëýôåñç åðáëÞèåõóç ãßíåôáé óôá ìéêñÜ âÜèç. 

Óôá ó÷Þìáôá 12, 13, 14 êáé 15 äßíïíôáé ïé âáèõìåôñéêïß

÷Üñôåò ôçò ðåñéï÷Þò ìåëÝôçò, ïé ïðïßïé ó÷åäéÜóôçêáí ìå âÜ-



èç ôùí óçìåßùí åðáëÞèåõóçò, ôá ïðïßá ðñïÞëèáí áðü ôá

ðïëõöáóìáôéêÜ äåäïìÝíá ìÝóù ôùí âáèìïíïìÞóåùí Ì1,

Ì2, Ì3 êáé Ì4.

Áðü ôçí ðáñáôÞñçóç ôùí âáèõìåôñéêþí ÷áñôþí ôùí

ó÷çìÜôùí 14 êáé 15 öáßíåôáé üôé ç åöáñìïãÞ ôùí ößëôñùí

Hanning êáé Butterworth åõíïåß ôç âáèìïíüìçóç ôïõ ìï-
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Ðßíáêáò 1: Ïé âáèìïíïìÞóåéò ôïõ ìïíôÝëïõ êáé ôá óôáôéóôéêÜ ÷áñáêôçñéóôéêÜ ôïõò.

Table 1: The model�s calibrations and their statistical characteristics.

Ó÷Þìá 6: Éóôüãñáììá óõ÷íüôçôáò ôùí âáèþí ðïõ ÷ñçóéìïðïéÞ-

èçêáí óôéò âáèìïíïìÞóåéò ôïõ ìïíôÝëïõ.

Figure 6: Frequency histogram of the depths used for the model�s

calibration.

Ó÷Þìá 7: Éóôüãñáììá óõ÷íüôçôáò âáèþí ôùí 185 óçìåßùí, ôá ïðïßá

÷ñçóéìïðïéÞèçêáí óôçí åðáëÞèåõóç ôùí âáèìïíïìÞóåùí.

Figure 7: Frequency histogram of the depths used for the model�s

testing.

Ó÷Þìá 8: ÅðáëÞèåõóç ôçò âáèìïíüìçóçò Ì1. Ó÷Ýóç ç÷ïâïëéóôéêþí

âáèþí êáé áíôßóôïé÷ùí áðïëýôùí ôéìþí ôùí äéáöïñþí âÜèïõò.

Figure 8: Testing of calibration M1. Relation between echo soun-

ding depths and corresponding absolute values of depth differences.   

Ó÷Þìá 9: ÅðáëÞèåõóç ôçò âáèìïíüìçóçò Ì2. Ó÷Ýóç ç÷ïâïëéóôéêþí

âáèþí êáé áíôßóôïé÷ùí áðïëýôùí ôéìþí ôùí äéáöïñþí âÜèïõò.

Figure 9: Testing of calibration M2. Relation between echo soun-

ding depths and corresponding absolute values of depth differences.

íôÝëïõ ãéá âÜèç ìÝ÷ñé 9 m êáé áðïêüðôåé ôçí ðëçñïöïñßá

ãéá ìåãáëýôåñá âÜèç. Ìå áöïñìÞ ôçí ðáñáôÞñçóç áõôÞ, Ý-

ãéíáí íÝåò âáèìïíïìÞóåéò ôïõ ìïíôÝëïõìåäåäïìÝíá LAND-

SAT ãéá âÜèç ìÝ÷ñé 9 m. Ôá óôáôéóôéêÜ ÷áñáêôçñéóôéêÜ ôùí

âáèìïíïìÞóåùí êáé ôùí åðáëçèåýóåþí ôïõò öáßíïíôáé óôïí



ðßíáêá 3. Åßíáé åìöáíÞò ç âåëôßùóç ôçò áðüäïóçò ôïõ

ðïëõöáóìáôéêïý ìïíôÝëïõ ìå äåäïìÝíá LANDSAT óôá

ìéêñüôåñá âÜèç. 

4. ÓÕÌÐÅÑÁÓÌÁÔÁ

Óôçí ðáñïýóá åñãáóßá ç åöáñìïãÞ ôçò ðïëõöáóìáôéêÞò

âáèõìåôñßáò Ýãéíå óå âõèü ïìáëü êáé óå êáèáñÜ ñç÷Ü íåñÜ,

óýìöùíá ìå ôéò áðáéôÞóåéò ôïõ âáèõìåôñéêïý ìïíôÝëïõ ðïõ

÷ñçóéìïðïéÞèçêå. 
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Ðßíáêáò 2: ÓôáôéóôéêÜ ÷áñáêôçñéóôéêÜ åðáëÞèåõóçò ôùí âáèìïíïìÞ-

óåùí.

Table 2: The statistical characteristics of the calibration testing.

Ó÷Þìá 10: ÅðáëÞèåõóç ôçò âáèìïíüìçóçò Ì3. Ó÷Ýóç ç÷ïâïëéóôé-

êþí âáèþí êáé áíôßóôïé÷ùí áðïëýôùí ôéìþí ôùí äéáöïñþí âÜèïõò.

Figure 10: Testing of calibration M3. Relation between echo soun-

ding depths and corresponding absolute values of depth differences.

Ó÷Þìá 11: ÅðáëÞèåõóç ôçò âáèìïíüìçóçò Ì4. Ó÷Ýóç ç÷ïâïëéóôé-

êþí âáèþí êáé áíôßóôïé÷ùí áðïëýôùí ôéìþí ôùí äéáöïñþí âÜèïõò.

Figure 11: Testing of calibration M4. Relation between echo soun-

ding depths and corresponding absolute values of depth differences.

Ó÷Þìá 12: Âáèõìåôñéêüò ÷Üñôçò áðü ôá âÜèç ôçò åðáëÞèåõóçò ôçò

âáèìïíüìçóçò Ì1.

Figure 12: Bathymetric map compiled by testing depths from cali-

bration M1. 

Ó÷Þìá 13: Âáèõìåôñéêüò ÷Üñôçò áðü ôá âÜèç ôçò åðáëÞèåõóçò ôçò

âáèìïíüìçóçò Ì2.

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

bration M2.

Ç âáèìïíüìçóç ôïõ ìïíôÝëïõ óôçñß÷èçêå óå ìåôñçèÝ-

íôá óçìåßá õøçëÞò ïñéæïíôéïãñáöéêÞò êáé âáèõìåôñéêÞò á-

îéïðéóôßáò, ôá ïðïßá ðñïÞëèáí áðü ç÷ïâüëéóç ôïõ ðõèìÝíá

ôçò ðåñéï÷Þò ìåëÝôçò. 

Ç ìÝèïäïò åðáíáäåéãìáôïëçøßáò ôùí åéêüíùí öÜíçêå íá

ìçí åðçñåÜæåé ôçí áðïôåëåóìáôéêüôçôá êáìéÜò áðü ôéò âáè-

ìïíïìÞóåéò ðïõ Ýãéíáí ìå äåäïìÝíá SPOT Þ ìå äåäïìÝíá

LANDSAT. 

ÊáôÜ óõíÝðåéá, ïé ðçãÝò óöáëìÜôùí óôç âáèìïíüìçóç

êáé óôçí ðñüâëåøç âáèþí ìðïñïýí íá åßíáé: 

l ÄéáöïñÝò êáôÜ × Þ êáé êáôÜ Õ, áíÜìåóá óôç èÝóç åíüò

âáèõìåôñéêïý óçìåßïõ êáé ôçò áíôßóôïé÷çò èÝóçò óôçí



áíçãìÝíç åéêüíá. Ïé äéáöïñÝò áõôÝò ðñïêýðôïõí ëüãù

ôçò äéáêñéôéêÞò éêáíüôçôáò ôçò åéêüíáò êáé ìðïñïýí íá

åßíáé Ýùò ±10 m óôç SPOT Þ ±15 m óôç LANDSAT.

Ùóôüóï, ïé åðéäñÜóåéò ôïõò äåí áîéïëïãïýíôáé ùò éäéáß-

ôåñá óçìáíôéêÝò, åðåéäÞ ï âõèüò ôçò ðåñéï÷Þò ìåëÝôçò

ìåôáâÜëëåôáé ïìáëÜ (âë. ó÷Þìá 3).

l Tï åßäïò ôùí ÷ñçóéìïðïéçèÝíôùí ößëôñùí ãéá ôç ìåßùóç

ôïõ èïñýâïõ, ðïõ öáßíåôáé íá åßíáé êáé ç óçìáíôéêüôåñç

ðçãÞ óöÜëìáôïò.

Áðü ôïõò ðßíáêåò 1 êáé 2 åßíáé åìöáíÞò ç ðïëý êáëýôå-

ñç áðüäïóç ôùí ðïëõöáóìáôéêþí äåäïìÝíùí SPOT, ç ïðïßá

ðñïöáíþò ïöåßëåôáé ôüóï óôï åßäïò ôïõ èïñýâïõ (ìüíïí ôçò
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Ðßíáêáò 3:ÓôáôéóôéêÜ ÷áñáêôçñéóôéêÜ âáèìïíïìÞóåùí êáé ôùí åðá-

ëçèåýóåþí ôïõò, ãéá äåäïìÝíá LANDSAT êáé ãéá âÜèç ìéêñüôåñá Þ ßóá

ôùí 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.

Ó÷Þìá 14: Âáèõìåôñéêüò ÷Üñôçò áðü ôá âÜèç åðáëÞèåõóçò ôçò âáè-

ìïíüìçóçò Ì3.

Figure 14: Bathymetric map compiled by testing depths from cali-

bration M3.

Ó÷Þìá 15: Âáèõìåôñéêüò ÷Üñôçò áðü ôá âÜèç åðáëÞèåõóçò ôçò âáè-

ìïíüìçóçò Ì4.

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

bration M4.

ìïñöÞò �áëáôïðßðåñïõ�), ðïõ åîáñ÷Þò åß÷áí ôá äåäïìÝíá,

üóï êáé óôçí åðéôõ÷Þ ìåßùóÞ ôïõ ìå ôç ÷ñÞóç ôïõ ÷ùñéêïý

ößëôñïõ 3×3.

Ç ýðáñîç ðïëõðëïêüôåñïõ èïñýâïõ (�áëáôïðßðåñï� êáé

ëùñéäïðïßçóç) óôá äåäïìÝíá LANDSAT Ýêáíå äõóêïëüôå-

ñç ôç ìåßùóÞ ôïõ. Áðü ôçí ðáñïýóá åöáñìïãÞ ðñïêýðôåé

üôé äåí åßíáé äõíáôüí íá ðñïôáèåß Üìåóá êÜðïéï ößëôñï (÷ù-

ñéêü Þ Fourier), ðïõ íá ìåéþíåé ôï èüñõâï áðïôåëåóìáôéêÜ

ãéá üëç ôçí ðåñéï÷Þ.

Óýìöùíá ìå ôïõò ðßíáêåò 1 êáé 2 êáé ôá ó÷Þìáôá 9 Ýùò

êáé 11, ðñïêýðôåé üôé ç âáèìïíüìçóç ìå äåäïìÝíá LAND-

SAT êáé åöáñìïãÞ ôïõ ößëôñïõ Butterworth Ý÷åé ôçí êá-

ëýôåñç áðüäïóç. Ùóôüóï, ç ìåëÝôç ôùí äéáãñáììÜôùí ôùí

éóïâáèþí áðïêáëýðôåé üôé ç áðüäïóç ôçò ðáñáðÜíù âáèìï-

íüìçóçò áöïñÜ óå âÜèç ìÝ÷ñé 9 m. Ç âáèìïíüìçóç Ì2

ìðïñåß íá åßíáé ëéãüôåñï áðïäïôéêÞ óå ó÷Ýóç ìå ôéò Üëëåò

äýï, üìùò äßíåé áðïôåëÝóìáôá êáé ãéá âÜèç ìåãáëýôåñá ôùí

9 m.

Óýìöùíá ìå ôïí ðßíáêá 3, ãéá ôá ìéêñÜ âÜèç, ïé âáèìï-

íïìÞóåéò Ì2, Ì3 êáé Ì4 äßíïõí ðïëý êáëÜ áðïôåëÝóìáôá

êáé ìÜëéóôá óõãêñßóéìá ìå åêåßíá ôçò Ì1. ¸ôóé, ìüíïí ãéá

ôçí ðåñéï÷Þ âáèþí ìÝ÷ñé 9 m åßíáé äõíáôüí íá ðñïôáèåß ùò

êáëýôåñç âáèìïíüìçóç ç Ì3 êáé åðïìÝíùò ùò áðïôåëå-

óìáôéêüôåñï ößëôñï, ôï ößëôñï Butterworth.
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Åõ÷áñéóôïýìå ôïí õðïøÞöéï äéäÜêôïñá ê. Â. ÁíäñéôóÜ-

íï, áãñïíüìï-ôïðïãñÜöï ìç÷áíéêü Á.Ð.È., êáé ôïí äéäÜêôï-

ñá ×. ÐéêñéäÜ, áãñïíüìï-ôïðïãñÜöï ìç÷áíéêü Á.Ð.È., ãéá

ôçí ðïëýôéìç âïÞèåéÜ ôïõò êáôÜ ôç äéÜñêåéá ôçò óõëëïãÞò

êáé ôçò åðåîåñãáóßáò äåäïìÝíùí ôïõ GPS êáé ôçò âáèõìå-

ôñßáò.
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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:

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

tiveness in multispectral bathymetry to evaluate.

l 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.

l 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. 

108 Tå÷í. ×ñïí. Åðéóô. ¸êä. ÔÅÅ, É, ôåý÷. 2  2000  Tech. Chron. Sci. J. TCG, I, No 2

Extended summary

Multispectral Bathymetry Supported 

by Sounding and GPS Data

S. HATZIGAKI

Rural & Surveying, Dipl. Eng.

Z. KARKANI

Rural & Surveying, Dipl. Eng.

M. MATZIRI

Rural & Surveying, Dipl. Eng.

M.PAPADOPOULOU

Acossiate Professor A.U.TH.

M. TSAKIRI-STRATI

Acossiate Professor A.U.TH.

I. N. TZIAVOS

Professor A.U.TH.

E. ZIDROU

Rural & Surveying, Dipl. Eng.

Submitted: June 15, 1999 Accepted: Jan. 19, 2000



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 5km/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:

l M1 from SPOT data filtered by the 3X3 spatial low pass

filter.

l M2 from Landsat data filtered by the 7X7 low pass spa-

tial filter.

l M3 from LANDSAT data filtered with a low pass Butter-

worth filter.

l 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:

l 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)

l 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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