
Ðåñßëçøç
ÐáñïõóéÜæïíôáé êáé áíáëýïíôáé ôá ðñïâëÞìáôá ðïõ ðñïêýðôïõí
åîáéôßáò ôçò åðßäñáóçò ôùí óöáëìÜôùí ôïõ èåïäïëß÷ïõ óôéò ìåôñÞ-
óåéò ôùí ìéêñþí äéêôýùí õøçëÞò áêñßâåéáò. TÝôïéá äßêôõá åöáñìü-
æïíôáé óôç âéïìç÷áíßá, ôéò áðïôõðþóåéò êáé äéá÷ñïíéêÝò ðáñáêïëïõ-
èÞóåéò ìíçìåßùí êáé ìéêñþí ôå÷íéêþí Ýñãùí êáèþò êáé óå Üëëåò
ôïðïãñáöéêÝò åöáñìïãÝò ìå ìåôñÞóåéò ðåñéïñéóìÝíçò åìâÝëåéáò.
Äßíïíôáé ëýóåéò ðïõ áöïñïýí óôá åéäéêÜ üñãáíá, ôéò ôå÷íéêÝò ìÝôñç-
óçò êáé ôéò ìåèüäïõò áíÜëõóçò. ¸ìöáóç äßíåôáé óôéò óõíïñèþóåéò,
ôïí ïñéóìü ôïõ óõóôÞìáôïò áíáöïñÜò êáé êõñßùò ôçí áíôéìåôþðéóç
ôùí óöáëìÜôùí ïñéæïíôßùóçò ìå ôç âïÞèåéá åíüò äéåõñõìÝíïõ
ìáèçìáôéêïý ìïíôÝëïõ. 

1. EÉÓÁÃÙÃÇ

H ìåãÜëç åîÝëéîç, ðïõ Ý÷åé óõíôåëåóôåß åäþ êáé 15 ðåñß-
ðïõ ÷ñüíéá óôéò åôáéñåßåò ðáñáãùãÞò ãåùäáéôéêþí êáé ôï-
ðïãñáöéêþí ïñãÜíùí, ìå ôçí êáôáóêåõÞ õøçëÞò ôå÷íïëï-
ãßáò çëåêôñïíéêþí èåïäïëß÷ùí, Ý÷åé âñåé ôåñÜóôéá åöáñìïãÞ
óôç äçìéïõñãßá åéäéêþí óõóôçìÜôùí ãéá 3Ä ìåôñÞóåéò ðå-
ñéïñéóìÝíçò åìâÝëåéáò. Tá óõóôÞìáôá áõôÜ óõíïäåýïíôáé
áðü 2 Ýùò 8 çëåêôñïíéêÜ èåïäüëé÷á êáé H/Y ìå êáôÜëëçëï
ëïãéóìéêü óõëëïãÞò êáé åðåîåñãáóßáò ôùí ìåôñÞóåùí, þóôå
íá åßíáé äõíáôÞ ç åîáãùãÞ ôùí áðïôåëåóìÜôùí óå ðñáã-
ìáôéêü ÷ñüíï êáé íá ãßíåôáé áóÞìáíôç ç åðßäñáóç óôéò
ìåôñÞóåéò ôùí óöáëìÜôùí êÝíôñùóçò êáé ïñéæïíôßùóçò.
Måôñïýíôáé ïñéæüíôéåò ãùíßåò Þ äéåõèýíóåéò êáé æåíßèéåò
ãùíßåò. ÐáñÜëëçëá åßíáé äéáèÝóéìåò êáé ðëÞèïò ðåñéöåñåéá-
êþí óõóêåõþí, üðùò ð.÷. óõóêåõÝò åêðïìðÞò áêôßíùí Laser,
þóôå íá åëá÷éóôïðïéåßôáé ôï óöÜëìá óêüðåõóçò, CCD êÜìå-
ñåò, óåñâïìç÷áíéóìïß ê.Ü. Tá ÷áñáêôçñéóôéêÜ áõôÜ äßíïõí
ôç äõíáôüôçôá åðßôåõîçò ðïëý õøçëþí áêñéâåéþí ðñïóäéï-
ñéóìïý 3Ä óõíôåôáãìÝíùí ùò ðñïò êÜðïéï ôïðéêü óýóôçìá
áíáöïñÜò, óå óõíäõáóìü ìå åýêïëåò êáé ôåëåßùò áõôïìá-
ôïðïéçìÝíåò äéáäéêáóßåò ÷åéñéóìïý ôïõ óõóôÞìáôïò [1, 3, 6,
9, 20 ].

Oé âéïìç÷áíéêÝò åöáñìïãÝò, ãéá ôéò ïðïßåò êáô� åîï÷Þí
Ý÷ïõí ó÷åäéáóôåß ôá óõóôÞìáôá áõôÜ, ðïéêßëëïõí áíÜìåóá
óå ðïëëïýò êëÜäïõò. ÐåñéëçðôéêÜ ìðïñïýí íá áíáöåñèïýí
ïé åîÞò êáôçãïñßåò [11]:

l ¸ëåã÷ïò êõëéíäñéêüôçôáò êáé ïñèÞò äéáôïìÞò óå óùëÞíåò.
l Óôçí áõôïêéíçôïâéïìç÷áíßá êáé ôéò åôáéñåßåò êáôáóêåõÞò

óéäçñïäñïìéêïý õëéêïý (ãéá Ýëåã÷ï ó÷Þìáôïò êáé äéá-
óôÜóåùí óáóß êáé ôìçìÜôùí ôïõ áìáîþìáôïò åíüò áõôï-
êéíÞôïõ, öïñôçãïý Þ âáãïíéïý, ãéá Ýëåã÷ï äéáóôÜóåùí
ï÷çìÜôùí, ãéá øçöéïðïßçóç åðéöáíåéþí áìáîþìáôïò óå
ðåéñáìáôéêÜ ìïíôÝëá, ãéá Ýëåã÷ï ôçò áêñéâïýò êßíçóçò
êáé ôùí ãåùìåôñéêþí ÷áñáêôçñéóôéêþí ôùí robot ðïõ
÷ñçóéìïðïéïýíôáé ãéá ôç óõíáñìïëüãçóç ôùí áõôïêéíÞ-
ôùí, ãéá ìåëÝôç ôùí ðáñáìïñöþóåùí ôùí åîùôåñéêþí
åðéöáíåéþí âáãïíéþí êáé áõôïêéíÞôùí, êÜôù áðü äéá-
öïñåôéêÝò óõíèÞêåò öüñôéóçò).

l Óôçí áåñïíáõðçãéêÞ (ãéá Ýëåã÷ï óõíáñìïëüãçóçò ìåãÜ-
ëùí ôìçìÜôùí óêåëåôïý áåñïóêáöþí, ãéá Ýëåã÷ï äéáôï-
ìþí - åðéöáíåéþí - äéáóôÜóåùí, ãéá Ýëåã÷ï åõèõãñÜì-
ìéóçò ôïõ Üîïíá ôïõ áåñïóêÜöïõò, ãéá Ýëåã÷ï ôçò èÝóçò
óçìåßùí åëÝã÷ïõ, ìÝóù óýãêñéóçò ìåôáîý áëçèéíþí êáé
ïíïìáóôéêþí ôéìþí (áðü ôïí êáôáóêåõáóôÞ) ôùí óõíôå-
ôáãìÝíùí ôïõò).

l Óôç íáõðçãéêÞ (ãéá Ýëåã÷ï óõíáñìïëüãçóçò ìåãÜëùí
ôìçìÜôùí óêåëåôïý ðëïßùí, ãéá Ýëåã÷ï åðéöáíåéþí).

l Óå âéïìç÷áíéêÝò åãêáôáóôÜóåéò ìåãÜëùí ìç÷áíþí (ãéá
÷Üñáîç ôìçìÜôùí robot ðïõ ðñÝðåé íá ôïðïèåôçèïýí óå
êáôÜëëçëåò èÝóåéò, ãéá Ýëåã÷ï ìïñöÞò êáé äéáóôÜóåùí
ôìçìÜôùí ìç÷áíþí, ãéá Ýëåã÷ï óõíáñìïëüãçóçò ôìçìÜ-
ôùí ìç÷áíþí, ãéá ðñïóäéïñéóìü êßíçóçò ìç÷áíþí, ãéá
Ýëåã÷ï ðáñáìïñöþóåùí óå ìç÷áíÞìáôá Þ åãêáôá-
óôÜóåéò, Ýëåã÷ï åðéöáíåßáò óå êåñáßåò ôçëåðéêïéíùíéþí
êáôÜ ôçí êáôáóêåõÞ êáé êáôÜ ôç ëåéôïõñãßá Ýëåã÷ï ìáèç-
ìáôéêÞò åîßóùóçò ó÷Þìáôïò, Ýëåã÷ï ôïõ ðñïóáíáôïëé-
óìïý ãéá ôçí åêðïìðÞ êáé ëÞøç, ãéá ìÝôñçóç ãåù-
ìåôñéêþí óôïé÷åßùí óå åãêáôáóôÜóåéò ðõñçíéêþí åñ-
ãïóôáóßùí, ãéá Ýëåã÷ï óõíáñìïëüãçóçò óå õøéêáìßíïõò,
óéäçñÝò ãÝöõñåò, óéäçñÝò êáôáóêåõÝò).

l Óôéò âéïìç÷áíßåò êáôáóêåõÞò ôå÷íçôþí äïñõöüñùí (ãéá
ôïí Ýëåã÷ï ãåùìåôñéêþí ÷áñáêôçñéóôéêþí êáôáóêåõÞò
ôå÷íçôïý äïñõöüñïõ, ãéá ôïí Ýëåã÷ï ìïñöÞò êáé êßíçóçò
ìç÷áíéêþí ôìçìÜôùí).
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ÐÝñá áðü ôç ÷ñÞóç ôùí ðáñáðÜíù óõóôçìÜôùí óå êá-
èáñÜ âéïìç÷áíéêÝò åöáñìïãÝò, Ý÷åé äéáöáíåß Ýíôïíá ï ïõóéá-
óôéêüò ñüëïò ðïõ ìðïñïýí áõôÜ íá ðáßîïõí êáé óå ôïðï-
ãñáöéêÝò åñãáóßåò, ïé ïðïßåò ÷áñáêôçñßæïíôáé áðü ôá óôïé-
÷åßá ôçò ðåñéïñéóìÝíçò åìâÝëåéáò, ôçò áíÜãêçò ãéá 3Ä áíôé-
ìåôþðéóç êáé ôçò õøçëÞò áðáßôçóçò óå áêñßâåéá êáé áîéïðé-
óôßá. ¸ôóé ëïéðüí ìðïñïýí íá áíôéìåôùðéóôïýí ìå åðéôõ÷ßá,
ìå ôç âïÞèåéá óõóôçìÜôùí 3Ä ìåôñÞóåùí ðåñéïñéóìÝíïõ ðå-
äßïõ, ðñïâëÞìáôá üðùò: ìåôñÞóåéò ãéá ðáñáìïñöþóåéò óå
êôßñéá, ôïß÷ïõò áíôéóôçñßîåùò ê.ëð., ðáñáêïëïýèçóç êáôïëé-
óèÞóåùí, ðáñáêïëïýèçóç ìåôáêßíçóçò ðñáíþí óå äñüìïõò
êáé ïñõ÷åßá, ôñéäéÜóôáôç áðïôýðùóç ðáñáäïóéáêþí êôéñßùí
êáé ìíçìåßùí, åãêáôÜóôáóç åñãáóôçñéáêþí äéêôýùí âáè-
ìïíüìçóçò êáé åëÝã÷ïõ ïñãÜíùí, õðïóôÞñéîç åðéãåßùí öù-
ôïãñáììåôñéêþí åöáñìïãþí ðåñéïñéóìÝíçò åìâÝëåéáò ê.Ü.

H ôå÷íéêÞ ðïõ áêïëïõèåßôáé åßíáé ç åîÞò: Yðïëïãßæïíôáé
ïé óõíôåôáãìÝíåò ôùí óôÜóåùí ôùí èåïäïëß÷ùí óå Ýíá ïñé-
óìÝíï óýóôçìá áíáöïñÜò áðü ìåôñÞóåéò ðñïò ôá óçìåßá ðïõ
õëïðïéïýí ôá Üëëá èåïäüëé÷á êáé ðñïò Üãíùóôá (Þ ãíùóôÜ)
óçìåßá ðÜíù óôï áíôéêåßìåíï. Óôç óõíÝ÷åéá, ìåôÜ ôç óõíüñ-
èùóç ôïõ äéêôýïõ áõôïý, èåùñþíôáò ôéò óôÜóåéò "ãíùóôÜ
óçìåßá" (ôá óçìåßá áíáöïñÜò), åöáñìüæåôáé ç ôå÷íéêÞ ôçò
åìðñïóèïôïìßáò ãéá ôïí õðïëïãéóìü ôùí íÝùí óçìåßùí
ðÜíù óôï áíôéêåßìåíï, ôùí óçìåßùí åëÝ÷ãïõ, óå "ðñáãìáôéêü
÷ñüíï". Ó÷åôéêÝò åñãáóßåò äüèçêáí áðü ôïõò Bayly and
Teskey (1992), Fuss (1993), Obidowski and Chapman
(1993), Robbins (1992). 

Óôá äßêôõá áõôÜ, ç ôñéäéÜóôáôç áíôéìåôþðéóç ïäçãåß óå
âÝëôéóôç åêôßìçóç ôçò èÝóçò ôùí êïñõöþí ôïõ äéêôýïõ, óå
ó÷Ýóç ìå ôç ÷ùñéóôÞ óõíüñèùóç ïñéæïíôßïõ êáé êáôáêï-
ñýöïõ, åðåéäÞ êáôÜ ôç óõíüñèùóç äåí áãíïåßôáé êáé ç óõ-
ó÷Ýôéóç ôùí ïñéæïíôßùí êáé êáôáêïñýöùí ìåãåèþí.

Eêôüò üìùò áðü ôçí ôñéäéÜóôáôç åðßëõóç, áõôü ðïõ äéá-
÷ùñßæåé ôá �ìéêñÜ� áðü ôá �êëáóéêÜ� äßêôõá ôùí áðïôõ-
ðþóåùí åßíáé ç õðüèåóç ôùí éóïâáñþí ðáñáôçñÞóåùí ðïõ
ãßíåôáé óôá êëáóéêÜ äßêôõá, áëëÜ äåí ìðïñåß íá ãßíåé ãéá ôéò
êïíôéíÝò óêïðåýóåéò ôùí ìéêñþí äéêôýùí. Óôçí ðåñßðôùóç
ôùí êïíôéíþí óêïðåýóåùí, ôá ðñÜãìáôá ãßíïíôáé ðéï ðïëý-
ðëïêá, åðåéäÞ åßíáé óçìáíôéêÜ, åêôüò áðü ôï óöÜëìá áíÜ-
ãíùóçò, ôï óöÜëìá êÝíôñùóçò, ôï óöÜëìá óêüðåõóçò êáé ôï
óöÜëìá ïñéæïíôßùóçò ôïõ èåïäïëß÷ïõ, ôùí ïðïßùí ïé åðé-
äñÜóåéò óôçí ðáñáôÞñçóç åîáñôþíôáé áðü ôçí áðüóôáóç
ìåôáîý ôùí óçìåßùí áëëÜ êáé áðü ôçí õøïìåôñéêÞ ôïõò äéá-
öïñÜ. ¸ôóé, óôá ìéêñÜ äßêôõá õøçëÞò áêñßâåéáò áêïëïõ-
èïýíôáé åéäéêÝò ôå÷íéêÝò ìÝôñçóçò êáé äéáôÜîåéò ïñãÜíùí,
þóôå íá ãßíïíôáé áóÞìáíôåò ïé åðéäñÜóåéò ôùí óöáëìÜôùí
ôïõ èåïäïëß÷ïõ êáé ôïõ óõóôÞìáôïò êÝíôñùóçò óôçí áêñß-
âåéá ôçò ðáñáôÞñçóçò. Ðéï óõãêåêñéìÝíá [18]:

á. H óõíéóôþóá ôïõ óöÜëìáôïò óêüðåõóçò ìðïñåß íá ãßíåé
áóÞìáíôç, áí ÷ñçóéìïðïéçèïýí åéäéêÜ ó÷åäéáóìÝíïé óôü÷ïé.

â. Tï óöÜëìá êÝíôñùóçò áíôéìåôùðßæåôáé ìå ôïõò ðáñáêÜ-
ôù ôñüðïõò:

1. Oé åðéäñÜóåéò ôùí óöáëìÜôùí êÝíôñùóçò ìçäåíßæï-
íôáé, áí ÷ñçóéìïðïéçèïýí ôáõôü÷ñïíá ôüóá èåïäüëé÷á,
üóåò åßíáé ïé êïñõöÝò/óôáèìïß ôïõ äéêôýïõ. ¸íá áðü ôá
èåïäüëé÷á õëïðïéåß ôï êÝíôñï ôïõ óõóôÞìáôïò áíáöïñÜò,
ôïõ ïðïßïõ ï Üîïíáò z ôáõôßæåôáé ìå ôïí ðñùôåýïíôá
Üîïíá ôïõ ïñãÜíïõ, êáé ïé Üîïíåò x êáé y ðñïóáíáôï-
ëßæïíôáé áõèáßñåôá áëëÜ Ýôóé, þóôå ôï óýóôçìá íá åßíáé
äåîéüóôñïöï (ôïðéêü óýóôçìá).
2. Mðïñåß íá ÷ñçóéìïðïéçèåß Ýíá èåïäüëé÷ï ìüíï, áëëÜ
ôüôå ôá óçìåßá óôÜóçò óõíäÝïíôáé ìåôáîý ôïõò ìÝóù ôùí
ðáñáôçñÞóåùí ðñïò êïéíÜ "åìðñïóèïôïìéêÜ" óçìåßá êáé
ü÷é ìå áðåõèåßáò ðáñáôçñÞóåéò. H äéáäéêáóßá áõôÞ äåí
ìðïñåß íá åöáñìïóèåß óå "ðñáãìáôéêü ÷ñüíï". 
3. Ãéá åñãáóßåò ìÝóçò áêñßâåéáò êáé üôáí ôá óçìåßá ðñÝ-
ðåé íá óçìáíèïýí ìüíéìá, ôüôå åöáñìüæïíôáé åéäéêÝò äéá-
ôÜîåéò åîáíáãêáóìÝíçò êÝíôñùóçò. 

ã. H åðßäñáóç ôïõ óöÜëìáôïò ïñéæïíôßùóçò óôá âéïìç÷á-
íéêÜ óõóôÞìáôá ìåôñÞóåùí, êáèþò êáé óå óýã÷ñïíá çëå-
êôñïíéêÜ üñãáíá õøçëÞò áêñßâåéáò, åßíáé áóÞìáíôç,
åðåéäÞ ôá üñãáíá áõôÜ äéáèÝôïõí áõôüìáôïõò éóïóôáè-
ìçôÝò ãéá ôç äéüñèùóç ôïõ óöÜëìáôïò áõôïý. 
Tá ðáñáðÜíù óõóôÞìáôá, áí êáé ðñïóöÝñïõí õøçëÞ

ðïéüôçôá óôéò ôïðïãñáöéêÝò ìåôñÞóåéò ìéêñÞò åìâÝëåéáò, äåí
åöáñìüæïíôáé áêüìç åõñÝùò åîáéôßáò ôïõ õøçëïý ôïõò
êüóôïõò. Óôçí åñãáóßá áõôÞ èá áíáöåñèïýìå óôçí áíÜëõóç
ôùí äéêôýùí õøçëÞò áêñßâåéáò ðïõ ìåôñïýíôáé ìå óõóôÞìáôá
çëåêôñïíéêþí èåïäïëß÷ùí, áëëÜ êáé ìå áðëÜ èåïäüëé÷á ðïõ
äåí äéáèÝôïõí áõôüìáôïõò éóïóôáèìçôÝò, ãéá ôçí ðåñßðôùóç
ðïõ äåí äéáèÝôïõìå ôÝôïéá óõóôÞìáôá. Óôá èåïäüëé÷á áõôÜ ç
áðüêëéóç ôïõ êáôáêïñýöïõ Üîïíá ëüãù êáêÞò ïñéæïíôßùóçò
ìðïñåß íá áíôéìåôùðéóèåß ùò Üãíùóôç ðáñÜìåôñïò óôéò åîé-
óþóåéò ðáñáôçñÞóåùí. 

2. ÓYMBOËIÓMOI

xi, yi, zi: ïé óõíôåôáãìÝíåò ôïõ óçìåßïõ i
äij : ç ïñéæüíôéá äéåýèõíóç áðü ôï i ðñïò ôï j
èi : ç óôáèåñÜ ðñïóáíáôïëéóìïý óôï i
ùijk : ç ïñéæüíôéá ãùíßá ìå êïñõöÞ ôï óçìåßï i, áñéóôåñü

óçìåßï j êáé äåîéü k
æij : ç æåíßèéá ãùíßá áðü ôï i ðñïò ôï j 
Sij : ç ïñéæüíôéá áðüóôáóç i, j
dij : ç êåêëéìÝíç áðüóôáóç i, j

, , , , : ïé ðáñáôçñÞóåéò ôùí áíôéóôïß÷ùí
ìåãåèþí 

, , , , : ïé ðñïóåããéóôéêÝò ôéìÝò ôùí áíôé-
óôïß÷ùí ìåãåèþí

o
ijdo

ijSo
ijæo

ijkùo
ijä

b
ijdb

ijSb
ijæb

ijkùb
ijä
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, : ïé óõíéóôþóåò áðüêëéóçò ôïõ ðñùôåýïíôá Üîïíá
ôïõ èåïäïëß÷ïõ óôá åðßðåäá (x, z) êáé (y, z) áíôé-
óôïß÷ùò. 

3. H ÓÕÍÏÑÈÙÓÇ ÔÙÍ ÌÉÊÑÙÍ
ÔÑÉÄÉÁÓÔÁÔÙÍ ÄÉÊÔYÙÍ 

3.1. Oé åîéóþóåéò ðáñáôçñÞóåùí

Oé ôïðïãñáöéêÝò ðáñáôçñÞóåéò óôá ôñéäéÜóôáôá äßêôõá
åßíáé: ïñéæüíôéåò äéåõèýíóåéò, ïñéæüíôéåò ãùíßåò, ïñéæüíôéåò
áðïóôÜóåéò, êåêëéìÝíåò (Þ ÷ùñéêÝò áðïóôÜóåéò), æåíßèéåò ãù-
íßåò êáé õøïìåôñéêÝò äéáöïñÝò. AíáëõôéêÜ ïé åîéóþóåéò
ðáñáôÞñçóçò ôùí ìéêñþí ôñéäéáóôÜôùí äéêôýùí, êáé ãéá ôçí
ðåñßðôùóç ðïõ ôá óöÜëìáôá ïñéæïíôßùóçò åßíáé ðñáêôéêÜ
áóÞìáíôá, äßíïíôáé ðáñáêÜôù.

H åîßóùóç ðáñáôÞñçóçò ôçò ïñéæüíôéáò äéåýèõíóçò: 

= − aT xi + aT xj − äèk+ (3.1)

üðïõ:

= − = − arctan + (3.2)

ç ôéìÞ ôçò ðáñáôÞñçóçò êáé ôï óöÜëìá ôçò, ç

ðñïóåããéóôéêÞ ôéìÞ, åßíáé ç ðñïóåããéóôéêÞ ôéìÞ ôçò óôá-

èåñÜò ðñïóáíáôïëéóìïý, 

aT =

o

(3.3)

åßíáé ïé óõíôåëåóôÝò ôùí äéïñèþóåùí ôùí ðñïóåããéóôéêþí
óõíôåôáãìÝíùí,

xi = = , xj = = (3.4)

ä = � åßíáé ç äéüñèùóç ôçò ðñïóåããéóôéêÞò ôéìÞò,

= 

= arctan � (3.5)

êáé ìéá ïðïéáäÞðïôå ðáñáôÞñçóç ôçò k óåéñÜò äéåõèýí-

óåùí. 
H åîßóùóç ðáñáôÞñçóçò ôçò ïñéæüíôéáò ãùíßáò:

=(a − a )xi− a xj + a x + (3.6)

üðïõ:

= − arctan + arctan (3.7)

a =

o

a =

o

(3.8)

xi = = 

xj = = , xi = = (3.9)

H åîßóùóç ðáñáôÞñçóçò ôçò ïñéæüíôéáò áðüóôáóçò:

= − = − cT xi + cT xj + (3.10)

üðïõ: 

= 

cT =

o

(3.11)

êáé

xi = = , xj = = (3.12)

H åîßóùóç ðáñáôÞñçóçò ôçò êåêëéìÝíçò áðüóôáóçò:

= − = − cT xi + cT xj + (3.13)

üðïõ åßíáé ç ôéìÞ ôçò ðáñáôÞñçóçò, ôï óöÜëìá,

= 

cT =

o

(3.14)
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êáé

xi = = ,  xj = = (3.15)

H åîßóùóç ðáñáôÞñçóçò ôçò æåíßèéáò ãùíßáò:

= − = − dT xi + dT xj + (3.16)

üðïõ:

= arctan (3.17)

dT=

o

(3.18)

xi = = ,  xj = = (3.19)

H åîßóùóç ðáñáôÞñçóçò ôçò õøïìåôñéêÞò äéáöïñÜò:

= − + = − äzi + äzj + (3.20)

üðïõ åßíáé ç ôéìÞ ôçò ðáñáôÞñçóçò, ôï óöÜëìá,
, ôá ðñïóåããéóôéêÜ õøüìåôñá êáé äzi, äzj ïé äéïñèþ-

óåéò ôùí ðñïóåããéóôéêþí õøïìÝôñùí.

3.2. O ïñéóìüò ôïõ óõóôÞìáôïò áíáöïñÜò êáé ç ëýóç
ôùí êáíïíéêþí åîéóþóåùí

Aðü ôï óýóôçìá b = Ax + v ôùí åîéóþóåùí ðáñáôÞ-
ñçóçò ðñïêýðôåé ôï óýóôçìá ôùí êáíïíéêþí åîéóþóåùí

AT P A = AT P b Þ N = u.
YðïèÝôïõìå üôé ôï äéÜíõóìá x ðåñéÝ÷åé ìüíï ôéò äéïñ-

èþóåéò ôùí ðñïóåããéóôéêþí óõíôåôáãìÝíùí ôïõ äéêôýïõ. Oé
äéïñèþóåéò ôùí ðñïóåããéóôéêþí ôéìþí ôùí óôáèåñþí ðñï-
óáíáôïëéóìïý áðáëåßöïíôáé áðü ôï óýóôçìá ôùí êáíïíéêþí
åîéóþóåùí. 

H áäõíáìßá âáèìïý ôïõ äéêôýïõ åîáñôÜôáé áðü ôç ìïñöÞ
ôùí ðáñáôçñÞóåùí ðïõ Ýãéíáí. Oé ðáñáôçñÞóåéò ôùí ãùíéá-
êþí ìåãåèþí ìüíï (ïñéæüíôéåò äéåõèýíóåéò, ïñéæüíôéåò êáé
æåíßèéåò ãùíßåò) ïñßæïõí ôï ó÷Þìá ôïõ äéêôýïõ êáèþò êáé ôïí
ðñïóáíáôïëéóìü ùò ðñïò ôïí Üîïíá z. Óôçí ðåñßðôùóç áõôÞ,
ç áäõíáìßá âáèìïý åßíáé 5 êáé ãéá ôç óõíüñèùóç ìå åëÜ÷é-
óôåò äåóìåýóåéò ðñÝðåé íá åßíáé ãíùóôÝò 5 óõíôåôáãìÝíåò.
Oé 5 óõíôåôáãìÝíåò ó÷åôßæïíôáé ìå ôç èÝóç ôïõ äéêôýïõ (3
ðáñÜìåôñïé ðáñÜëëçëçò ìåôÜèåóçò), ôïí ðñïóáíáôïëéóìü
ôïõ óôï ïñéæüíôéï åðßðåäï (1 ãùíßá óôñïöÞò) êáé ôï ìÝãåèüò
ôïõ (1 óõíôåëåóôÞò êëßìáêáò). 

H ëýóç ôïõ óõóôÞìáôïò ôùí êáíïíéêþí N = u ìå ôéò
åëÜ÷éóôåò äåóìåýóåéò H x = z äßíåôáé áðü ôéò ó÷Ýóåéò:

= Ng u + ET (HET)−1 z = R−1 u + ET (HET)−1 z (3.21)

üðïõ R = N + HT H, E åßíáé ðßíáêáò ðëÞñïõò âáèìïý êáé
äéáóôÜóåùí ßóùí ìå ôïí ðßíáêá H êáé ôÝôïéïò, þóôå
A ET = 0. Méá åðéëïãÞ ôïõ ðßíáêá E åßíáé áõôÞ ôùí åóù-
ôåñéêþí äåóìåýóåùí, ï ïðïßïò Ý÷åé ôç ìïñöÞ: 

E = [ E1 E2 ... EN ]

üðïõ êÜèå õðïðßíáêáò Ei äßíåôáé óôïí ðßíáêá (1).
Óôïõò ðáñáðÜíù ôýðïõò Ng åßíáé ï ãåíéêåõìÝíïò áíôß-

óôñïöïò ôïõ ðßíáêá N, ï ïðïßïò ó÷åôßæåôáé ìå ôç óõãêåêñé-
ìÝíç åðéëïãÞ ôùí åëá÷ßóôùí äåóìåýóåùí (ìå ôç óõãêåêñé-
ìÝíç åðéëïãÞ ôçò èÝóçò ôïõ óõóôÞìáôïò áíáöïñÜò ùò ðñïò
ôï äßêôõï):

Ng = (N + HT H)−1 + ET (HET)−1 (ÅÇT)−1 E (3.22)
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Ðßíáêáò 1: Oé åóùôåñéêÝò äåóìåýóåéò óôá "êëáóéêÜ" ôñéäéÜóôáôá äßêôõá.
Table 1: Inner constraints on 3D adjustment with simple model.



H ëýóç ìå ôéò åóùôåñéêÝò äåóìåýóåéò Å x = 0 äßíåôáé áðü
ôéò ó÷Ýóåéò:

= (N + ÅT Å)−1 u (3.23)

N+ = (N + ÅT Å)−1 + ET (ÅET)−1 (ÅÇÅT)−1 E (3.24)

Oé åêôéìÞóåéò ôùí óöáëìÜôùí ôùí ðáñáôçñÞóåùí êáé
ôçò ìåôáâëçôüôçôáò áíáöïñÜò äßíïíôáé áðü ôéò ó÷Ýóåéò:

= b − A = P (3.25)

üðïõ ìå f óõìâïëßæïíôáé ïé âáèìïß åëåõèåñßáò ôïõ äéêôýïõ.
Oé âáèìïß åëåõèåñßáò ôïõ äéêôýïõ åêöñÜæïõí ôçí åðéðëÝïí
ðëçñïöïñßá ðïõ äéáèÝôïõìå ãéá ôïí õðïëïãéóìü ôùí áãíþ-
óôùí ðáñáìÝôñùí, êáé ïñßæïíôáé ìå ôç âïÞèåéá ôïõ ôýðïõ:

f = n − k + m (3.26)

üðïõ m åßíáé ï áñéèìüò ôùí áãíþóôùí ðáñáìÝôñùí (m = 3N Þ
m = 3N + d, áí Ýãéíáí ðáñáôçñÞóåéò d óåéñþí äéåõèýíóåùí)
êáé k åßíáé ï áñéèìüò ôùí äåóìåýóåùí ðïõ åéóÜãïíôáé óôç óõí-
üñèùóç. Óôçí ðåñßðôùóç ôçò óõíüñèùóçò åíüò áíåîÜñôçôïõ
äéêôýïõ, ï áñéèìüò k åßíáé ßóïò ìå ôçí áäõíáìßá âáèìïý. 

3.3. H áîéïëüãçóç ôçò áêñßâåéáò

Oé äåßêôåò ôçò ðïéüôçôáò ôïõ äéêôýïõ åßíáé ïé ðßíáêåò ôùí
(óõì)ìåôáâëçôïôÞôùí ôùí áðïôåëåóìÜôùí ôçò óõíüñèùóçò.
Oé åêôéìÞóåéò ôùí ðéíÜêùí (óõì)ìåôáâëçôïôÞôùí ôùí áðï-
ôåëåóìÜôùí ôçò óõíüñèùóçò äßíïíôáé áðü ôéò ó÷Ýóåéò:

êáé

(3.27)

3.4. H ìåôÜâáóç áðü ôï óýóôçìá ïñãÜíïõ óôï óýóôçìá
ôïõ áíôéêåéìÝíïõ

H ìåôÜâáóç óå Ýíá Üëëï óýóôçìá áíáöïñÜò, ð.÷. ïñé-
óìÝíï ðÜíù óôï áíôéêåßìåíï, ãßíåôáé Þ åê ôùí õóôÝñùí ìå
ìåôáó÷çìáôéóìü ïìïéüôçôáò Þ Üêáìðôï óôéò ôñåéò äéáóôÜ-
óåéò, Þ áðåõèåßáò óôç óõíüñèùóç, ìå ôáõôü÷ñïíç åêôßìçóç
ôùí ôñéþí ãùíéþí óôñïöÞò ù, ö, ê, ãýñù áðü ôïõò Üîïíáò x,
y êáé z [18]. Káé óôéò äýï ðåñéðôþóåéò ÷ñåéÜæåôáé íá åßíáé
ãíùóôÝò ïé óõíôåôáãìÝíåò óôï óýóôçìá ôïõ áíôéêåéìÝíïõ
ôñéþí ôïõëÜ÷éóôïí óçìåßùí Þ êÜðïéåò óõíèÞêåò, ð.÷. ãíù-
óôïý ìÞêïõò, óõããñáììéêüôçôáò ê.ëð. 

4. H ÓÕÍOÑÈÙÓÇ ÔÙÍ ÌÉÊÑÙÍ ÄÉÊÔÕÙÍ
ÌÅ ÔÁÕÔO×ÑÏÍÇ ÅÊÔIÌÇÓÇ ÔÙÍ
ÓÖÁËÌAÔÙÍ ÏÑÉÆÏÍÔIÙÓÇÓ ÔÙÍ
ÈÅÏÄÏËI×ÙÍ

Óôçí ðåñßðôùóç ôùí êïéíþí èåïäïëß÷ùí (çëåêôñïíéêþí
Þ áêüìá êáé ïðôéêþí), ôï óöÜëìá ïñéæïíôßùóçò èá ðñÝðåé íá

åëÝã÷åôáé êáé, áí åßíáé óçìáíôéêü, íá óõìðåñéëáìâÜíåôáé
óôéò åîéóþóåéò ðáñáôçñÞóåùí, þóôå íá éó÷ýåé ç õðüèåóç
ôùí éóïâáñþí ðáñáôçñÞóåùí óôéò ãùíéïìåôñÞóåéò.

H ãùíßá äéåýèõíóçò áij, ç æåíßèéá ãùíßá æij êáé ç êåêëé-
ìÝíç áðüóôáóç dij, ðïõ ìåôñþíôáé áðü ôï óçìåßï Pi ðñïò ôï
óçìåßï Pj, ìå Ýíá �ìç ïñéæïíôéùìÝíï� èåïäüëé÷ï, óõíäÝïíôáé
ìå ôéò óõíôåôáãìÝíåò xi, yi, zi êáé xj, yj, zj ôùí óçìåßùí Pi, Pj
óôï ôïðéêü óýóôçìá áíáöïñÜò, ìÝóù ôùí ó÷Ýóåùí [16, 18]:

= (4.1)

üðïõ íi, ìi ïé óõíéóôþóåò áðüêëéóçò ôïõ ðñùôåýïíôïò Üîïíá
ôïõ èåïäïëß÷ïõ óôá åðßðåäá (x, z) êáé (y, z) áíôéóôïß÷ùò
(óõíéóôþóåò ôïõ óöÜëìáôïò ïñéæïíôßùóçò).

Ãñáììéêïðïéþíôáò ôéò ó÷Ýóåéò áõôÝò êáé èåùñþíôáò ôéò áðï-
êëßóåéò ôïõ ðñùôåýïíôïò Üîïíá ðïëý ìéêñÝò ( = 0, = 0),
ðñïêýðôïõí ïé åîéóþóåéò ãéá ôï áæéìïýèéï êáé ôç æåíßèéá
ãùíßá áíôéóôïß÷ùò: 

áij = − aT xi + aT xj + rT yi (4.2)

üðïõ yi =

åßíáé ïé óõíéóôþóåò ôïõ óöÜëìáôïò ïñéæoíôßùóçò,

rT =

o

êáé

æij = − dT xi + dT xj + tT yi (4.3)

üðïõ tT =

o
Oé åîéóþóåéò ðáñáôçñÞóåùí ôçò ïñéæüíôéáò äéåýèõíóçò,

êáèþò êáé ôçò ïñéæüíôéáò êáé ôçò æåíßèéáò ãùíßáò, ðáßñíïõí
ôç ìïñöÞ:

á. ôçò ïñéæüíôéáò äéåýèõíóçò

= − aT xi + aT xj − rT yi − äèk + (4.4)ä
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â. ôçò ïñéæüíôéáò ãùíßáò

= (a − a ) x − a xj + a xk (r − r ) yi+

(4.5)

üðïõ =

o

êáé =

o

ã. ôçò æåíßèéáò ãùíßáò

= − = − dT xi + dT xj + tT yi + (4.6)

Tï óýóôçìá ôùí åîéóþóåùí ðáñáôçñÞóåùí óå ìïñöÞ
ðéíÜêùí ãñÜöåôáé:

b = A x + B y + v (4.7)

üðïõ y åßíáé ôï äéÜíõóìá ôùí äíi, äìi. Ãéá ôç óõíüñèùóç ôùí

ìåôñÞóåùí ìðïñåß íá áêïëïõèçèåß ç ðáñáêÜôù ôå÷íéêÞ: 

á. Ó÷çìáôéóìüò ôùí êáíïíéêþí åîéóþóåùí

= (4.8)

â. Oñéóìüò ôïõ óõóôÞìáôïò áíáöïñÜò

Oé 2 íÝåò Üãíùóôåò ðáñÜìåôñïé äíi êáé äìi óå êÜèå óôáè-
ìü ðñïóèÝôïõí 2 âáèìïýò áäõíáìßáò óôï äßêôõï (óôñïöÞ
ãýñù áðü ôïõò Üîïíåò x êáé y). Eðßóçò, ïé åóùôåñéêÝò
äåóìåýóåéò ìðïñåß íá áíáöÝñïíôáé óôï óýíïëï ôùí áãíþ-
óôùí ðáñáìÝôñùí

x + y = 0 (4.9)

Þ äéá÷ùñéóìÝíá

y = 0 ,      x = 0 (4.10)

Þ ìüíï óôéò óõíôåôáãìÝíåò ôùí óçìåßùí (ìåñéêÝò åóùôåñéêÝò
äåóìåýóåéò) 

x = 0 (4.11)

H äåýôåñç ðåñßðôùóç åßíáé êáé ç ðéï ÷ñÞóéìç, åðåéäÞ ìáò
åíäéáöÝñåé êõñßùò íá ðñïóáíáôïëéóèåß ôï äßêôõï êáôÜ ôçí
êáôáêüñõöï êáé óôç óõíÝ÷åéá íá áîéïëïãçèåß ç áêñßâåéá ôùí
óõíôåôáãìÝíùí ôùí óçìåßùí ôïõ äéêôýïõ. 

O ðßíáêáò E ãåíéêÜ ôùí åóùôåñéêþí äåóìåýóåùí Ý÷åé ôç
ìïñöÞ: 

E = = 

(4.12) 

üðïõ N åßíáé ï óõíïëéêüò áñéèìüò ôùí êïñõöþí ôïõ äéêôýïõ,
m åßíáé ï áñéèìüò ôùí óçìåßùí óôÜóçò ôïõ èåïäïëß÷ïõ. KÜèå
õðïðßíáêáò ôïõ Å äßíåôáé óôïí ðßíáêá (2) ãéá ôéò ðåñéðôþóåéò
ôùí äåóìåýóåùí (4.9) êáé (4.11), åíþ ãéá ôçí ðåñßðôùóç (4.10)

åßíáé = I2 êáé ï äßíåôáé óôïí ðßíáêá (1).

H äïìÞ ôïõ ðßíáêá ôùí äåóìåýóåùí (4.9) êáé (4.11)
åßíáé ßäéá ìå áõôÞ ðïõ áíôéóôïé÷åß óôéò óõíéóôþóåò áðüêëé-
óçò ôçò êáôáêïñýöïõ óôá ïëïêëçñùìÝíá ãåùäáéôéêÜ äßêôõá
[16]. Ó÷åôéêÞ åñãáóßá ìå ôéò åóùôåñéêÝò äåóìåýóåéò óôá
ìéêñÜ äßêôõá Ý÷åé ãßíåé êáé áðü ôïí Camacho (1988).

Eêôüò áðü ôéò åóùôåñéêÝò äåóìåýóåéò, ôï óýóôçìá áíá-
öïñÜò ìðïñåß íá ïñéóèåß êáé ìå ôç âïÞèåéá ãíùóôþí óç-
ìåßùí åëÝã÷ïõ. AíÜëïãá ìå ôïí áñéèìü ôùí ãíùóôþí óç-
ìåßùí ïñßæïíôáé êáé ïé äåóìåýóåéò ùò åëÜ÷éóôåò Þ ðëåïíÜ-
æïõóåò.

Tï ìÝãåèïò ôïõ äéêôýïõ, óå ðåñéðôþóåéò õøçëÞò áêñß-
âåéáò êáé üôáí äåí õðÜñ÷ïõí ðáñáôçñÞóåéò áðïóôÜóåùí Þ
ãíùóôÜ óçìåßá åëÝã÷ïõ, ïñßæåôáé ìå ôç âïÞèåéá åéäéêþí âÜ-
óåùí (ð.÷. äßìåôñåò âÜóåéò invar) êáé ü÷é áðü ôéò åóùôåñéêÝò
äåóìåýóåéò. 

ã. Yðïëïãéóìüò ôçò ëýóçò 
Aí êáé ï ðéï áðëüò ôñüðïò åéóáãùãÞò äåóìåýóåùí åßíáé

ç äéáôÞñçóç ïñéóìÝíïõ áñéèìïý óôáèåñþí óõíôåôáãìÝíùí,
óôç óõíÝ÷åéá èá äþóïõìå ôç ëýóç ãéá åëÜ÷éóôåò äåóìåýóåéò
ôçò ìïñöÞò:

x = 0 Þ  y = 0, x = 0  Þ  x + y = 0

åðåéäÞ áðü ôéò ó÷Ýóåéò áõôÝò ðñïêýðôïõí êáé ïé åóùôåñéêÝò
äåóìåýóåéò:

x = 0 Þ  y = 0, x = 0  Þ  x + y = 0 

êáèþò êáé ïðïéåóäÞðïôå Üëëåò ìåñéêÝò åóùôåñéêÝò Þ åëÜ-
÷éóôåò äåóìåýóåéò. 

1. Óôçí ðåñßðôùóç ôùí åëá÷ßóôùí äåóìåýóåùí 

x + y = 0, ç ëýóç äßíåôáé áðü ôéò ó÷Ýóåéò:

= − + 

= + ,   = + (4.13)

= [ux � ] (4.14)

= [uy � ] (4.15)

= −− (4.16)
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= − + (4.18)

üðïõ  S−1 = ( )−1 ( )−1 (4.19)

2. Óôçí ðåñßðôùóç ôçò äéá÷ùñéóìÝíçò åéóáãùãÞò ôùí
åóùôåñéêþí äåóìåýóåùí

y = 0, x = 0

ëýóç äßíåôáé áðü ôéò ðñïçãïýìåíåò ó÷Ýóåéò, üðïõ üìùò

Rxy = Nxy êáé

= −− (4.20)

= + −

−− (4.21)

= − (4.22)

3. H ëýóç, óôçí ðåñßðôùóç ôùí åëá÷ßóôùí äåóìåýóåùí

x = 0

äßíåôáé áðü ôéò ó÷Ýóåéò: 

= [ux � ] (4.23)

= [uy � ] (4.24)

= −− (4.25)

= + (4.26)

= − (4.27)

üðïõ: = − + (4.28)

Oé åêôéìÞóåéò ôùí óöáëìÜôùí ôùí ðáñáôçñÞóåùí, ôçò
ìåôáâëçôüôçôáò áíáöïñÜò êáé ôïõ ðßíáêá ôùí óõíôåëåóôþí
ôùí (óõì)ìåôáâëçôïôÞôùí ôïõò äßíïíôáé áðü ôéò ó÷Ýóåéò:

= b − A − B = P (4.29)

= P−1 − A AT − A BT − B AT − B BT

(4.30)
üðïõ f = n + k − m  ïé âáèìïß åëåõèåñßáò ôïõ äéêôýïõ,
m = 3N+ q + d, q o óõíïëéêüò áñéèìüò ôùí ðáñáìÝôñùí äíi,
äìi. 

Tá óôïé÷åßá , ôïõ äéáíýóìáôïò óôç ãåíéêÞ ðå-
ñßðôùóç ïðïéùíäÞðïôå åëá÷ßóôùí äåóìåýóåùí ðåñéÝ÷ïõí,
åêôüò áðü ôéò óõíéóôþóåò ôùí óöáëìÜôùí ïñéæïíôßùóçò ôùí
ïñãÜíùí, êáé ôéò áðïêëßóåéò ôïõ óõóôÞìáôïò áíáöïñÜò ðïõ
ïñßóôçêå êáôÜ ôç óõíüñèùóç áðü ôï óýóôçìá ôïõ êÜèå
ïñãÜíïõ. Óôçí ðåñßðôùóç ðïõ ôï óýóôçìá áíáöïñÜò ïñßæå-
ôáé Ýôóé, þóôå ï Üîïíáò z íá ôáõôßæåôáé ìå ôïí ðñùôåýïíôá
Üîïíá åíüò ïñãÜíïõ, Þ ìÝóù ôùí åóùôåñéêþí äåóìåýóåùí
ôçò ó÷Ýóçò (4.10) ôá óôïé÷åßá , åêöñÜæïõí ôá ó÷åôé-
êÜ óöÜëìáôá ïñéæïíôßùóçò ùò ðñïò ôï óõãêåêñéìÝíï óýóôç-
ìá áíáöïñÜò. ¸íáò ïëéêüò Ýëåã÷ïò óçìáíôéêüôçôáò ôùí
óõíéóôùóþí ôùí óöáëìÜôùí ïñéæïíôßùóçò ãßíåôáé ôüôå óýì-
öùíá ìå ôïí ôýðï:
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Ðßíáêáò 2: Oé åóùôåñéêÝò äåóìåýóåéò ôïõ äéåõñõìÝíïõ ìïíôÝëïõ. 
Table 2: Inner constraints on 3D adjustment with extended model.



~ Fq,f (4.31)

O ðáñáðÜíù ôýðïò ìðïñåß íá ÷ñçóéìïðïéçèåß êáé ãéá ôïí
Ýëåã÷ï êáëÞò ëåéôïõñãßáò ôçò áåñïóôÜèìçò åíüò èåïäïëß÷ïõ
êáôÜ ôç âáèìïíüìçóÞ ôïõ.

5. OÉ ÃÅÙÌÅÔÑÉÊEÓ ÓÕÍÈHÊÅÓ 
ÙÓ ÄÅÓÌEYÓÅÉÓ ÓÔÇ ÓÕÍOÑÈÙÓÇ
ÔÙÍ ÌÉÊÑÙÍ ÄÉÊÔYÙÍ

Méá ðïëý ÷ñÞóéìç åðéëïãÞ óôéò óõíïñèþóåéò ôùí ìé-
êñïôñéãùíéóìþí õøçëÞò áêñßâåéáò åßíáé ç óõììåôï÷Þ ãåù-
ìåôñéêþí óõíèçêþí ìåôáîý ôùí óçìåßùí åëÝã÷ïõ ùò äå-
óìåýóåùí. TÝôïéåò óõíèÞêåò åßíáé: ç óõíèÞêç óõíåðéðåäü-
ôçôáò, ç óõíèÞêç åõèõãñáììßáò óôï ÷þñï Þ óôï åðßðåäï, ç
óõíèÞêç ðáñáëëçëßáò ìåôáîý äýï Þ ðåñéóóïôÝñùí åõèåéþí,
ç óõíèÞêç êáèåôüôçôáò ê.ëð. Oé ïõóéáóôéêÝò áõôÝò äå-
óìåýóåéò ÷ñçóéìïðïéïýíôáé:

á. Ãéá íá áõîÞóïõí ôïõò âáèìïýò åëåõèåñßáò ôïõ äéêôýïõ,
óõìðëçñþíïíôáò ôéò ðëçñïöïñßåò ôùí ðáñáôçñÞóåùí
ó÷åôéêÜ ìå ôéò ðáñáìÝôñïõò ôùí óöáëìÜôùí ïñéæï-
íôßùóçò ôùí èåïäïëß÷ùí. 

â. Ãéá ôïí ïñéóìü ôïõ ìåãÝèïõò, üôáí äåí ïñßæåôáé áðü ôéò
ðáñáôçñÞóåéò (ð.÷. ìå ôç âïÞèåéá äýï Þ ðåñéóóïôÝñùí
äéìÝôñùí âÜóåùí invar).

ã. Ãéá ôïí ðñïóáíáôïëéóìü ôùí èåïäïëß÷ùí, üôáí äåí óêï-
ðåýïíôáé êïéíÜ óçìåßá êáé ãéá íá áðïöåõ÷èïýí óêïðåý-
óåéò ìåôáîý ôùí èåïäïëß÷ùí (ð.÷. ðñïóáíáôïëéóìüò ôùí
èåïäïëß÷ùí ìå ôç âïÞèåéá óçìåßùí óå åõèõãñáììßá
[10]).  

ä. Ãéá ôïí Ýëåã÷ï óõãêåêñéìÝíùí ãåùìåôñéêþí óõíèçêþí
ðÜíù óôï áíôéêåßìåíï ðïõ åëÝã÷åôáé (ð.÷. Ýëåã÷ïò åõèõ-
ãñÜììéóçò ôïõ Üîïíá ôïõ áåñïóêÜöïõò).

Oé ãåùìåôñéêÝò óõíèÞêåò ùò äåóìåýóåéò ìðïñïýí íá
åéóá÷èïýí óôç óõíüñèùóç ôïõ äéêôýïõ ìå ôç âïÞèåéá åîé-
óþóåùí ôçò ìïñöÞò ôçò ó÷Ýóçò H x = z. H ëýóç ìðïñåß íá
ãßíåé ÷ñçóéìïðïéþíôáò äýï åðß ìÝñïõò êáé éóïäýíáìïõò
áëãüñéèìïõò, áíÜëïãá ìå ôéò äõíáôüôçôåò êáé ôç óõãêåêñé-
ìÝíç åöáñìïãÞ: ôïí åíéáßï êáé ôï äéá÷ùñéóìÝíï áëãüñéèìï. 

Óýìöùíá ìå ôïí åíéáßï áëãüñéèìï, ïé äåóìåýóåéò åéóÜ-
ãïíôáé óõíïëéêÜ, ìáæß ìå áõôÝò ãéá ôïí ïñéóìü ôïõ óõóôÞ-
ìáôïò áíáöïñÜò, ùò ðëåïíÜæïõóåò êáé ìå ôç âïÞèåéá ôïõ óõ-
óôÞìáôïò H x = z. H ëýóç äßíåôáé áðü ôéò ó÷Ýóåéò:

= − R−1 HT (H R−1 HT)−1 (H − z) (5.1)

üðïõ: R = N + HT H, = R−1 u (5.2)

H âÜóç ãéá ôï äéá÷ùñéóìÝíï áëãüñéèìï äßíåôáé áðü ôïõò
ðáñáêÜôù ôýðïõò: Aí ãñÜøïõìå ôï óýóôçìá H x = z ìå ôç
ìïñöÞ:

x = (5.3)

üðïõ ï ðßíáêáò H1 åßíáé ðëÞñïõò âáèìïý, ôïõëÜ÷éóôïí ßóïõ
ìå ôçí áäõíáìßá âáèìïý ôïõ ðßíáêá N, ôüôå ôï óýóôçìá 
H1 x = z1 äßíåé ôçí áñ÷éêÞ ëýóç:

= (N + H H1)−1 u + ET (H1 ET)−1 z1 (5.4)

= (N + H H1)−1 + ET (H1 ET)−1 (EH )−1 E (5.5)

ãéá ôçí ðåñßðôùóç ðïõ ïé äåóìåýóåéò áõôÝò åßíáé åëÜ÷éóôåò,
Þ ãåíéêüôåñá

= [ − ( )−1 ] u +

+ ( )−1 z1 (5.6)

= − ( )−1 (5.7)

(R1 = N + ), åíþ ôï óýóôçìá H2 x = z2 åéóÜãåé ôéò áõ-

óôçñÜ ïõóéáóôéêÝò äåóìåýóåéò. H ôåëéêÞ ëýóç äßíåôáé áðü
ôéò ó÷Ýóåéò:

= − (H2 )−1 (H2 − z2) (5.8)

= [ − (H2 )−1 H2 ] (5.9)

= {P−1 � A [ − (H2 )−1H2 ] AT}

(5.10)
Óýìöùíá ìå ôï äéá÷ùñéóìÝíï áëãüñéèìï, ïé áõóôçñÜ ïõ-

óéáóôéêÝò äåóìåýóåéò ìðïñïýí íá åéóá÷èïýí ìßá-ìßá ÷ù-
ñéóôÜ êáé ü÷é ôáõôü÷ñïíá üëåò ìáæß. ¸ôóé Ý÷ïõìå ôç äõíáôü-
ôçôá åëÝã÷ïõ êÜèå äÝóìåõóçò óå ó÷Ýóç ìå ôéò ðñïçãïýìåíåò
ëýóåéò [14, 19].

6. ÐÁÑAÄÅÉÃÌÁ ÅÖÁÑÌÏÃHÓ.
ÓYMÐEPAÓMATA

Ãéá ôçí õëïðïßçóç üëùí ôùí áëãïñßèìùí, ðïõ áöïñïýí
óôéò ðáñáðÜíù ðåñéðôþóåéò, óõíôÜ÷èçêå óôïí TïìÝá Ãåù-
äáéóßáò êáé Tïðïãñáößáò ôïõ AÐÈ Ýíá ïëïêëçñùìÝíï ðñü-
ãñáììá óõíüñèùóçò óå ãëþóóá Turbo C 2.01 (SMANET,
[11]), ôï ïðïßï ìÝóù öéëéêïý ðåñéâÜëëïíôïò åñãáóßáò (ìå-
íïý, ðáñÜèõñá, ìçíýìáôá ëáèþí ê.ëð.) ðñïóöÝñåé äéÜöïñåò
åðéëïãÝò, áíÜëïãá ìå ôçí ðåñßðôùóç ðïõ êÜèå öïñÜ åíäéá-
öÝñåé. Tï ðñüãñáììá ó÷åäéÜóôçêå ìå ëïãéêÞ "áíïéêôÞò áñ÷é-
ôåêôïíéêÞò" Ýôóé, þóôå íá åßíáé åýêïëá åðåêôÜóéìï óå ïðïéá-
äÞðïôå êáéíïýñãéá áíÜãêç (ð.÷. ìå êáéíïýñãéåò ãåùìåôñéêÝò
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óõíèÞêåò ðïõ åëÝã÷ïíôáé ìÝóù ôïõ äéá÷ùñéóìÝíïõ áëãï-
ñßèìïõ).

Ãéá ôïí Ýëåã÷ï ôüóï ôùí áëãïñßèìùí ðïõ áíáðôý÷èçêáí
üóï êáé ôïõ ðñïãñÜììáôïò SMANET, åãêáôáóôÜèçêå êáé
ìåôñÞèçêå Ýíá 3Ä äßêôõï óôï õðüãåéï ôïõ Åñãáóôçñßïõ
Öùôïãñáììåôñßáò ôïõ TATM/AÐÈ [11]. Óôï äßêôõï áõôü
÷ñçóéìïðïéÞèçêáí 3 èåïäüëé÷á (Wild T2) ãéá ôçí õëïðïßçóç
éóÜñéèìùí óçìåßùí óôÜóçò (óçìåßá áíáöïñÜò) êáé ìßá äßìå-
ôñç âÜóç invar ãéá ôïí ðñïóäéïñéóìü ôçò êëßìáêáò ôïõ
äéêôýïõ. Tá âáóéêÜ óçìåßá óêüðåõóçò áðïôåëïýóáí 19 óôü-
÷ïé (óçìåßá åëÝã÷ïõ), ôïðïèåôçìÝíïé óå äéÜöïñá êáôáêü-
ñõöá åðßðåäá ôùí ôïß÷ùí ôïõ åñãáóôçñßïõ. Tá óçìåßá áõôÜ
ðñïïñßæïíôáí ãéá ôçí ßäñõóç åíüò ðåäßïõ âáèìïíüìçóçò
öùôïãñáöéêþí ìç÷áíþí.

Tá 3 èåïäüëé÷á óôÞèçêáí óå ôõ÷áßåò èÝóåéò, áðÝíáíôé
áðü ôá óçìåßá óêüðåõóçò, êáé ìå ìßá üóï ôï äõíáôü ðéï êá-
íïíéêÞ äéÜôáîç (éóïðëåýñïõ ôñéãþíïõ), þóôå íá õðÜñ÷åé
êáëÞ ãåùìåôñßá óôï äßêôõï. H äßìåôñç âÜóç invar ôïðï-
èåôÞèçêå óå ïñéæüíôéá èÝóç, áíÜìåóá óôá èåïäüëé÷á êáé óôá
óçìåßá åëÝã÷ïõ. H ìÝóç ôéìÞ ôùí áðïóôÜóåùí óêüðåõóçò
áðü ôá 3 üñãáíá Þôáí ðåñßðïõ 5-6 m. Oé ìåôñÞóåéò, ðïõ
åêôåëÝóôçêáí óôï äßêôõï, Þôáí ïñéæüíôéåò äéåõèýíóåéò (óå 6
ðåñéüäïõò) êáé æåíßèéåò ãùíßåò (óå 4 ðåñéüäïõò). 

Iäéáßôåñá äýóêïëåò, üðùò Þôáí áíáìåíüìåíï, áðïäåß-
÷èçêáí ïé áëëçëïóêïðåýóåéò ìåôáîý ôùí èåïäïëß÷ùí, ìÝóù
ôçò óêüðåõóçò ôïõ óôáõñïíÞìáôïò ôïõ åíüò áðü ôï Üëëï.
Aõôü ïöåéëüôáí êáôÜ êýñéï ëüãï óôéò ðïëý Üó÷çìåò óõíèÞ-
êåò öùôéóìïý ôïõ ÷þñïõ êáé óôï ãåãïíüò üôé ôÝôïéïõ åßäïõò
óêïðåýóåéò áðáéôïýí áö� åíüò ìåãÜëç åìðåéñßá êáé áö� åôÝ-
ñïõ åéäéêÜ ôçëåóêüðéá êáé óõóôÞìáôá åóôßáóçò óôá èåïäü-
ëé÷á. Oé ðáñáôçñÞóåéò áõôÝò èåùñÞèçêáí êáô� áñ÷Þí áðá-
ñáßôçôåò, þóôå íá âåëôéùèåß ç ãåùìåôñßá ôïõ äéêôýïõ, éäéáß-
ôåñá óôçí ðåñßðôùóç ðïõ áõôü óõíïñèþíåôáé óýìöùíá ìå
ôï äéåõñõìÝíï ìïíôÝëï. Ðáñ� üëá áõôÜ ïé Üó÷çìåò óõíèÞêåò
äåí åðÝôñåøáí ôéò ðáñáôçñÞóåéò áðü ôï Ýíá óçìåßï óôÜóçò
(óõãêåêñéìÝíá ôï óçìåßï 2 ôïõ äéêôýïõ) ðñïò ôá 2 Üëëá
(óçìåßá 1 êáé 3 ôïõ äéêôýïõ).

Tï äßêôõï áíôéìåôùðßóôçêå êáé ìå ôá 2 ìïíôÝëá óõíüñ-
èùóçò ðïõ Ý÷ïõí áíáöåñèåß (áðëü êáé äéåõñõìÝíï). Eðßóçò,
óôçí ðåñßðôùóç ôçò óõíüñèùóçò ìÝóù ôïõ áðëïý ìïíôÝëïõ
Ýãéíå ìßá åðéðëÝïí äéáöïñïðïßçóç, ó÷åôéêÜ ìå ôçí åéóáãùãÞ
Þ ü÷é óôéò ðáñáôçñÞóåéò, ôùí óêïðåýóåùí ðïõ Ýãéíáí áíÜ-
ìåóá óôá èåïäüëé÷á. ¸ôóé ëïéðüí:

l H ëýóç 1 áíáöÝñåôáé óôç óõíüñèùóç ìå ôï áðëü ìï-
íôÝëï, üôáí óôéò ðáñáôçñÞóåéò äåí ðåñéëáìâÜíïíôáé ïé
óêïðåýóåéò ìåôáîý ôùí èåïäïëß÷ùí.

l H ëýóç 2 áíáöÝñåôáé óôç óõíüñèùóç ìå ôï áðëü ìï-
íôÝëï, üôáí óôéò ðáñáôçñÞóåéò ðåñéëáìâÜíïíôáé êáé ïé
óêïðåýóåéò ìåôáîý ôùí èåïäïëß÷ùí.

l H ëýóç 3 áíáöÝñåôáé óôç óõíüñèùóç ìå ôï äéåõñõìÝíï
ìïíôÝëï, üôáí óôéò ðáñáôçñÞóåéò ðåñéëáìâÜíïíôáé êáé ïé
óêïðåýóåéò ìåôáîý ôùí èåïäïëß÷ùí.

Ãéá ôéò ëýóåéò 1 êáé 2 ôï ôïðéêü óýóôçìá áíáöïñÜò ïñß-
óôçêå ìå ôç âïÞèåéá åëá÷ßóôùí óôáèåñþí óõíôåôáãìÝíùí.
ÓõãêåêñéìÝíá, êñáôÞèçêáí êáôÜ ôç óõíüñèùóç óôáèåñÝò ïé
3 óõíôåôáãìÝíåò (x, y, z) ôïõ åíüò Üêñïõ ôçò äßìåôñçò âÜóçò
(óçìåßï 10 ôïõ äéêôýïõ) êáé ïé óõíôåôáãìÝíåò (x, y) ôïõ
Üëëïõ Üêñïõ ôçò âÜóçò (óçìåßï 20 ôïõ äéêôýïõ). Må ôïí
ôñüðï áõôüí ôï ôïðéêü óýóôçìá èá Ý÷åé ôçí áñ÷Þ ôïõ óôï
óçìåßï 10 êáé ðñïóáíáôïëéóìü óôï ïñéæüíôéï åðßðåäï xy
Ýôóé, þóôå ç äéåýèõíóç 10-20 íá åßíáé ðáñÜëëçëç ðñïò ôïí
Üîïíá ôùí x. H êëßìáêá ôïõ äéêôýïõ èá åßíáé ôÝôïéá, þóôå ôï
ïñéæüíôéï ìÞêïò ôçò âÜóçò íá äéáôçñåßôáé óôáèåñü ìå 2 m. 

Oé äéáöïñÝò óôéò óõíïñèùìÝíåò óõíôåôáãìÝíåò ôùí
óçìåßùí, ðïõ ðñïÝêõøáí áðü ôéò 2 áõôÝò ëýóåéò, Þôáí åëÜ÷é-
óôåò (ç ìåãáëýôåñç Þôáí 1mm). Oé ôõðéêÝò áðïêëßóåéò ôùí
óõíôåôáãìÝíùí êáé óôéò 2 ðåñéðôþóåéò êõìáßíïíôáí áðü
0.05-0.25mm êáé äéáôçñïýíôáí, êáôÜ óçìåßï, óôáèåñÝò.
ÓôáèåñÜ, åðßóçò, ðáñÝìåíáí êáé ôá óôïé÷åßá ôùí åëëåéøïåé-
äþí óöÜëìáôïò ãéá êÜèå óçìåßï ôïõ äéêôýïõ. H óýãêñéóç
ôùí óôáôéóôéêþí óôïé÷åßùí ôùí 2 ëýóåùí öáßíåôáé óôïí
ðßíáêá 3.

Ðñïêýðôåé ëïéðüí üôé ãéá ôéò ëýóåéò 1 êáé 2 äåí õðÜñ÷ïõí
ïõóéáóôéêÝò äéáöïñÝò óôá áðïôåëÝóìáôá ôçò óõíüñèùóçò.
Óçìåéþíåôáé, üìùò, óôï óçìåßï áõôü üôé êáôÜ ôç óÜñùóç
äåäïìÝíùí, ãéá ôçí ðåñßðôùóç ôçò ëýóçò 2, ðáñïõóéÜóôçêáí
ðñïâëÞìáôá óå üëåò ó÷åäüí ôéò ðáñáôçñÞóåéò ðïõ áöïñïý-
óáí óôéò áëëçëïóêïðåýóåéò ìåôáîý ôùí 2 èåïäïëß÷ùí. MåôÜ
ôéò äéáäï÷éêÝò óõíïñèþóåéò ðïõ Ýãéíáí, ðáñÝìåéíáí ôåëéêÜ
óôç óõíüñèùóç ìüíï 3 áðü ôéò 8 óõíïëéêÜ áëëçëïóêï-
ðåýóåéò ôùí ïñãÜíùí. Må âÜóç ôï óôïé÷åßï áõôü åðéâåâáéþ-
íïõìå ôçí áñ÷éêÞ õðüèåóç ó÷åôéêÜ ìå ôçí åðéêéíäõíüôçôá
ôÝôïéïõ åßäïõò óêïðåýóåùí. 

Ó÷åôéêÜ ìå ôç ëýóç 3, ôï ôïðéêü óýóôçìá áíáöïñÜò êáô�
áñ÷Þí ïñßóôçêå Ýôóé, þóôå ï Üîïíáò ôïõ z íá ôáõôßæåôáé ìå
ôïí ðñùôåýïíôá Üîïíá ôïõ èåïäïëß÷ïõ ðïõ óôÞèçêå óôï
óçìåßï 1 ôïõ äéêôýïõ. Ãéá ôéò õðüëïéðåò 5 ðáñáìÝôñïõò ôïõ
óõóôÞìáôïò ÷ñçóéìïðïéÞèçêáí ïé ßäéåò äåóìåýóåéò ìå ôéò
ëýóåéò 1 êáé 2. ÐñÝðåé íá åðéóçìáíèåß ôï ãåãïíüò üôé ç ëýóç
áõôÞ ôïõ äéêôýïõ, èåùñçôéêÜ, äåí åßíáé óõãêñßóéìç (ùò ðñïò
ôéò óõíôåôáãìÝíåò ôùí óçìåßùí) ìå ôéò 2 ðñïçãïýìåíåò
ëýóåéò, áöïý ôá óõóôÞìáôá áíáöïñÜò, ðïõ ïñßæïíôáé áðü ôç
óõíüñèùóç, èá äéáöÝñïõí. ÐñáêôéêÜ âÝâáéá ç óôñïöÞ ìåôá-
îý ôùí óõóôçìÜôùí èá åßíáé ðïëý ìéêñÞ (áöïý ôá óöÜëìáôá
ïñéæïíôßùóçò åßíáé ìéêñÝò ðïóüôçôåò), þóôå ìå äåäïìÝíåò ôéò
ðïëý êïíôéíÝò áðïóôÜóåéò ìåôáîý ôùí óçìåßùí, ïé óõíôåôáã-
ìÝíåò ôïõò íá åßíáé ðåñßðïõ ïé ßäéåò. Tï ãåãïíüò áõôü
åðéâåâáéþíåôáé êáé áðü ôá áðïôåëÝóìáôá ôçò óõíüñèùóçò,
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áðü üðïõ âëÝðïõìå üôé, óå ó÷Ýóç ìå ôéò 2 ðñïçãïýìåíåò
ëýóåéò, ç ìåãáëýôåñç äéáöïñÜ ôùí óõíôåôáãìÝíùí åßíáé 2 mm.
Oé áêñßâåéåò õðïëïãéóìïý ôùí óõíïñèùìÝíùí óõíôåôáãìÝ-
íùí öáßíåôáé íá åßíáé êáôÜ ôé êáëýôåñåò áðü ôéò 2
ðñïçãïýìåíåò ëýóåéò, áöïý áõôÝò êõìáßíïíôáí áðü 0.05-
0.15 mm. Ùò ðñïò ôçí áîéïëüãçóç ôçò áîéïðéóôßáò ôçò ëý-
óçò, ôá óôáôéóôéêÜ óôïé÷åßá Ýäéíáí ôçí ßäéá éêáíïðïéçôéêÞ
åéêüíá ìå áõôÜ ôùí 2 ðñïçãïõìÝíùí ëýóåùí.

O Ýëåã÷ïò óçìáíôéêüôçôáò ôùí åðéäñÜóåùí ôùí óõíé-
óôùóþí ôùí óöáëìÜôùí ïñéæïíôßùóçò Ýäåéîå üôé áõôÜ äåí
åßíáé óçìáíôéêÜ. H ôéìÞ ôçò óôáôéóôéêÞò ðïóüôçôáò ôçò ó÷Ý-
óçò (4.31) Þôáí 1.12 êáé ãéá Ýíá åðßðåäï óçìáíôéêüôçôáò
(a=0.05) ðåñíïýóå ôïí Ýëåã÷ï (Fq, f = 2.3 ìå a=0.05, f=52 êáé
q=6). Tï ìÝãåèïò ôùí óõíéóôùóþí áõôþí Þôáí 12.5 êáé 2.4
cc ãéá ôï óçìåßï óôÜóçò 2 êáé 11.1 êáé 35.0 cc ãéá ôï óçìåßï
óôÜóçò 3. Tï ãåãïíüò áõôü åðéôñÝðåé, óå ðáñüìïéåò ðåñéðôþ-
óåéò, ôçí åê íÝïõ óõíüñèùóç ôïõ äéêôýïõ ìå ôï áðëü ìïíôÝ-
ëï. Óôçí ðåñßðôùóÞ ìáò, ðñÜãìáôé ç óõíüñèùóç áõôÞ
(ëýóåéò 1 êáé 2) äåß÷íåé üôé ôá óöÜëìáôá ïñéæïíôßùóçò äåí
åßíáé óçìáíôéêÜ, áöïý ÷ùñßò êáìßá éäéáßôåñç áíôéìåôþðéóÞ
ôïõò êáé ï ïëéêüò Ýëåã÷ïò ôçò ìåôáâëçôüôçôáò áíáöïñÜò ãéá
ôï ðéï ðÜíù åðßðåäï óçìáíôéêüôçôáò ãßíåôáé áðïäåêôüò,
áëëÜ êáé ïé ðáñáôçñÞóåéò óôç óÜñùóç äåäïìÝíùí Ýãéíáí
áðïäåêôÝò. 

Óôï ðáñÜäåéãìá ðïõ áíáëýèçêå, ôá óöÜëìáôá ïñéæï-
íôßùóçò äåí åßíáé óçìáíôéêÜ. EðïìÝíùò, ç ëýóç ôïõ áðëï-
ðïéçìÝíïõ ìïíôÝëïõ ãßíåôáé áðïäåêôÞ.

Eðßóçò, ìåôÜ ôçí åöáñìïãÞ óôáôéóôéêþí åëÝã÷ùí ðñïêý-
ðôåé üôé ïé ëýóåéò (1) êáé (2) ìðïñïýí íá èåùñçèïýí éóï-
äýíáìåò. H ìÝôñçóç åðïìÝíùò ôïõ äéêôýïõ ìðïñåß íá ãßíåé
êáé ìå Ýíá èåïäüëé÷ï, óýìöùíá ìå üóá áíáðôý÷èçêáí óôçí
åéóáãùãÞ. 

Ó÷åôéêÜ ìå ôç óçìáíôéêüôçôá ôùí åðéäñÜóåùí ôùí óöáë-
ìÜôùí ïñéæïíôßùóçò èá èÝëáìå óõìðåñáóìáôéêÜ íá óç-
ìåéþóïõìå ôá åîÞò: 

á. Oé åðéäñÜóåéò ôïõ óöÜëìáôïò ïñéæïíôßùóçò ìðïñåß íá
åßíáé áóÞìáíôåò óôéò ðáñáôçñÞóåéò, ïðüôå áêïëïõèïýìå
ôï áðëïðïéçìÝíï ìïíôÝëï óõíüñèùóçò. 

â. Mðïñåß íá öáßíïíôáé óçìáíôéêÝò óôéò ðáñáôçñÞóåéò, áë-
ëÜ íá åßíáé áóÞìáíôåò óôéò ôåëéêÝò óõíôåôáãìÝíåò. Óôçí
ðåñßðôùóç áõôÞ, Ý÷ïõìå ðñüâëçìá óôáôéóôéêÞò áîéï-
ëüãçóçò ôùí áðïôåëåóìÜôùí. Ãéá ôç óùóôÞ áíôéìå-
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Ðßíáêáò 3: ÓôáôéóôéêÜ óôïé÷åßá ãéá ôç óýãêñéóç ôùí ëýóåùí.
Table 3: Statistics for the comparison of the solutions.

ôþðéóç Þ äéåõñýíïõìå ôï óôï÷áóôéêü ìïíôÝëï, õðïëïãß-
æïíôáò ôéò ìåôáâëçôüôçôåò ôùí ðáñáôçñÞóåùí ìå ôç
âïÞèåéá ôýðùí ðïõ ðåñéãñÜöïõí ôéò åðéäñÜóåéò ôïõ
óöÜëìáôïò áõôïý óôçí ôåëéêÞ áêñßâåéá ôçò ìÝôñçóçò
[17, 18], êáé óõíïñèþíïõìå óýìöùíá ìå ôïí áðëïðïéç-
ìÝíï áëãüñéèìï ôïõ êåöáëáßïõ 3, Þ äå÷üìáóôå ùò ôéìÝò
ôùí ìåôáâëçôïôÞôùí áõôÝò ðïõ ðñïêýðôïõí áðü ôéò
óõíïñèþóåéò óôáèìþí êáé óõíïñèþíïõìå ìå ôï äéåõ-
ñõìÝíï ìïíôÝëï, óýìöùíá ìå ôï êåöÜëáéï 4.

ã. Oé åðéäñÜóåéò íá åßíáé óçìáíôéêÝò ôüóï óôéò ðáñáôçñÞ-
óåéò üóï êáé óôá ôåëéêÜ áðïôåëÝóìáôá. Óôçí ôñßôç áõôÞ
ðåñßðôùóç, åðéâÜëëåôáé ç óõíüñèùóç ìå ôï äéåõñõìÝíï
ìïíôÝëï ôïõ êåöáëáßïõ 4 ôçò åñãáóßáò, üðïõ óõììå-
ôÝ÷ïõí ùò Üãíùóôåò ðáñÜìåôñïé êáé ïé óõíéóôþóåò ôïõ
óöÜëìáôïò. Oé ìåôáâëçôüôçôåò ôùí ðáñáôçñÞóåùí ðñï-
êýðôïõí áðü ôéò óõíïñèþóåéò óôáèìþí. 
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Abstract
The problems arising from theodolite errors in 3D Close-Range
networks are presented. These kinds of networks are established in
industrial applications (machinery alignment, best fittings, etc.), in
surveying of monuments, etc. Special instrumentation, measurement
techniques and solution algorithms are presented. Simple and
extended models with additional parameters for leveling errors are
analysed with emphasis on the reference frame definition problems.

1. INTRODUCTION

The role and the applications of Close-Range 3d Net-
works are described and the main inherent problems are discus-
sed. The basic differences between the classical surveying
networks and the Close-Range networks are outlined and,
finally, a detailed overview of the various ways of dealing
with the specific problems is given.

2. ADJUSTMENT OF CLOSE-RANGE 
3D-NETWORKS

The main algorithm for the adjustment of 3D Close-
Range networks, in the case where the mechanical errors of
the theodolites are negligible, or are dealt with special
measuring techniques and/or extended stochastic models, is
analytically presented. The adjusted coordinates of the points
are determined with respect to a reference frame whose ver-
tical axis is realized by the main axis of the theodolites. In
other words, the measured zenith angles from each reference
point of the network define the orientation of the vertical axis
of the reference frame. The transformation into another refe-
rence frame (e.g. realized onto measured object) can be made
through a similarity transformation after the adjustment, or
simultaneously in the adjustment algorithm.

3. ADJUSTMENT OF CLOSE-RANGE 
3D-NETWORKS WITH SIMULTANEOUS
ESTIMATION OF LEVELING ERRORS
OF THEODOLITES

In this part an extended mathematical model is derived
which includes the leveling errors of the theodolites as addi-
tional parameters in the adjustment algorithm. Special
emphasis is given to the problem of definition of the refe-
rence frame of the network (rank deficiency), since the
measured zenith angles from each reference point do not
define a common spatial direction in this case. Various types
of minimal constraints may be used, which can refer to the
coordinates of the points only, or to both coordinates and
parameters of the leveling errors. The analytical forms of the
inner constraints for the two previous cases are presented and
a third alternative is given, where the minimal constraints can
be entered separately in two different steps. In the first step
the vertical axis is defined and in the second step the remai-
ning parameters for the definition of the reference frame are
defined. 

4. INCLUSION OF GEOMETRICAL 
CONSTRAINTS INTO THE ADJUSTMENT

A very useful option in the adjustment of Close-Range
3D Networks is the participation of geometrical relationships
between the points as additional constraints in the solution
algorithm (eg. parallelism, perpendicularity, coplanarity,
points on arc, etc.). The inclusion of this kind of constraints
in the solution algorithm increases the degrees of freedom in
the network and complements the information of the original
observations for a better estimation of the leveling errors of
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the theodolites, especially when sights between theodolites
have been avoided and a stronger geometry is needed. For the
adjustment with geometrical constraints two different, but
equivalent algorithms are presented, which can be applied
regarding their capabilities and limitations and the character
of the specific application. 

5. APPLICATION WITH REAL DATA

In order to justify the developed algorithms for the adjust-
ment of 3D Close-Range Networks and to test the computer
program SMANET, which was created for this purpose, a
network was established and measured in the Department of
Surveying Engineering, University of Thessaloniki. Three
optical theodolites were used for the realization of three refe-
rence points and a invar baseline was set for the determi-

nation of the scale in the network. The control points had
been materialized by nineteen special designed targets, which
were placed in four different vertical planes. These control
points were designed to create a 3D network for calibration
of photogrammetric cameras. In this part the results of the
analysis of this network with the various alternative al-
gorithms are presented and the comparison between them is
discussed. 

23Tå÷í. ×ñïí. Åðéóô. ¸êä. ÔÅÅ, É, ôåý÷. 3  1999  Tech. Chron. Sci. J. TCG, I, No 3

Chr. Kotsakis, 
Rural and surveying engineer, Ph.D. student, Department of Geomatics Engineering, The University of Calgary, 2500 University Drive
N.W., Calgary, Alberta, Canada T2N 1N4. 
D. Rossikopoulos, 
Associate professor, Department of Geodesy and Surveying, School of Technology, Aristotle University of Thessaloniki, Univ. Box. 473,
GR-540 06 Thessaloniki.


