
Ðåñßëçøç

Óçìáíôéêü ôìÞìá ôïõ óõíïëéêïý ÷ñüíïõ äéáäñïìÞò ôùí Ìáæéêþí

ÌÝóùí Ìåôáöïñþí (ÌÌÌ) êáôáíáëþíåôáé óôéò ðåñéï÷Ýò ôùí

óçìáôïäïôïýìåíùí êüìâùí. Ç âåëôßùóç ôçò êßíçóÞò ôïõò óôéò

ðåñéï÷Ýò áõôÝò ìðïñåß íá Ý÷åé åõåñãåôéêÜ áðïôåëÝóìáôá ôüóï ãéá ôçí

êßíçóç ôùí ÌÌÌ üóï êáé ãåíéêüôåñá ãéá ôçí êßíçóç ôùí õðïëïßðùí

ï÷çìÜôùí óôçí ðüëç. Óôçí ðáñïýóá åñãáóßá áíáëýåôáé ç êßíçóç ôùí

ëåùöïñåßùí óôçí ðåñéï÷Þ ôùí óçìáôïäïôïýìåíùí êüìâùí ðïéïôéêÜ

êáé ðïóïôéêÜ. Óôç óõíÝ÷åéá, ðñïôåßíïíôáé ìáèçìáôéêÜ ðñüôõðá ãéá

ôïí õðïëïãéóìü ôïõ ôìÞìáôïò åêåßíïõ ôïõ ÷ñüíïõ ðáñáìïíÞò åíüò

ëåùöïñåßïõ óôç óôÜóç, ôï ïðïßï óõìðßðôåé åßôå ìå ôçí ðñÜóéíç Ýíäåé-

îç åßôå ìå ôçí êüêêéíç Ýíäåéîç ôïõ öùôåéíïý óçìáôïäüôç. Ôá ðñüôõ-

ðá áõôÜ Ý÷ïõí ùò áíåîÜñôçôåò ìåôáâëçôÝò ôï ëüãï ôçò äéÜñêåéáò ôçò

ðñÜóéíçò Ýíäåéîçò ôïõ óçìáôïäüôç ðñïò ôç óõíïëéêÞ äéÜñêåéá ôçò

ðåñéüäïõ óçìáôïäüôçóçò, êáèþò êáé ôï óõíïëéêü ÷ñüíï ðáñáìïíÞò

åíüò ëåùöïñåßïõ óôç óôÜóç. Ç åöáñìïãÞ ôùí ðñïôýðùí ðáñïõóßáóå

éêáíïðïéçôéêÜ áðïôåëÝóìáôá.

1. ÅÉÓÁÃÙÃÇ

Ç âåëôßùóç êáé ç ðñïíïìéáêÞ ìåôá÷åßñéóç ôùí Ìáæéêþí

ÌÝóùí Ìåôáöïñþí (ÌÌÌ) áðïôåëïýí êáôçãïñßá ìÝôñùí

ðïõ ìðïñåß íá Ý÷åé ôá ðéï åõåñãåôéêÜ áðïôåëÝóìáôá ôüóï ãéá

ôçí êáëýôåñç áîéïðïßçóç ôùí õöéóôÜìåíùí óõóôçìÜôùí

ìåôáöïñþí êáé ôçí áðïöõãÞ êáôáóêåõÞò íÝùí, üóï êáé ãéá

ôç âåëôßùóç ôùí áñíçôéêþí åðéðôþóåùí áðü ôçí åêôåôáìÝ-

íç ÷ñçóéìïðïßçóç ôùí åðéâáôéêþí áõôïêéíÞôùí [1, 2].

ÅêôéìÜôáé üôé óôéò êåíôñéêÝò ðåñéï÷Ýò ôùí ðüëåùí ôï

10�20% ôïõ óõíïëéêïý ÷ñüíïõ äéáäñïìÞò ôùí ëåùöïñåßùí

áöïñÜ óôçí áíáìïíÞ ôïõò óôïõò óçìáôïäïôïýìåíïõò êüì-

âïõò [1]. ¸íá óçìáíôéêü ôìÞìá áõôÞò ôçò êáèõóôÝñçóçò

ïöåßëåôáé óôï ãåãïíüò üôé ç äõíáôüôçôá óõíå÷ïýò êßíçóçò,

ðïõ ðñïóöÝñåé ìéá êáôÜëëçëá óõíôïíéóìÝíç óçìáôïäüôçóç

(ðñÜóéíï êýìá) óôá åðéâáôéêÜ áõôïêßíçôá, äåí áîéïðïéåßôáé

áðü ôá ï÷Þìáôá ôùí äçìïóßùí óõãêïéíùíéþí (ó÷Þìá 1).

Áõôü óõìâáßíåé, åðåéäÞ ëüãù ôùí óôÜóåùí äåí åßíáé äõíá-

ôüí íá áêïëïõèÞóïõí ôç ìÝóç ôá÷ýôçôá êßíçóçò ãéá ôçí

ïðïßá Ý÷ïõí óõíôïíéóôåß ïé öùôåéíïß óçìáôïäüôåò [1, 2, 8]. 
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Ó÷Þìá 1: ÄéÜãñáììá ÷ñüíùí � áðïóôÜóåùí ãéá ëåùöïñåßï.

Figure 1: Time � Space diagram for bus.

Ï óêïðüò ôçò ðáñïýóáò åñãáóßáò åßíáé áö� åíüò ìåí ç

áíÜëõóç ôçò êßíçóçò ôùí ëåùöïñåßùí êïíôÜ óå óçìáôïäï-

ôïýìåíïõò êüìâïõò êáé åéäéêüôåñá ôùí ÷ñüíùí áíáìïíÞò ãéá

åðéâßâáóç Þ áðïâßâáóç åðéâáôþí, êáé áö� åôÝñïõ ç ìáèçìá-

ôéêÞ ðñïóïìïßùóç (ìå áíÜðôõîç ìáèçìáôéêþí ðñïôýðùí)

ôçò ðáñáìïíÞò ôïõò óôç óôÜóç ãéá åðéâßâáóç êáé áðïâßâá-

óç åðéâáôþí óå ó÷Ýóç ìå ôçí Ýíäåéîç ôïõ öùôåéíïý óçìáôï-

äüôç.

2. ÓÕÌÂÏËÉÓÌÏÉ 

C Ç óõíïëéêÞ äéÜñêåéá ôçò óçìáôïäüôçóçò

(ðåñßïäïò).



G/C Ï ëüãïò ôçò äéÜñêåéáò ôçò ðñÜóéíçò Ýíäåéîçò

(G) ðñïò ôç óõíïëéêÞ äéÜñêåéá ôçò óçìáôïäü-

ôçóçò (C).

R/C Ï ëüãïò ôçò äéÜñêåéáò ôçò êüêêéíçò Ýíäåéîçò

(R) ðñïò ôç óõíïëéêÞ äéÜñêåéá ôçò óçìáôïäü-

ôçóçò (C).

Dt Ï óõíïëéêüò ÷ñüíïò ðáñáìïíÞò åíüò ëåùöï-

ñåßïõ óôç óôÜóç.

tc ×ñüíïò åêêÝíùóçò.

R2 Ðïëëáðëüò óõíôåëåóôÞò ðñïóäéïñéóìïý ôçò

áíÜëõóçò ðáëéíäñüìçóçò.

F ÔéìÞ óôáôéóôéêïý åëÝã÷ïõ F.

[Dt(G)/G] Ôï ôìÞìá ôïõ óõíïëéêïý ÷ñüíïõ ðáñáìïíÞò

ôïõ ëåùöïñåßïõ óôç óôÜóç Dt(G), ôï ïðïßï

óõìðßðôåé ìå ôçí ðñÜóéíç Ýíäåéîç ôïõ óçìá-

ôïäüôç, ùò ðïóïóôü (%).

[Dt(R)/R] Ôï ôìÞìá ôïõ óõíïëéêïý ÷ñüíïõ ðáñáìïíÞò

ôïõ ëåùöïñåßïõ óôç óôÜóç Dt(R), ôï ïðïßï

óõìðßðôåé ìå ôçí êüêêéíç Ýíäåéîç ôïõ óçìáôï-

äüôç, ùò ðïóïóôü (%).

constant ÓôáèåñÞ ðáñÜìåôñïò ôïõ ìáèçìáôéêïý ðñïôý-

ðïõ.

dummy ÐïéïôéêÞ ìåôáâëçôÞ.

t Óôáôéóôéêüò Ýëåã÷ïò t � Student.

á ÄéÜóôçìá åìðéóôïóýíçò.

3. ÌÅÈÏÄÏËÏÃÉÁ

Óå ìßá óôÜóç, ðïõ âñßóêåôáé êïíôÜ óå óçìáôïäüôç, Ýíá

ëåùöïñåßï ìðïñåß íá áöé÷èåß ìå Ýíäåéîç ôïõ óçìáôïäüôç

åßôå ðñÜóéíç åßôå êüêêéíç. ÊáôÜ óõíÝðåéá ï ÷ñüíïò ðáñáìï-

íÞò óôç óôÜóç ðïõ áðáéôåßôáé ãéá ôçí áðïâßâáóç êáé/Þ åðé-

âßâáóç ôùí åðéâáôþí åßíáé äõíáôüí íá óõìðÝóåé ìå ôìÞìá Þ

áêüìá êáé ìå ôï óýíïëï ôçò ÷ñïíéêÞò äéÜñêåéáò ôçò ðñÜóé-

íçò (G) Þ/êáé ôçò êüêêéíçò (R) Ýíäåéîçò. 

Ôï ôìÞìá ôïõ ÷ñüíïõ ðáñáìïíÞò óôç óôÜóç, ðïõ óõìðß-

ðôåé ìå ôçí ðñÜóéíç Ýíäåéîç, åßíáé áõôü ðïõ åðçñåÜæåé ôçí

êßíçóç ôùí ëåùöïñåßùí êáé êáôÜ óõíÝðåéá ôçí êõêëïöïñéá-

êÞ éêáíüôçôá ôçò ïäïý, áöïý ôá õðüëïéðá ï÷Þìáôá åðçñåÜ-

æïíôáé áðü ôéò óôÜóåéò ôùí ëåùöïñåßùí. Ôï ôìÞìá ôïõ ÷ñü-

íïõ ðáñáìïíÞò óôç óôÜóç, ðïõ óõìðßðôåé ìå ôçí êüêêéíç

Ýíäåéîç, äåí åðçñåÜæåé ôßðïôá áðü ôá ðáñáðÜíù, áöïý Ýôóé

êáé áëëéþò ðñüêåéôáé ãéá ÷ñüíï ðïõ ôï ëåùöïñåßï ðáñáìÝíåé

áêéíçôïðïéçìÝíï [1, 8].

ÅðïìÝíùò ðáñÜìåôñïé, üðùò åßíáé ï ëüãïò G/C êáé ï

óõíïëéêüò ÷ñüíïò ðáñáìïíÞò åíüò ëåùöïñåßïõ óôç óôÜóç,

åßíáé éäéáßôåñá óçìáíôéêÝò êáé èá ðñÝðåé íá ëçöèïýí õðüøç

óôçí áíÜðôõîç ôùí ðñïôýðùí ðñïóïìïßùóçò. ¢ëëç óçìá-

íôéêÞ ðáñÜìåôñïò åßíáé ç Ýíäåéîç ôïõ óçìáôïäüôç (ðñÜóéíç

Þ êüêêéíç) êáôÜ ôçí ïðïßá ôï ëåùöïñåßï óôáìáôÜ óôç óôÜóç

ãéá íá åîõðçñåôÞóåé ôïõò åðéâÜôåò.

Áðáéôåßôáé ëïéðüí ï ðñïóäéïñéóìüò ôïõ ôìÞìáôïò ôïõ

óõíïëéêïý ÷ñüíïõ ðáñáìïíÞò åíüò ëåùöïñåßïõ óôç óôÜóç, ï

ïðïßïò óõìðßðôåé ìå ôìÞìá ôçò ðñÜóéíçò Þ ôçò êüêêéíçò

Ýíäåéîçò ôïõ óçìáôïäüôç. Ãéá ôï óêïðü áõôüí áíáðôýóóï-

íôáé ìáèçìáôéêÜ ðñüôõðá, óôá ïðïßá ïé áíåîÜñôçôåò ìåôá-

âëçôÝò åßíáé ï ëüãïò G/C êáé ï óõíïëéêüò ÷ñüíïò ðáñáìïíÞò

åíüò ëåùöïñåßïõ óôç óôÜóç Dt. Ôá ìáèçìáôéêÜ ðñüôõðá

áíáðôýóóïíôáé ãéá äéÜöïñåò ðåñéðôþóåéò: ãéá ôï óýíïëï ôùí

ëåùöïñåßùí ðïõ óôáìÜôçóáí óôéò óôÜóåéò, ãéá ôá ëåùöïñåßá

ðïõ öèÜíïõí óôç óôÜóç, üôáí ç Ýíäåéîç ôïõ óçìáôïäüôç

åßíáé ðñÜóéíç Þ êüêêéíç áíôßóôïé÷á.

ÐñïêåéìÝíïõ íá åðéôåõ÷èïýí ôá ðáñáðÜíù, áðáéôåßôáé

áñ÷éêÜ ç óõëëïãÞ ôïõ êáôÜëëçëïõ óôáôéóôéêïý äåßãìáôïò,

ôüóï áðü Üðïøç ìåãÝèïõò üóï êáé áðü Üðïøç åßäïõò óôïé-

÷åßùí. Ôá óôïé÷åßá áõôÜ ðåñéëáìâÜíïõí êõñßùò ôçí Üöéîç

ôïõ ëåùöïñåßïõ óôç óôÜóç óå ó÷Ýóç ìå ôçí Ýíäåéîç ôïõ

óçìáôïäüôç, ôï ÷ñüíï ðáñáìïíÞò ôïõ ëåùöïñåßïõ óôç

óôÜóç, ôï ôìÞìá ôïõ ÷ñüíïõ ðáñáìïíÞò ôïõ ëåùöïñåßïõ óôç

óôÜóç ðïõ óõìðßðôåé ìå ôìÞìá Þ ôï óýíïëï ôçò ðñÜóéíçò Þ

êüêêéíçò Ýíäåéîçò ê.Ü. ÁíáöïñéêÜ ìå ôç óçìáôïäüôçóç ãßíå-

ôáé ç ðáñáäï÷Þ åíüò óõóôÞìáôïò óõíôïíéóìÝíçò óçìáôïäü-

ôçóçò óôáèåñïý ÷ñüíïõ, äçëáäÞ åíüò óõóôÞìáôïò ðïõ åîá-

óöáëßæåé óõíå÷Þ ñïÞ êáôÜ ìÞêïò ôùí ïäþí ðïõ êéíïýíôáé ôá

ëåùöïñåßá. Åðßóçò, ïé öÜóåéò ôçò óçìáôïäüôçóçò ìåôáâÜë-

ëïíôáé óýìöùíá ìå ôéò ÷áñáêôçñéóôéêÝò ðåñéüäïõò (ð.÷ ðñù-

éíÞ Þ áðïãåõìáôéíÞ áé÷ìÞ) ìå åöáñìïãÞ åíüò êáôÜëëçëïõ

ðñïãñÜììáôïò çëåêôñïíéêïý õðïëïãéóôÞ. 

Ãéá ôç óõëëïãÞ ôïõ êáôÜëëçëïõ óôáôéóôéêïý äåßãìáôïò

áðáéôïýíôáé ç óùóôÞ åðéëïãÞ ïäþí êáé óôÜóåùí (üðïõ èá

ãßíïõí ïé ìåôñÞóåéò), ç ÷ñïíéêÞ ðåñßïäïò óõëëïãÞò ôùí óôïé-

÷åßùí êáé ç äéÜñêåéá ôùí ìåôñÞóåùí. 

4. ÌÅÈÏÄÏËÏÃÉÁ ÓÕËËÏÃÇÓ 
ÊÁÔÁËËÇËÏÕ ÓÔÁÔÉÓÔÉÊÏÕ 
ÄÅÉÃÌÁÔÏÓ

4.1. Ï ôñüðïò óõëëïãÞò ôùí óôïé÷åßùí

Ôá óôïé÷åßá ðïõ óõëëÝ÷èçêáí Þôáí ôüóï ðïóïôéêÜ, üðùò

ïé ÷ñïíéêÝò óôéãìÝò ôçò Üöéîçò êáé ôçò áíá÷þñçóçò ôùí ëåù-

öïñåßùí áðü ôç óôÜóç, üóï êáé ðïéïôéêÜ, üðùò ç öùôåéíÞ

Ýíäåéîç ôïõ óçìáôïäüôç êáôÜ ôçí Üöéîç ôïõ ëåùöïñåßïõ óôç

óôÜóç. ÐñïêåéìÝíïõ íá óõëëåãïýí ìå áêñßâåéá ôá óôïé÷åßá

áõôÜ, ÷ñçóéìïðïéÞèçêå âéíôåïêÜìåñá [10]. ÐáñÜëëçëá

Ýãéíå êáé ôáõôü÷ñïíç êáôáãñáöÞ áðü ðáñáôçñçôÝò ïñéóìÝ-

íùí óôïé÷åßùí óå êáôÜëëçëá Ýíôõðá, þóôå íá åßíáé åõêïëü-

ôåñç ç åðåîåñãáóßá ôïõò. 

4.2. Ç åðéëïãÞ ôùí ïäþí

Ïé ìåôñÞóåéò ðñáãìáôïðïéÞèçêáí óå êåíôñéêÝò ïäïýò

ðïõ Ý÷ïõí êáôåýèõíóç áðü êáé ðñïò ôï êÝíôñï ôçò ðüëçò êáé
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ðéï óõãêåêñéìÝíá óôéò ëåùöüñïõò Êçöéóßáò, ÁëåîÜíäñáò

êáé Ìåóïãåßùí, áöïý Ýíáò ðïëý ìåãÜëïò áñéèìüò ëåùöïñåßùí

êáé ëåùöïñåéáêþí ãñáììþí äéÝñ÷åôáé áðü áõôÝò, ìå áðïôÝ-

ëåóìá íá ðñáãìáôïðïéïýíôáé õøçëïß öüñôïé ìåôáêéíïõìÝ-

íùí åðéâáôþí. ¢ñá ïðïéïäÞðïôå ìÝôñï âåëôßùóçò ôçò êßíç-

óçò ôùí ëåùöïñåßùí èá Ý÷åé ïöÝëç óå éêáíü áñéèìü åðéâá-

ôþí ðïõ ìåôáêéíïýíôáé ìå ôá ëåùöïñåßá óôéò ãñáììÝò áõôÝò.

ÅîÜëëïõ óôéò ïäïýò áõôÝò ìåôáêéíåßôáé ìåãÜëïò áñéèìüò åðé-

âáôéêþí áõôïêéíÞôùí É×, ôáîß ê.ëð., ôá ïðïßá åðçñåÜæïõí,

óå ðïëëÝò ðåñéðôþóåéò, óçìáíôéêÜ ôçí êßíçóç ôùí ëåùöï-

ñåßùí êáé êáèéóôïýí áðáñáßôçôç ôçí êáôáãñáöÞ óôïé÷åßùí

êõêëïöïñéáêïý öüñôïõ.

4.3. Ç åðéëïãÞ ôùí êáôÜëëçëùí óôÜóåùí

ÐñïêåéìÝíïõ íá ðñïóïìïéùèåß ç ðáñáìïíÞ ôïõ ëåùöï-

ñåßïõ óôç óôÜóç ãéá ôçí åðéâßâáóç êáé áðïâßâáóç åðéâáôþí

óå ó÷Ýóç ìå ôçí Ýíäåéîç ôïõ öùôåéíïý óçìáôïäüôç, èá ðñÝ-

ðåé íá åðéëåãïýí óôÜóåéò ðïõ âñßóêïíôáé óå ôÝôïéá áðüóôá-

óç áðü ôï óçìáôïäüôç, þóôå íá åðçñåÜæïíôáé áðü áõôüí.

ÅðïìÝíùò ïé óôÜóåéò ðïõ åðéëÝ÷èçêáí âñßóêïíôáé áìÝóùò

ìåôÜ Þ ðñéí áðü ìßá óçìáôïäïôïýìåíç äéáóôáýñùóç. Åðß-

óçò, åðåéäÞ óôçí ÁèÞíá ôá ïéêïäïìéêÜ ôåôñÜãùíá åßíáé

ìéêñÜ, åðéëÝ÷èçêå ãéá ôï äåßãìá êáé ìßá óôÜóç ðïõ íá âñß-

óêåôáé óôï ìÝóï ðåñßðïõ ôïõ ïéêïäïìéêïý ôåôñáãþíïõ, óå

áðüóôáóç ðåñßðïõ 100 ìÝôñùí áðü ôï óçìáôïäüôç [1, 9],

áöïý óôÜóåéò, ðïõ áðÝ÷ïõí ðåñéóóüôåñï áðü 100 ìÝôñá, äåí

åðçñåÜæïíôáé áðü ôï öùôåéíü óçìáôïäüôç.

Óôç óõíÝ÷åéá, êáôáãñÜöçêå áðü ðáñáôçñçôÝò ç êßíçóç

ôùí ëåùöïñåßùí óå äéáöïñåôéêïý ôýðïõ óôÜóåéò � óå ó÷Ýóç

ìå ôç èÝóç ôïõò ùò ðñïò ôç äéáóôáýñùóç � ÷ùñßò ôç ÷ñÞóç

âéíôåïêÜìåñáò. Äéáðéóôþèçêå üôé ìåôáîý ôùí óôÜóåùí ðïõ

âñßóêïíôáé áêñéâþò ðñéí áðü ôï óçìáôïäüôç õðÜñ÷ïõí

óçìáíôéêÝò äéáöïñïðïéÞóåéò, ïé ïðïßåò ïöåßëïíôáé óôçí áðü-

óôáóç áíÜìåóá óôï óçìáôïäüôç ðëçóßïí ôçò óôÜóçò êáé

óôïí áìÝóùò ðñïçãïýìåíï, êáé óôï áí åðéôñÝðåôáé Þ ü÷é ç

äåîéÜ óôñïöÞ. 

Ïé äéáöïñåôéêÝò ðåñéðôþóåéò ðïõ ðñïÝêõøáí Þôáí áñêå-

ôÝò (ðåñßðïõ 10�12), áðü ôéò ïðïßåò åðéëÝ÷èçêáí ïé ðáñáêÜ-

ôù ðÝíôå óôÜóåéò ùò ðéï áíôéðñïóùðåõôéêÝò, óôéò ïðïßåò

ðñáãìáôïðïéÞèçêáí êáé ïé ìåôñÞóåéò:

1. Ç óôÜóç ÆÝñâá ðïõ âñßóêåôáé óôç ëåùöüñï Êçöéóßáò

óôçí êáôåýèõíóç ðñïò ôï êÝíôñï ôçò ðüëçò. Ç óôÜóç

áõôÞ âñßóêåôáé áêñéâþò ðñéí áðü ôï óçìáôïäüôç óå áðü-

óôáóç 20 ìÝôñùí áðü áõôüí, åíþ ðáñÜëëçëá åðéôñÝðåôáé

êáé ç äåîéÜ óôñïöÞ. Ï áìÝóùò ðñïçãïýìåíïò óçìáôïäü-

ôçò âñßóêåôáé ìáêñéÜ êáé ðéï óõãêåêñéìÝíá óå áðüóôáóç

250 ðåñßðïõ ìÝôñùí áðü ôï óçìáôïäüôç ðïõ åßíáé ðëç-

óßïí ôçò óôÜóçò. ÅðéðëÝïí, óôï óõãêåêñéìÝíï ôìÞìá ôçò

ëåùöüñïõ Êçöéóßáò éó÷ýåé ôï ìÝôñï ôçò áðïêëåéóôéêÞò

ëùñßäáò ãéá ôá ëåùöïñåßá.

2. Ç óôÜóç ÉððïêñÜôïõò ðïõ âñßóêåôáé óôç ëåùöüñï Áëå-

îÜíäñáò óôçí êáôåýèõíóç áðü ôï êÝíôñï ôçò ðüëçò. Ç

óôÜóç áõôÞ âñßóêåôáé áêñéâþò ðñéí áðü ôï óçìáôïäüôç

óå áðüóôáóç 9 ìÝôñùí áðü áõôüí, åíþ äåí åðéôñÝðåôáé ç

äåîéÜ óôñïöÞ. Ï áìÝóùò ðñïçãïýìåíïò óçìáôïäüôçò

âñßóêåôáé áñêåôÜ ðëçóßïí êáé ðéï óõãêåêñéìÝíá óå áðü-

óôáóç 100 ðåñßðïõ ìÝôñùí áðü ôï óçìáôïäüôç ðïõ åßíáé

ðëçóßïí ôçò óôÜóçò. 

3. Ç óôÜóç 5ç ×ïëáñãïý ðïõ âñßóêåôáé óôç ëåùöüñï Ìåóï-

ãåßùí óôçí êáôåýèõíóç ðñïò ôï êÝíôñï ôçò ðüëçò. Ç

óôÜóç áõôÞ âñßóêåôáé áêñéâþò ðñéí áðü ôï óçìáôïäüôç

óå áðüóôáóç 7 ìÝôñùí áðü áõôüí, åíþ åðßóçò äåí åðéôñÝ-

ðåôáé ç äåîéÜ óôñïöÞ. Ï áìÝóùò ðñïçãïýìåíïò óçìáôï-

äüôçò âñßóêåôáé áñêåôÜ ìáêñéÜ êáé ðéï óõãêåêñéìÝíá óå

áðüóôáóç 600 ðåñßðïõ ìÝôñùí áðü ôï óçìáôïäüôç ðïõ

åßíáé ðëçóßïí ôçò óôÜóçò. Ç ðåñßðôùóç ôçò óõãêåêñéìÝ-

íçò óôÜóçò åßíáé óõìðëçñùìáôéêÞ ôùí äýï ðñïçãïýìå-

íùí. 

4. Ç óôÜóç 3ç ×ïëáñãïý ðïõ âñßóêåôáé óôç ëåùöüñï

Ìåóïãåßùí óôçí êáôåýèõíóç ðñïò ôï êÝíôñï ôçò ðüëçò.

Ç óôÜóç áõôÞ âñßóêåôáé áìÝóùò ìåôÜ ôï óçìáôïäüôç óå

áðüóôáóç 35 ìÝôñùí áðü áõôüí (ëáìâáíïìÝíïõ õðüøç

êáé ôïõ ðëÜôïõò ôçò êÜèåôá äéáóôáõñïýìåíçò ïäïý). Ï

áìÝóùò ðñïçãïýìåíïò óçìáôïäüôçò âñßóêåôáé ìáêñéÜ

êáé ðéï óõãêåêñéìÝíá óå áðüóôáóç 160 ðåñßðïõ ìÝôñùí

áðü ôï óçìáôïäüôç ðëçóßïí ôçò óôÜóçò.

5. Ç óôÜóç Óüíéá ðïõ âñßóêåôáé óôç ëåùöüñï ÁëåîÜíäñáò

óôçí êáôåýèõíóç áðü ôï êÝíôñï ôçò ðüëçò. Ç óôÜóç

áõôÞ âñßóêåôáé óôï ìÝóï ôïõ ïéêïäïìéêïý ôåôñáãþíïõ óå

áðüóôáóç 80 ìÝôñùí áðü ôï óçìáôïäüôç. Ï áìÝóùò

ðñïçãïýìåíïò óçìáôïäüôçò âñßóêåôáé ìáêñéÜ êáé ðéï

óõãêåêñéìÝíá óå áðüóôáóç 200 ðåñßðïõ ìÝôñùí áðü ôï

óçìáôïäüôç ðïõ åßíáé ðëçóßïí ôçò óôÜóçò. Ç ðåñßðôùóç

ôçò óõãêåêñéìÝíçò óôÜóçò åßíáé åðßóçò óõìðëçñùìáôéêÞ

ôùí ðñïçãïõìÝíùí. 

4.4. Ç åðéëïãÞ ôïõ ÷ñüíïõ êáé ôçò äéÜñêåéáò 

ôùí ìåôñÞóåùí

Ôõ÷üí äéáöïñïðïéÞóåéò óôá ÷áñáêôçñéóôéêÜ êßíçóçò ôùí

ï÷çìÜôùí óå Ýíá ïäéêü äßêôõï åìöáíßæïíôáé ëüãù ôçò áëëá-

ãÞò áðü ìßá êáôÜóôáóç áõîçìÝíçò êõêëïöïñßáò (ðåñßïäïò

áé÷ìÞò) óå ìéá ðéï Þðéá êáôÜóôáóç (ðåñßïäïò åêôüò áé÷ìÞò).

ÁíÜëïãá ìå ôï áí ïé ìåôñÞóåéò ðñáãìáôïðïéïýíôáé óå ðåñßï-

äï áé÷ìÞò Þ åêôüò áé÷ìÞò äéáöïñïðïéïýíôáé ïñéóìÝíåò ðáñÜ-

ìåôñïé ðïõ Ý÷ïõí ó÷Ýóç ìå ôá ëåùöïñåßá, üðùò åßíáé ï áñéè-

ìüò ôùí äñïìïëïãßùí, ç ôá÷ýôçôá êßíçóçò, ï ÷ñüíïò ðáñá-

ìïíÞò åíüò ëåùöïñåßïõ óôç óôÜóç, ç ðëçñüôçôá ê.ëð. Ïé

ïðïéåóäÞðïôå äéáöïñïðïéÞóåéò, ðïõ åìöáíßæïíôáé óôç óõíï-

ëéêÞ êõêëïöïñßá, áðåéêïíßæïíôáé êáé óôá áíôßóôïé÷á ðñï-

ãñÜììáôá óçìáôïäüôçóçò, ôá ïðïßá åíáëëÜóóïíôáé êáôÜ

ðåñßðôùóç (ðåñßïäïò áé÷ìÞò, ðåñßïäïò åêôüò áé÷ìÞò ê.ëð.).
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ÅðïìÝíùò ôá óôïé÷åßá ðïõ óõãêåíôñþèçêáí ðñïÝñ÷ïíôáí

áðü ôéò åîÞò äéáöïñåôéêÝò êáôáóôÜóåéò êõêëïöïñéáêïý öüñ-

ôïõ: (á) ìåéùìÝíçò êõêëïöïñßáò, ç ïðïßá ïíïìÜæåôáé 1ï åðß-

ðåäï ðáñå÷üìåíçò åîõðçñÝôçóçò, (â) áõîçìÝíçò êõêëïöï-

ñßáò, ç ïðïßá ïíïìÜæåôáé 3ï åðßðåäï ðáñå÷üìåíçò åîõðçñÝ-

ôçóçò, êáé (ã) åíäéÜìåóçò êõêëïöïñßáò ôùí äýï ðñïçãïýìå-

íùí, ç ïðïßá ïíïìÜæåôáé 2ï åðßðåäï ðáñå÷üìåíçò åîõðçñÝ-

ôçóçò [2, 8]. 

Ôï 1ï åðßðåäï ðáñå÷üìåíçò åîõðçñÝôçóçò ÷áñáêôçñßæå-

ôáé áðü ìåéùìÝíç êõêëïöïñßá. Ç êßíçóç ôùí ëåùöïñåßùí

äåí åðçñåÜæåôáé êáèüëïõ áðü ôçí êßíçóç ôùí õðïëïßðùí

ï÷çìÜôùí, ï áñéèìüò ôùí ëåùöïñåßùí ðïõ äñïìïëïãïýíôáé

åßíáé ìéêñüò êáé áíÜëïãá ìéêñÞ åßíáé êáé ç åðéâáôéêÞ êßíç-

óç. Óôï ôìÞìá ôçò ïäïý ìåôáîý ôïõ óçìáôïäüôç ðëçóßïí ôçò

óôÜóçò êáé ôïõ áìÝóùò ðñïçãïýìåíïõ óçìáôïäüôç áðü

áõôüí ðáñáôçñïýíôáé óôÜèìåò åîõðçñÝôçóçò Á êáé Â. Ç

ìÝóç êáèõóôÝñçóç óôçí ðåñéï÷Þ ôïõ óçìáôïäïôïýìåíïõ

êüìâïõ äåí îåðåñíÜ ôá 15 äåõôåñüëåðôá, ïðüôå ïé óôÜèìåò

åîõðçñÝôçóçò åßíáé åðßóçò Á êáé Â. 

Ôï 3ï åðßðåäï ðáñå÷üìåíçò åîõðçñÝôçóçò ÷áñáêôçñßæå-

ôáé áðü áõîçìÝíç êõêëïöïñßá. Ç êßíçóç ôùí ëåùöïñåßùí

åðçñåÜæåôáé óçìáíôéêÜ áðü ôçí êßíçóç ôùí õðïëïßðùí ï÷ç-

ìÜôùí, ï áñéèìüò ôùí ëåùöïñåßùí ðïõ äñïìïëïãïýíôáé

åßíáé ìåãÜëïò êáé áíÜëïãá áõîçìÝíç åßíáé êáé ç åðéâáôéêÞ

êßíçóç. Óôï ôìÞìá ôçò ïäïý ìåôáîý ôïõ óçìáôïäüôç ðëç-

óßïí ôçò óôÜóçò êáé ôïõ áìÝóùò ðñïçãïýìåíïõ óçìáôïäüôç

áðü áõôüí ðáñáôçñïýíôáé óôÜèìåò åîõðçñÝôçóçò E êáé F. Ç

ìÝóç êáèõóôÝñçóç óôçí ðåñéï÷Þ ôïõ óçìáôïäïôïýìåíïõ

êüìâïõ îåðåñíÜ ôá 40 äåõôåñüëåðôá, ïðüôå ïé óôÜèìåò åîõ-

ðçñÝôçóçò åßíáé åðßóçò E êáé F. 

Ôï 2ï åðßðåäï ðáñå÷üìåíçò åîõðçñÝôçóçò åßíáé åíäéÜìå-

óï ôùí äýï ðñïçãïýìåíùí. Ç êßíçóç ôùí ëåùöïñåßùí åðç-

ñåÜæåôáé óå ïñéóìÝíåò ðåñéðôþóåéò áðü ôçí êßíçóç ôùí õðï-

ëïßðùí ï÷çìÜôùí, åíþ ïé óôÜèìåò åîõðçñÝôçóçò åßíáé C êáé D.

Ïé ìåôñÞóåéò ðñáãìáôïðïéÞèçêáí: (á) óôç ÷ñïíéêÞ

ðåñßïäï ìåôáîý 07:00 êáé 10:30, ðñïêåéìÝíïõ íá êáôáãñáöåß

áõîçìÝíç êõêëïöïñßá (3ï åðßðåäï ðáñå÷üìåíçò åîõðçñÝôç-

óçò), (â) óôçí ðåñßïäï ìåôáîý 11:00 êáé 14:30, ðñïêåéìÝíïõ

íá êáôáãñáöåß ìÝóç êõêëïöïñßá (2ï åðßðåäï ðáñå÷üìåíçò

åîõðçñÝôçóçò) êáé (ã) ÊõñéáêÞ ãéá íá êáôáãñáöåß ìéêñÞ

êõêëïöïñßá (1ï åðßðåäï ðáñå÷üìåíçò åîõðçñÝôçóçò), ãéáôß

ïðïéáäÞðïôå Üëëç çìÝñá äåí ðáñáôçñåßôáé óõíå÷Þò ÷áìçëÞ

êõêëïöïñßá ãéá éêáíÞ ÷ñïíéêÞ ðåñßïäï. 

5. ÌÅÔÑÇÓÅÉÓ ÊÁÉ ÁÍÁËÕÓÇ 
ÁÐÏÔÅËÅÓÌÁÔÙÍ

5.1. Ïé ìåôñÞóåéò

Ïé ìåôñÞóåéò ðñáãìáôïðïéÞèçêáí óôï äéÜóôçìá áðü ôéò

7/6/1998 Ýùò êáé ôéò 17/6/1998, ðñùéíÝò êáé ìåóçìåñéáíÝò

þñåò, êáé åß÷áí óõíïëéêÞ äéÜñêåéá 38 þñåò (ðßíáêáò 1). 

Ç âéíôåïêÜìåñá ðïõ ÷ñçóéìïðïéÞèçêå Þôáí ìßá Panasonic

M10 ìå êáôÜëëçëï áëïõìéíÝíéï ôñßðïäá óôÞñéîçò. 

Åðßóçò, ïé âéíôåïêáóÝôåò ðïõ ÷ñçóéìïðïéÞèçêáí Þôáí

ôýðïõ VHS. ÔÝëïò, óå üëåò ôéò ðåñéðôþóåéò ç âéíôåïêÜìåñá

ôïðïèåôÞèçêå óôï ðåæïäñüìéï, áêñéâþò äßðëá óôï ïäüóôñù-

ìá ôçò äåîéÜò ëùñßäáò êáé óå áðüóôáóç ôÝôïéá, þóôå íá

êáôáãñÜöåôáé ç ôáõôü÷ñïíç Üöéîç ðåñéóóüôåñùí ôïõ åíüò

ëåùöïñåßùí. 
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Ðßíáêáò 1: ÇìÝñá êáé þñá ìÝôñçóçò óå êÜèå óôÜóç.

Table 1: Day and time for counts at each stop.



Ôá êõñéüôåñá ðñïâëÞìáôá, ðïõ áíôéìåôùðßóôçêáí êáôÜ

ôç äéÜñêåéá ôùí ìåôñÞóåùí, Þôáí ôá åîÞò: 

(á) Ïé ðåæïß ðïõ ðáñÝìåíáí ìðñïóôÜ óôç âéíôåïêÜìåñá

ãéá íá äéáó÷ßóïõí ôï äñüìï. Óå áõôÞí ôçí ðåñßðôùóç äåí

õðÞñ÷å êáèüëïõ ïðôéêÞ åðáöÞ ïýôå ìå ôï óçìáôïäüôç áëëÜ

ïýôå êáé ìå ôç óôÜóç. Ôï óõãêåêñéìÝíï ðñüâëçìá åðéëýèç-

êå åßôå ìå ìéêñÞ ðåñéóôñïöÞ ôçò âéíôåïêÜìåñáò ðñïò ôá

äåîéÜ åßôå ìå áðïìÜêñõíóç ôçò óôÜóçò êáé ôïõ óçìáôïäüôç

ìå ôç ëåéôïõñãßá zoom åßôå, ôÝëïò, ìå áýîçóç ôçò áðüóôáóçò

ôçò âéíôåïêÜìåñáò áðü ôï Ýäáöïò ìÝóù ôïõ êáôÜëëçëïõ ôñß-

ðïäá.

(â) Ôá öïñôçãÜ êáé ôá ðïýëìáí ðïõ åîáéôßáò ôïõ ìåãÜëïõ

ýøïõò ôïõò Ýìðáéíáí óôï ðåäßï ìåôáîý ôçò âéíôåïêÜìåñáò

êáé ôïõ óçìáôïäüôç ðåñéïñßæïíôáò ôçí ïðôéêÞ åðáöÞ ìå ôï

óçìáôïäüôç. Ôï óõãêåêñéìÝíï ðñüâëçìá åðéëýèçêå ìå ôï íá

õðÜñ÷åé ôáõôü÷ñïíç ïðôéêÞ åðáöÞ êáé ìå ôïõò äýï óçìáôï-

äüôåò. Ï Ýíáò áðü ôïõò äýï âñéóêüôáí óôï ðåæïäñüìéï äßðëá

óôç äåîéÜ ëùñßäá êáé ï äåýôåñïò óôç äéá÷ùñéóôéêÞ íçóßäá

ôùí äýï êáôåõèýíóåùí, åíþ óå êÜðïéåò ðåñéðôþóåéò õðÞñ÷å

êáé óçìáôïäüôçò ôïðïèåôçìÝíïò ðÜíù áðü ôçí ïäü. 

5.2. ÐïóïôéêÞ áíÜëõóç ôùí óõëëå÷èÝíôùí óôïé÷åßùí

5.2.1. Óõíïëéêüò ÷ñüíïò ðáñáìïíÞò åíüò ëåùöïñåßïõ óôç

óôÜóç áíåîÜñôçôá áðü ôçí Ýíäåéîç óçìáôïäüôç

Ï óõíïëéêüò áñéèìüò ôùí ëåùöïñåßùí, ôá ïðïßá êáôå-

ãñÜöçóáí, Þôáí 1115. Áðü áõôÜ ôá 1016, äçëáäÞ ôï 91%,

óôáìÜôçóáí óôç óôÜóç, ðñïêåéìÝíïõ íá åîõðçñåôÞóïõí åðé-

âÜôåò, åíþ ôá õðüëïéðá 99, äçëáäÞ ôï 9%, äåí óôáìÜôçóáí.

Ãéá ôá ëåùöïñåßá ðïõ óôáìÜôçóáí óôç óôÜóç õðïëïãßóôçêå

ç ìÝóç ôéìÞ ôïõ óõíïëéêïý ÷ñüíïõ ðáñáìïíÞò óå áõôÞ

êáèþò êáé ìéá óåéñÜ áðü Üëëá ÷áñáêôçñéóôéêÜ óôïé÷åßá ðïõ

ðáñïõóéÜæïíôáé óôïí ðßíáêá 2.

Ï ÷ñüíïò åêêÝíùóçò tc, äçëáäÞ ï ÷ñüíïò ðïõ áðáéôåßôáé

(á) ãéá ôï Üíïéãìá � êëåßóéìï èõñþí êáé (â) Ýùò üôïõ ïé åðé-

âÜôåò áñ÷ßóïõí íá åðéâéâÜæïíôáé/áðïâéâÜæïíôáé [1], åêôéìÞ-

èçêå ìå âÜóç óôïé÷åßá áðü ôç âéâëéïãñáößá, äéÜöïñåò ìåëÝ-

ôåò [1, 8, 11] êáé ìå âÜóç ôéò ìåôñÞóåéò üôé êõìáßíåôáé áðü

3�12 äåõôåñüëåðôá. 

Ç ìåãáëýôåñç ôéìÞ ôïõ áíáöÝñåôáé óå ëåùöïñåßá ðïõ

åß÷áí áõîçìÝíç ðëçñüôçôá êáé êáôÜ óõíÝðåéá ðáñáôçñÞèç-

êå óçìáíôéêÞ êáèõóôÝñçóç, êõñßùò ìÝ÷ñé íá áñ÷ßóïõí ïé

åðéâÜôåò íá áðïâéâÜæïíôáé.

5.2.2. Óõíïëéêüò ÷ñüíïò ðáñáìïíÞò åíüò ëåùöïñåßïõ óôç

óôÜóç, óå ó÷Ýóç ìå ôçí Ýíäåéîç ôïõ óçìáôïäüôç

Ôï 76.5% ôùí ëåùöïñåßùí óôáìÜôçóå óôç óôÜóç, üôáí ç

Ýíäåéîç ôïõ óçìáôïäüôç Þôáí ðñÜóéíç, åíþ ôï õðüëïéðï

23.5% óôáìÜôçóå óôç óôÜóç, üôáí ç Ýíäåéîç ôïõ óçìáôïäü-

ôç Þôáí êüêêéíç  (ðßíáêáò 3). Ç äéáöïñÜ áíÜìåóá óôá äýï

ðïóïóôÜ ïöåßëåôáé óôï üôé ãåíéêÜ ç ðñÜóéíç Ýíäåéîç äéáñ-

êïýóå ðåñéóóüôåñï áðü ôçí êüêêéíç Ýíäåéîç êáé óôï üôé

ëüãù ôçò óõíôïíéóìÝíçò óçìáôïäüôçóçò ôï êÜèå ëåùöïñåßï

åß÷å ôç äõíáôüôçôá íá äéáíýóåé êÜðïéá áðüóôáóç, áêüìá êáé

áí ðñïçãïýìåíá åß÷å óôáìáôÞóåé óå êÜðïéá óôÜóç (ó÷Þìá 1).

Åðßóçò, ôï ðïóïóôü ôùí ëåùöïñåßùí, ðïõ óôáìÜôçóáí

óôç óôÜóç ìå Ýíäåéîç ôïõ óçìáôïäüôç ðñÜóéíç, óå ðåñßïäï

áé÷ìÞò åßíáé 75.4%, êáé óå ðåñßïäï åêôüò áé÷ìÞò åßíáé

77.2%. Ôï åëÜ÷éóôá áõîçìÝíï ðïóïóôü ãéá ôçí ðåñßïäï

åêôüò áé÷ìÞò ïöåßëåôáé óôïõò åîÞò ðáñÜãïíôåò:

1. Ïé óõãêåêñéìÝíåò óôÜóåéò åðéëÝ÷èçêáí ìå âÜóç ôá êñé-

ôÞñéá ôçò áõîçìÝíçò åðéâáôéêÞò êßíçóçò êáé ôç èÝóç

ôïõò óå êåíôñéêÝò áñôçñßåò. ÐáñáôçñÞèçêå ëïéðüí üôé óå

ïñéóìÝíåò óôÜóåéò ç äéÜñêåéá ôçò ðñÜóéíçò Ýíäåéîçò äåí
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Ðßíáêáò 2: ×áñáêôçñéóôéêÜ ðáñáìïíÞò ëåùöïñåßïõ óå óôÜóç. 

Table 2: Characteristics of bus stationing at a stop.



ìåôáâáëëüôáí ìåôáîý ôùí ðåñéüäùí áé÷ìÞò êáé åêôüò

áé÷ìÞò (óôÜóåéò ÆÝñâá, 5ç ×ïëáñãïý), åíþ óôç óôÜóç

Óüíéá ìåôáâáëëüôáí ç äéÜñêåéá ôïõ ðñáóßíïõ.

2. ÅðåéäÞ ç óôÜóç ÆÝñâá Ýäùóå êáé ôï ìåãáëýôåñï áñéèìü

ðáñáôçñÞóåùí áðü üëåò ôéò Üëëåò, åðçñåÜæåé óçìáíôéêÜ

ôï óõãêåêñéìÝíï áðïôÝëåóìá. Ï ìåãÜëïò áñéèìüò ðáñá-

ôçñÞóåùí áðü ôç óôÜóç áõôÞ ïöåßëåôáé óôï üôé Ý÷åé

áõîçìÝíç åðéâáôéêÞ êßíçóç êáé åßíáé êåíôñéêÞ, êáé êáôÜ

óõíÝðåéá èåùñåßôáé áíáãêáßá ç ëÞøç óôïé÷åßùí áðü

ôÝôïéïõ åßäïõò óôÜóåéò.

3. Óå ðåñéüäïõò áé÷ìÞò êÜðïéá áðü ôá ëåùöïñåßá ðáñÝìå-

íáí áêéíçôïðïéçìÝíá óå ðÜñá ðïëý ìéêñÞ áðüóôáóç áðü

ôç óôÜóç, åíþ ç Ýíäåéîç ôïõ óçìáôïäüôç Þôáí ðñÜóéíç.

¼ôáí ôåëéêÜ ï ïäçãüò ôïõ ëåùöïñåßïõ Üíïéãå ôéò ðüñôåò,

óôéò ðåñéóóüôåñåò ôùí ðåñéðôþóåùí ç Ýíäåéîç ôïõ óçìá-

ôïäüôç åß÷å ãßíåé êüêêéíç, ìå áðïôÝëåóìá íá ìåéþíåôáé

ôï óõíïëéêü ðïóïóôü ôùí ëåùöïñåßùí ðïõ áöß÷èçóáí

óôç óôÜóç, üôáí ç Ýíäåéîç ôïõ óçìáôïäüôç Þôáí ðñÜóé-

íç. Áíôßèåôá, óå ðåñéüäïõò åêôüò áé÷ìÞò ôï öáéíüìåíï

áõôü Þôáí óçìáíôéêÜ ðåñéïñéóìÝíï.

Äéáðéóôþèçêå áêüìá üôé ï ìÝóïò ÷ñüíïò ðáñáìïíÞò óôç

óôÜóç ôùí ëåùöïñåßùí ðïõ áöß÷èçóáí, üôáí ç Ýíäåéîç ôïõ

óçìáôïäüôç Þôáí ðñÜóéíç, åßíáé ìéêñüôåñïò êáôÜ 1.9 äåõôå-

ñüëåðôá óå ó÷Ýóç ìå ôï ÷ñüíï ðáñáìïíÞò ôùí ëåùöïñåßùí

ðïõ áöß÷èçóáí, üôáí ç Ýíäåéîç ôïõ óçìáôïäüôç Þôáí êüêêéíç. 

Åéäéêüôåñá, óå ðåñßïäï áé÷ìÞò ç äéáöïñÜ ãßíåôáé 2.7 äåõ-

ôåñüëåðôá, åíþ óå ðåñßïäï åêôüò áé÷ìÞò åßíáé 1.1 äåõôåñü-

ëåðôá. Ç äéáöïñÜ áõôÞ ìðïñåß íá ïöåßëåôáé óôï üôé ï ïäçãüò
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Ðßíáêáò 3: ×áñáêôçñéóôéêÜ ðáñáìïíÞò ëåùöïñåßïõ óôç óôÜóç, óå ó÷Ýóç ìå Ýíäåéîç óçìáôïäüôç.

Table 3: Characteristics of bus stationing at a bus stop, in relation to traffic light indication.



ôïõ ëåùöïñåßïõ âëÝðïíôáò üôé ç Ýíäåéîç ôïõ óçìáôïäüôç

åßíáé êüêêéíç åîáêïëïõèåß íá ðáñáìÝíåé óôç óôÜóç, þóôå

ðåñéóóüôåñïé åðéâÜôåò íá ìðïñÝóïõí íá ðñïëÜâïõí ôï ëåù-

öïñåßï (ðßíáêáò 3).

Óôéò ôñåéò áðü ôéò ðÝíôå óôÜóåéò óõíïëéêÜ üðïõ ðñáãìá-

ôïðïéÞèçêáí ìåôñÞóåéò äéáðéóôþèçêå óõó÷Ýôéóç ôïõ áñéè-

ìïý ôùí ëåùöïñåßùí ðïõ áöß÷èçóáí óôç óôÜóç, üôáí ç

Ýíäåéîç ôïõ óçìáôïäüôç Þôáí ðñÜóéíç Þ êüêêéíç, ìå ôï ëüãï

ôçò ðñÜóéíçò Þ êüêêéíçò Ýíäåéîçò ðñïò ôçí ðåñßïäï óçìáôï-

äüôçóçò, äçëáäÞ ôïí ëüãï G/C Þ R/C. Åéäéêüôåñá õðÜñ÷åé

óõó÷Ýôéóç ôùí ëüãùí G/C Þ R/C ìå ôï ðïóïóôü ôùí ëåùöï-

ñåßùí ðïõ áöéêíïýíôáé óå ðñÜóéíç Þ êüêêéíç Ýíäåéîç áíôß-

óôïé÷á (ðßíáêáò 4).

Ðáñáôçñïýìå üôé óôéò óôÜóåéò ÆÝñâá, 3ç ×ïëáñãïý êáé

5ç ×ïëáñãïý ïé äýï ôéìÝò åßíáé êïíôÜ ó÷åôéêÜ, åíþ óôéò óôÜ-

óåéò ÉððïêñÜôïõò êáé Óüíéá ôá ðïóïóôÜ ôùí ëåùöïñåßùí

åßíáé 1.56 öïñÝò óôçí ðñþôç êáé 1.67 öïñÝò óôç äåýôåñç

ìåãáëýôåñá áðü ôï ëüãï G/C. ¢ñá óõìðåñáßíåôáé üôé óå

üóåò óôÜóåéò ï áìÝóùò ðñïçãïýìåíïò óçìáôïäüôçò âñßóêå-

ôáé ìáêñéÜ áðü ôïí ðëçóßïí óôç óôÜóç, ïé äýï ôéìÝò åßíáé

êïíôÜ, åíþ óôçí ðåñßðôùóç ðïõ ï áìÝóùò ðñïçãïýìåíïò

óçìáôïäüôçò âñßóêåôáé êïíôÜ óôïí ðëçóßïí óôç óôÜóç Þ ç

óôÜóç âñßóêåôáé óôï ìÝóï ôïõ ïéêïäïìéêïý ôåôñáãþíïõ, ïé

äýï ôéìÝò äéáöÝñïõí ðåñßðïõ ôï ßäéï. ÅîÜëëïõ óôéò óôÜóåéò

ÉððïêñÜôïõò êáé Óüíéá ï ëüãïò G/C åßíáé ìéêñüôåñïò áðü

0.6, äçëáäÞ ç äéÜñêåéá ôçò êüêêéíçò Ýíäåéîçò åßíáé áñêåôÜ

ìåãÜëç. ¼ìùò èá ðñÝðåé íá åðéóçìáíèåß üôé ôï ìÝãåèïò ôïõ

óôáôéóôéêïý äåßãìáôïò áðü ôç óõãêåêñéìÝíç óôÜóç åßíáé

ìéêñü ãéá íá ðñïêýøåé ìå âåâáéüôçôá üôé ç äéáöïñÜ ïöåßëå-

ôáé óå áõôÞí ôçí áéôßá. 

ÊáôÜ óõíÝðåéá ôï ðïóïóôü ôùí ëåùöïñåßùí ðïõ óôáìá-

ôïýí óôç óôÜóç, üôáí ç Ýíäåéîç ôïõ óçìáôïäüôç åßíáé ðñÜ-

óéíç Þ êüêêéíç, åîáñôÜôáé áðü ôïõò åîÞò ðáñÜãïíôåò:

(á) Ôç èÝóç ôçò óôÜóçò óå ó÷Ýóç ìå ôç äéáóôáýñùóç

(ðñéí, ìåôÜ Þ ìáêñéÜ). 

(â) Ôçí áðüóôáóç óôçí ïðïßá âñßóêåôáé ï áìÝóùò ðñïç-

ãïýìåíïò óçìáôïäüôçò áðü ôï óçìáôïäüôç ðïõ åðçñåÜæåé ôç

óôÜóç (ìáêñéÜ Þ êïíôÜ).

(ã) Ôçí ðåñßïäï ôçò óçìáôïäüôçóçò óå óõíäõáóìü ìå ôéò

äéÜñêåéåò ôùí åðß ìÝñïõò åíäåßîåùí. 

5.2.3. ÊáôáíïìÞ ôùí áößîåùí ôùí ëåùöïñåßùí 

óå êÜèå óôÜóç

Ç åýñåóç ôçò èåùñçôéêÞò êáôáíïìÞò ôùí áößîåùí ôùí

ëåùöïñåßùí óôç óôÜóç ãßíåôáé ãéá äéÜóôçìá ßóï ìå ôçí

ðåñßïäï óçìáôïäüôçóçò, ðñïêåéìÝíïõ íá åëåã÷èåß ï ôñüðïò

ìå ôïí ïðïßï öèÜíïõí ôá ëåùöïñåßá óôç óôÜóç óå ó÷Ýóç ìå

ôçí ðåñßïäï óçìáôïäüôçóçò.

Ôá äýï âáóéêÜ óôáôéóôéêÜ ìåãÝèç ðïõ ÷ñçóéìïðïéïýíôáé

åßíáé ç ìÝóç ôéìÞ ì êáé ç äéáêýìáíóç ó2. Ôá ìåãÝèç áõôÜ

õðïëïãßæïíôáé [3, 4, 6] áðü ôéò ó÷Ýóåéò: 

êáé

Ç ïìáäïðïßçóç ôùí óôïé÷åßùí Ýãéíå îå÷ùñéóôÜ ãéá êÜèå

ìÝôñçóç (ð.÷ óôÜóç ÆÝñâá, ÊõñéáêÞ 7/6/98, 11:40�14:40)

óå ôìÞìáôá ßóá ìå ôçí ðåñßïäï ôçò óçìáôïäüôçóçò óôç

óõãêåêñéìÝíç äéáóôáýñùóç. Ï Ýëåã÷ïò ôçò êáëÞò ðñïóáñ-

ìïãÞò ðñáãìáôïðïéÞèçêå ìå ôï êñéôÞñéï ôïõ ÷2, ç åöáñìïãÞ

ôïõ ïðïßïõ ðñïûðïèÝôåé üôé ïé ìåôñÞóåéò êáôáôÜóóïíôáé óå

ïìÜäåò áíÜëïãá ìå ôçí ôéìÞ ôïõò, ãéá åðßðåäï óçìáíôéêüôç-

ôáò 0.01. 

Äéáðéóôþèçêå üôé ïé áößîåéò ôùí ëåùöïñåßùí óôéò óôÜ-

óåéò, üðïõ ðñáãìáôïðïéÞèçêáí ïé ìåôñÞóåéò, áêïëïõèïýí

ôçí êáôáíïìÞ Poisson, äçëáäÞ ïé áößîåéò óôçí êÜèå óôÜóç

åßíáé ôõ÷áßåò.

ÊáôÜ óõíÝðåéá, ï ÷ñüíïò ðïõ áðïìÝíåé ãéá íá áëëÜîåé ç

Ýíäåéîç ôïõ óçìáôïäüôç, ìÝóá óôçí ïðïßá áöß÷èçêå ôï ëåù-

öïñåßï, åîáñôÜôáé áðü ôéò äéÜñêåéåò ôùí åíäåßîåùí (ðñÜóéíçò

Þ êüêêéíçò) êáé êáôÜ åðÝêôáóç áðü ôç äéÜñêåéá ôçò ðåñéüäïõ

óçìáôïäüôçóçò.
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Ðßíáêáò 4: Óýãêñéóç ðïóïóôïý áößîåùí ëåùöïñåßùí óå óôÜóç ìå ôï ëüãï G/C Þ R/C.

Table 4: Comparison of bus stop arrivals percentage and the ratio G/C or R/C.



5.3. ÐïéïôéêÞ áíÜëõóç ôùí óõëëå÷èÝíôùí óôïé÷åßùí 

5.3.1. Êßíçóç ôùí ëåùöïñåßùí

Ç êßíçóç ôùí ëåùöïñåßùí äéáöïñïðïéåßôáé áíÜëïãá ìå

ôç èÝóç ôçò óôÜóçò óå ó÷Ýóç ìå ôï óçìáôïäüôç. Ïé óôÜóåéò,

ðïõ âñßóêïíôáé áêñéâþò ðñéí áðü ôï óçìáôïäüôç, åìöáíß-

æïõí ìåãáëýôåñï áñéèìü äéáöïñåôéêþí ðåñéðôþóåùí ôñüðïõ

êßíçóçò ôùí ëåùöïñåßùí óå ó÷Ýóç ìå áõôÝò ðïõ âñßóêïíôáé

áìÝóùò ìåôÜ ôï óçìáôïäüôç Þ óôï ìÝóï ôïõ ïéêïäïìéêïý

ôåôñáãþíïõ. 

Ãéá ôéò óôÜóåéò ÆÝñâá, ÉððïêñÜôïõò êáé 5ç ×ïëáñãïý,

ðïõ âñßóêïíôáé áêñéâþò ðñéí áðü ôï óçìáôïäüôç: ôï 62.4%

ôùí ëåùöïñåßùí ðïõ óôáìÜôçóáí, üôáí ç Ýíäåéîç ôïõ óçìá-

ôïäüôç Þôáí ðñÜóéíç, ðñüëáâáí íá äéáó÷ßóïõí ôç äéáóôáý-

ñùóç ìå ôçí ßäéá ðñÜóéíç Ýíäåéîç. Ôï õðüëïéðï 37.6% äåí

ðñüëáâå êáé áíáãêáóôéêÜ ðåñßìåíå ôç íÝá ðñÜóéíç Ýíäåéîç.

Ç áéôßá, ãéá ôçí ïðïßá äåí ðñüëáâáí ôá ëåùöïñåßá, ïöåßëå-

ôï åßôå óôï üôé ï ÷ñüíïò, ðïõ áðÝìåíå ãéá íá ôåëåéþóåé ç ðñÜ-

óéíç Ýíäåéîç ôïõ óçìáôïäüôç, Þôáí ìéêñüôåñïò áðü ôï óõíï-

ëéêü ÷ñüíï ðáñáìïíÞò ôïõ ëåùöïñåßïõ óôç óôÜóç (ðïóïóôü

79%), åßôå óôï üôé ï ÷ñüíïò, ðïõ áðÝìåíå ãéá íá ôåëåéþóåé ç

ðñÜóéíç Ýíäåéîç ôïõ óçìáôïäüôç, äåí åðáñêïýóå ãéá íá äéá-

íýóåé ôï ëåùöïñåßï ôçí áðüóôáóç áðü ôç óôÜóç Ýùò ôï

óçìáôïäüôç (ðïóïóôü 21%).

ÂÝâáéá õðÜñ÷ïõí äéáöïñïðïéÞóåéò óôá ðáñáðÜíù ðïóï-

óôÜ ìåôáîý ôùí ôñéþí áõôþí óôÜóåùí, ïé ïðïßåò ïöåßëïíôáé

óôïõò åîÞò ðáñÜãïíôåò:

l ÄéÜñêåéá ôçò ðñÜóéíçò Ýíäåéîçò: ¼óï ìåãáëýôåñç åßíáé,

ôüóï ìåãáëýôåñï åßíáé ôï ðïóïóôü ôùí ëåùöïñåßùí ðïõ

óôáìáôïýí óôç óôÜóç, üôáí ç Ýíäåéîç ôïõ óçìáôïäüôç

åßíáé ðñÜóéíç, êáé äåí ÷ñåéÜæåôáé íá ðåñéìÝíïõí ôç íÝá

ðñÜóéíç Ýíäåéîç. Áõôü áðïäåéêíýåôáé áðü ôï üôé ôï

ðïóïóôü ôùí ëåùöïñåßùí, ðïõ äåí ÷ñåéÜóèçêå íá ðåñé-

ìÝíïõí ôç íÝá ðñÜóéíç Ýíäåéîç óôç óôÜóç 5ç ×ïëáñãïý,

üðïõ ç äéÜñêåéá ôçò ðñÜóéíçò Ýíäåéîçò Þôáí 92 äåõôåñü-

ëåðôá, Ýöèáóå ôï 85.6%.

l Áðüóôáóç ìåôáîý ôïõ áìÝóùò ðñïçãïýìåíïõ óçìáôïäü-

ôç êáé ôïõ óçìáôïäüôç ðëçóßïí ôçò óôÜóçò: Óôçí ðåñß-

ðôùóç ðïõ ç áðüóôáóç åßíáé ìéêñÞ, üðùò ãéá ðáñÜäåéã-

ìá óôç óôÜóç ÉððïêñÜôïõò, ôï ðïóïóôü ôùí ëåùöïñåßùí

ðïõ óôáìáôïýí óôç óôÜóç, üôáí ç Ýíäåéîç ôïõ óçìáôï-

äüôç åßíáé ðñÜóéíç, åßíáé áõîçìÝíï ëüãù ôçò óõíôïíé-

óìÝíçò óçìáôïäüôçóçò. 

l Áðüóôáóç ìåôáîý óôÜóçò êáé ôïõ ðëçóßïí óå áõôÞí

óçìáôïäüôç: ÁõôÞ åðçñåÜæåé ôï ÷ñüíï ðïõ áðáéôåßôáé

áðü ôï ëåùöïñåßï ãéá íá äéáíýóåé ôçí áðüóôáóç áõôÞ êáé

íá äéÝëèåé áðü ôç äéáóôáýñùóç. Óôéò ßäéåò óôÜóåéò, äçëá-

äÞ óôéò óôÜóåéò ÆÝñâá, ÉððïêñÜôïõò êáé 5ç ×ïëáñãïý, ôï

62.1% ôùí ëåùöïñåßùí ðïõ áöß÷èçóáí, üôáí ç Ýíäåéîç

ôïõ óçìáôïäüôç Þôáí êüêêéíç, áíá÷ùñåß áìÝóùò ìå ôçí

ðñÜóéíç Ýíäåéîç. Ôï õðüëïéðï 37.9% ÷ñçóéìïðïéåß êáé

ôìÞìá ôçò íÝáò ðñÜóéíçò Ýíäåéîçò, ðñïêåéìÝíïõ íá åîõ-

ðçñåôÞóåé ôïõò åðéâÜôåò. Ôá óõãêåêñéìÝíá ðïóïóôÜ

åîáñôþíôáé Ýììåóá áðü ôïõò ðáñÜãïíôåò ðïõ áíáöÝñèç-

êáí ðáñáðÜíù êáé éäéáßôåñá áðü ôïõò äýï ðñþôïõò.

Åðßóçò, ãéá ôéò ðñïáíáöåñèåßóåò óôÜóåéò ðáñáôçñÞèçêå

ãéá ôá ëåùöïñåßá ðïõ ÷ñåéÜóôçêå íá ðåñéìÝíïõí ôç íÝá ðñÜ-

óéíç Ýíäåéîç üôé: (á) Ôï 80.4% äéÝíõóå ôçí áðüóôáóç áðü ôç

óôÜóç Ýùò ôï óçìáôïäüôç, üôáí ï óçìáôïäüôçò åß÷å êüêêé-

íç Ýíäåéîç, áíåîÜñôçôá áðü ôï ðüóï ìéêñÞ Þ ü÷é Þôáí ç äéá-

íõüìåíç áðüóôáóç. ¸ôóé êÜðïéïò áñéèìüò åðéâáôþí äåí ðñü-

ëáâå ôï óõãêåêñéìÝíï ëåùöïñåßï, åíþ èá ìðïñïýóå, åÜí

ðáñÝìåíå óôç óôÜóç ìå áíïéêôÝò ôéò ðüñôåò, ìÝ÷ñé íá ãßíåé

ðñÜóéíç ç Ýíäåéîç. (â) Ôï 17% ôùí ëåùöïñåßùí ðáñÝìåéíå

óôç óôÜóç, ãéáôß ôï ôìÞìá áðü ôç óôÜóç Ýùò ôï óçìáôïäüôç

Þôáí êáôåéëçììÝíï áðü Üëëá ï÷Þìáôá. Áðü áõôÜ ìüíï ôï

17.5% åß÷å áíïéêôÝò ôéò ðüñôåò ôïõ. (ã) Ôï õðüëïéðï 2.6%

ôùí ëåùöïñåßùí äéÝíõóå ôçí áðüóôáóç áðü ôç óôÜóç Ýùò ôï

óçìáôïäüôç ÷ñçóéìïðïéþíôáò êáé ôìÞìá ôçò íÝáò ðñÜóéíçò

Ýíäåéîçò .

Ãéá ôç óôÜóç 3ç ×ïëáñãïý, ðïõ âñßóêåôáé áìÝóùò ìåôÜ

ôï óçìáôïäüôç, ðáñáôçñåßôáé üôé ôï 22% ôùí ëåùöïñåßùí

ðïõ óôáìÜôçóáí óå áõôÞ, üôáí ç Ýíäåéîç ôïõ óçìáôïäüôç

Þôáí ðñÜóéíç, óôáìÜôçóáí ðñïçãïýìåíá êáé óôï óçìáôïäüôç.

Ãéá ôç óôÜóç Óüíéá ðïõ âñßóêåôáé óôï ìÝóï ôïõ ïéêïäï-

ìéêïý ôåôñáãþíïõ, ï êõñéüôåñïò ðáñÜãïíôáò, ðïõ åðçñåÜæåé

ôçí êßíçóç ôùí ëåùöïñåßùí, åßíáé ç áõîçìÝíç êõêëïöïñßá

óôï ôìÞìá áðü ôç óôÜóç Ýùò ôï óçìáôïäüôç. ÐáñÜãïíôåò,

üðùò ï óõíïëéêüò ÷ñüíïò ðáñáìïíÞò ôïõ ëåùöïñåßïõ óôç

óôÜóç, äåí åßíáé ôüóï óçìáíôéêïß üóï óôéò ðñïçãïýìåíåò

ðåñéðôþóåéò, ãéáôß ôï ëåùöïñåßï, áöïý åîõðçñåôÞóåé ôïõò

åðéâÜôåò, äéáíýåé ìéá ó÷åôéêÜ ìåãÜëç áðüóôáóç ãéá íá öôÜ-

óåé óôï óçìáôïäüôç. ÊáôÜ óõíÝðåéá, ôï áí èá äéÝëèåé áðü ôç

äéáóôáýñùóç Þ èá óôáìáôÞóåé óôçí êüêêéíç Ýíäåéîç åîáñ-

ôÜôáé áðü ôïí êõêëïöïñéáêü öüñôï óôçí ïäü. 
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Ðßíáêáò 5: Ðëçñüôçôá ôùí ëåùöïñåßùí óôéò óôÜóåéò.

Table 5: Buses loading factor at stops.



ÔÝëïò, äéáðéóôþèçêå üôé óõíïëéêÜ ôï 16.1% ôùí ëåùöï-

ñåßùí, ôá ïðïßá óôáìÜôçóáí óôéò ðÝíôå óôÜóåéò üðïõ ðñáã-

ìáôïðïéÞèçêáí ïé ìåôñÞóåéò, åìðïäßóôçêáí áðü êÜðïéï

ü÷çìá ëßãï ðñéí áöé÷èïýí óôç óôÜóç Þ áíáãêÜóôçêáí íá

êÜíïõí êÜðïéïí åëéãìü. ÅéäéêÜ óôçí ðåñßðôùóç ôçò óôÜóçò

ÆÝñâá, ôï áíôßóôïé÷ï ðïóïóôü Þôáí 19%, åíþ èá Ýðñåðå íá

Þôáí ðïëý ìéêñü, áöïý õðÜñ÷åé áðïêëåéóôéêÞ ëùñßäá ãéá ôá

ëåùöïñåßá. Ôá ï÷Þìáôá, ðïõ åìðüäéæáí ôçí êßíçóç ôùí ëåù-

öïñåßùí, Þôáí êõñßùò ôá ôáîß êáé ôá öïñôçãÜ, ôá ïðïßá óôá-

ìáôïýóáí óå åëÜ÷éóôç áðüóôáóç áðü ôç óôÜóç: (á) ãéá íá

åîõðçñåôÞóïõí åðéâÜôåò êáé (â) ãéá öïñôïåêöüñôùóç áãá-

èþí áíôßóôïé÷á.

5.3.2. Áýîçóç ÷ñüíïõ äñïìïëïãßïõ ëåùöïñåßïõ ëüãù

ðáñáìïíÞò óôç óôÜóç 

Ãéá êÜèå óôÜóç õðïëïãßóôçêå ç áýîçóç ÷ñüíïõ äñïìï-

ëïãßïõ ëåùöïñåßïõ. Ç áýîçóç ôïõ ÷ñüíïõ áõôïý ïöåßëåôáé

óôï ÷ñüíï ðáñáìïíÞò ôùí ëåùöïñåßùí óôç óôÜóç ãéá åðéâß-

âáóç êáé áðïâßâáóç åðéâáôþí, áëëÜ äåí éóïýôáé óå üëåò ôéò

ðåñéðôþóåéò ìå ôï ÷ñüíï ðáñáìïíÞò óôéò óôÜóåéò. Ï ôñüðïò

õðïëïãéóìïý ôçò áýîçóçò ôïõ ÷ñüíïõ åßíáé äéáöïñåôéêüò

áíÜëïãá ìå ôï áí ç Üöéîç ôïõ ëåùöïñåßïõ óôç óôÜóç ðñáã-

ìáôïðïéÞèçêå, üôáí ç Ýíäåéîç ôïõ óçìáôïäüôç Þôáí ðñÜóé-

íç Þ êüêêéíç. 

Óôçí ðåñßðôùóç ðïõ ç Üöéîç ôïõ ëåùöïñåßïõ óôç óôÜóç

ðñáãìáôïðïéåßôáé, üôáí ç Ýíäåéîç ôïõ óçìáôïäüôç åßíáé êüê-

êéíç, ï áõîçìÝíïò ÷ñüíïò éóïýôáé ìå ôï ôìÞìá ôçò ðñÜóéíçò

Ýíäåéîçò ðïõ ÷ñçóéìïðïéåßôáé áðü ôï ëåùöïñåßï ãéá ôçí åîõ-

ðçñÝôçóç ôùí åðéâáôþí, äåäïìÝíïõ üôé ôï ëåùöïñåßï èá

ðáñÝìåíå óôï öùôåéíü óçìáôïäüôç ïýôùò Þ Üëëùò ëüãù ôçò

êüêêéíçò Ýíäåéîçò.

Óôçí ðåñßðôùóç ðïõ ç Üöéîç ôïõ ëåùöïñåßïõ óôç óôÜóç

ðñáãìáôïðïéåßôáé, üôáí ç Ýíäåéîç ôïõ óçìáôïäüôç åßíáé ðñÜ-

óéíç, ï áõîçìÝíïò ÷ñüíïò éóïýôáé ìå ôï Üèñïéóìá ôïõ ôìÞ-

ìáôïò ôïõ óõíïëéêïý ÷ñüíïõ ðáñáìïíÞò ôïõ ëåùöïñåßïõ

óôç óôÜóç, ðïõ óõìðßðôåé ìå ôìÞìá ôçò ðñÜóéíçò Ýíäåéîçò

êáé ôçí áíáìïíÞ óôçí êüêêéíç Ýíäåéîç, äåäïìÝíïõ üôé èá

äéåñ÷üôáí ìå ôçí ðñÜóéíç Ýíäåéîç ôï ëåùöïñåßï, åÜí äåí

õðÞñ÷å ç óôÜóç.

Äéáðéóôþèçêå üôé ç ìÝóç ôéìÞ ôïõ áõîçìÝíïõ ÷ñüíïõ,

üôáí ç Üöéîç óôç óôÜóç óõíÝðéðôå ìå ôçí ðñÜóéíç Ýíäåéîç

ôïõ óçìáôïäüôç, åßíáé 20.6 äåõôåñüëåðôá. Áíôßèåôá, ç ìÝóç

ôéìÞ ôïõ ÷ñüíïõ, üôáí ç Üöéîç óôç óôÜóç óõíÝðéðôå ìå ôçí

êüêêéíç Ýíäåéîç ôïõ óçìáôïäüôç, åßíáé ìüíï 3.5 äåõôåñüëå-

ðôá.

Ç äéáöïñÜ áíÜìåóá óôéò äýï ôéìÝò ïöåßëåôáé óôï üôé ôá

ëåùöïñåßá ðïõ áöß÷èçóáí óôéò óôÜóåéò, üôáí ç Ýíäåéîç ôïõ

óçìáôïäüôç Þôáí ðñÜóéíç, óôáìÜôçóáí ãéá ÷ñïíéêÞ ðåñßïäï

óôçí ïðïßá õðÞñ÷å ç äõíáôüôçôá êßíçóÞò ôïõò. Åðßóçò, Ýíá

óçìáíôéêü ðïóïóôü áðü áõôÜ äåí ðñüëáâå íá äéáó÷ßóåé ôç

äéáóôáýñùóç êáé ðåñßìåíå ôç íÝá ðñÜóéíç Ýíäåéîç. Áíôßèå-

ôá, ôá ëåùöïñåßá ðïõ áöß÷èçóáí óôç óôÜóç, üôáí ç Ýíäåéîç

ôïõ óçìáôïäüôç Þôáí êüêêéíç, áýîçóáí ôï ÷ñüíï äñïìïëï-

ãßïõ, ìüíï óôçí ðåñßðôùóç ðïõ ÷ñåéÜóôçêáí êáé ôìÞìá ôçò

ðñÜóéíçò Ýíäåéîçò ãéá íá åîõðçñåôÞóïõí ôïõò åðéâÜôåò.

ÅîÜëëïõ ç ÷ùñïèÝôçóç ôùí óôÜóåùí, óôéò ïðïßåò ðñáã-

ìáôïðïéÞèçêáí ïé ìåôñÞóåéò, åßíáé óùóôÞ óå ó÷Ýóç ìå ôç

èÝóç ôïõ óçìáôïäïôïýìåíïõ êüìâïõ, áí ëçöèïýí õðüøç ç

ðåñßïäïò ôçò óçìáôïäüôçóçò êáé ï ôñüðïò ðïõ ÷ñçóéìïðïé-

åßôáé ï ÷þñïò ãýñù áðü ôç óôÜóç. Ãéá ðáñÜäåéãìá, áí ç

óôÜóç ÉððïêñÜôïõò Þôáí áìÝóùò ìåôÜ ôï óçìáôïäüôç, ôüôå

ëüãù ôçò ìéêñÞò ó÷åôéêÜ äéÜñêåéáò ôçò ðñÜóéíçò Ýíäåéîçò

(G/C≈0.58) ðïëëÜ áðü ôá ëåùöïñåßá èá óôáìáôïýóáí êáé

óôç óôÜóç êáé óôçí êüêêéíç Ýíäåéîç ôïõ óçìáôïäüôç, åíþ óå

êÜðïéåò ðåñéðôþóåéò ôá ëåùöïñåßá èá Ýêëåéíáí ôïí êüìâï,

ïðüôå ôï áðïôÝëåóìá èá Þôáí äõóìåíÝóôåñï ãéá ôçí êõêëï-

öïñßá ôùí ï÷çìÜôùí. 

5.3.3. Ðëçñüôçôá ôùí ëåùöïñåßùí 

Ç ðëçñüôçôá ôïõ êÜèå ëåùöïñåßïõ äßíåôáé áðü ìéá êëß-

ìáêá ëåêôéêþí áðïäüóåùí, áíÜëïãá ìå ôï ðüóï ãåìÜôï Þ ü÷é

ðáñáôçñÞèçêå ôï ëåùöïñåßï, ôç óôéãìÞ ðïõ Ýöèáíå óôç

óôÜóç. ¸ôóé ôï «Ë» áíôéóôïé÷åß óå ëåùöïñåßï, óôï ïðïßï äåí

õðÞñ÷áí êáèüëïõ üñèéïé åðéâÜôåò êáé õðÞñ÷áí ðïëëÝò êåíÝò

èÝóåéò. Ôï «Ì» áíôéóôïé÷åß óå ëåùöïñåßï, óôï ïðïßï õðÞñ-

÷áí ëßãïé üñèéïé åðéâÜôåò êáé åëÜ÷éóôåò êåíÝò èÝóåéò. ÔÝëïò,

ôï «Ã» áíôéóôïé÷åß óå ëåùöïñåßï, óôï ïðïßï õðÞñ÷áí áñêå-

ôïß üñèéïé åðéâÜôåò êáé êáèüëïõ êåíÝò èÝóåéò.

Ôá áðïôåëÝóìáôá ôùí ìåôñÞóåùí óôéò óôÜóåéò ðáñïõ-

óéÜæïíôáé óôïí ðßíáêá 5.

6. ÌÁÈÇÌÁÔÉÊÁ ÐÑÏÔÕÐÁ
ÐÑÏÓÏÌÏÉÙÓÇÓ ÐÁÑÁÌÏÍÇÓ
ËÅÙÖÏÑÅÉÙÍ ÓÔÉÓ ÓÔÁÓÅÉÓ

Ìå ôá ìáèçìáôéêÜ ðñüôõðá åßíáé äõíáôÞ ç ðñïóïìïßùóç

ïðïéïõäÞðïôå öáéíïìÝíïõ. Åéäéêüôåñá, óôç óõãêåêñéìÝíç

ðåñßðôùóç åðé÷åéñåßôáé ç ðñïóïìïßùóç ôçò óôÜóçò ôùí ëåù-

öïñåßùí ãéá åîõðçñÝôçóç åðéâáôþí óå ó÷Ýóç ìå ôçí Ýíäåéîç

ôïõ öùôåéíïý óçìáôïäüôç. 

ÁíÜëïãá ìå ôï áí ç Üöéîç åíüò ëåùöïñåßïõ óôç óôÜóç

ðñáãìáôïðïéÞèçêå, üôáí ç Ýíäåéîç ôïõ óçìáôïäüôç Þôáí

ðñÜóéíç Þ êüêêéíç, õðïëïãßóôçêå ôï ôìÞìá ôïõ óõíïëéêïý

÷ñüíïõ ðáñáìïíÞò ôïõ ëåùöïñåßïõ óôç óôÜóç ðïõ óõìðß-

ðôåé ìå êÜðïéï ôìÞìá ôùí åíäåßîåùí ôïõ óçìáôïäüôç. 

ÅõñÝèçêå üôé ôï 30% ôïõ óõíüëïõ ôùí ëåùöïñåßùí ÷ñç-

óéìïðïßçóáí ôìÞìá êáé ôçò ðñÜóéíçò êáé ôçò êüêêéíçò Ýíäåé-

îçò ôïõ óçìáôïäüôç. 

Ç äéáäéêáóßá áíÜðôõîçò ôùí êáôÜëëçëùí ìáèçìáôéêþí

ðñïôýðùí ÷ùñßæåôáé óå äýï ðåñéðôþóåéò. Óôçí ðñþôç ÷ñçóé-
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ìïðïéÞèçêå ôï óýíïëï ôùí äéáèÝóéìùí óôïé÷åßùí, áíåîÜñôç-

ôá áðü ôï áí ç Üöéîç ôïõ ëåùöïñåßïõ óôç óôÜóç óõíÝðéðôå

ìå ôçí ðñÜóéíç Þ ìå ôçí êüêêéíç Ýíäåéîç ôïõ óçìáôïäüôç.

ÐñïêåéìÝíïõ íá äéá÷ùñéóôïýí ôá ëåùöïñåßá ðïõ áöß÷èçóáí

óôç óôÜóç, üôáí ç Ýíäåéîç ôïõ óçìáôïäüôç Þôáí ðñÜóéíç,

áðü åêåßíá ðïõ áöß÷èçóáí óôç óôÜóç, üôáí ç Ýíäåéîç ôïõ

óçìáôïäüôç Þôáí êüêêéíç, ÷ñçóéìïðïéÞèçêå ðïéïôéêÞ ìåôá-

âëçôÞ (dummy). Ç ìåôáâëçôÞ áõôÞ ëáìâÜíåé ôçí ôéìÞ 0,

üôáí ç Ýíäåéîç ôïõ óçìáôïäüôç Þôáí ðñÜóéíç, êáé ôçí ôéìÞ

1, üôáí ç Ýíäåéîç ôïõ óçìáôïäüôç Þôáí êüêêéíç. Óôç äåýôå-

ñç ðåñßðôùóç äéá÷ùñßóôçêå ôï äåßãìá ôùí ëåùöïñåßùí áíÜ-

ëïãá ìå ôï áí ç Üöéîç ôïõ ëåùöïñåßïõ óôç óôÜóç óõíÝðéðôå

ìå ôçí ðñÜóéíç Þ ìå ôçí êüêêéíç Ýíäåéîç ôïõ óçìáôïäüôç.

Óå áõôÞí ôçí ðåñßðôùóç ç ðïéïôéêÞ ìåôáâëçôÞ (dummy)

ðñïöáíþò äåí óõììåôÝ÷åé óôá ìáèçìáôéêÜ ðñüôõðá.

Ç ìÝèïäïò, ðïõ ÷ñçóéìïðïéÞèçêå ãéá ôçí êáôÜñôéóç ôùí

ìáèçìáôéêþí ðñïôýðùí, Þôáí ç ìÝèïäïò ôùí åëá÷ßóôùí

ôåôñáãþíùí, äçëáäÞ ç ÁíÜëõóç Ðáëéíäñüìçóçò [4, 5]. ¼ëïé

ïé õðïëïãéóìïß êáé ïé Ýëåã÷ïé ðñáãìáôïðïéÞèçêáí ìå ôï

ðñüãñáììá çëåêôñïíéêïý õðïëïãéóôÞ SPSS Release 8.0. Ôá

êñéôÞñéá, ìå âÜóç ôá ïðïßá åðéëÝîáìå ôá ìáèçìáôéêÜ ðñüôõ-

ðá, åßíáé ôá åîÞò: 

l Ïé ìåãÜëåò ôéìÝò ôïõ ðïëëáðëïý óõíôåëåóôÞ ðñïóäéïñé-

óìïý R2 êáé ôïõ åëÝã÷ïõ F.

l Ç âÝëôéóôç éêáíïðïßçóç ôùí õðïèÝóåùí ãéá ôï ôõ÷áßï

óöÜëìá å. Ï üñïò å ó÷åôßæåôáé ìå ôá óöÜëìáôá óôïõò

õðïëïãéóìïýò ôùí ðáñáìÝôñùí â. Ç èåùñçôéêÞ êáôáíï-

ìÞ, ðïõ áêïëïõèåß ôï å, êáèïñßæåé óå Ýíá óçìáíôéêü åðß-

ðåäï ôï ðüóï êáëÜ Þ ü÷é ôï äéáèÝóéìï ìáèçìáôéêü ðñü-

ôõðï ðåñéãñÜöåé ôç ó÷Ýóç ìåôáîý ôçò åîáñôçìÝíçò ìåôá-

âëçôÞò êáé ôùí áíåîÜñôçôùí ìåôáâëçôþí [5]. 

l Ïé ôéìÝò ôïõ åëÝã÷ïõ t ôïõ Student ãéá ôéò ðáñáìÝôñïõò â

ôïõ ìáèçìáôéêïý ðñïôýðïõ. Áðïññßöèçêáí åêåßíá ôá

ìáèçìáôéêÜ ðñüôõðá, óôá ïðïßá ç ôéìÞ ôïõ t ãéá ìßá

ðáñÜìåôñï â ëáìâÜíåé ôéìÞ åíôüò ìéáò ðåñéï÷Þò, ïðüôå

ðñïêýðôåé üôé õðÜñ÷åé ç ðéèáíüôçôá ç ðáñÜìåôñïò â íá

ëáìâÜíåé ìçäåíéêÞ ôéìÞ. Ç ðåñéï÷Þ áðüññéøçò, ãéá åðß-

ðåäï óçìáíôéêüôçôáò 0.05, ðåñéëáìâÜíåé ôéìÝò åíôüò ôïõ

äéáóôÞìáôïò +1.96 Ýùò -1.96 [5].

Óýìöùíá ìå ôá ðñïçãïýìåíá ãéá êÜèå ìßá ðåñßðôùóç

áíáðôý÷èçêå Ýíá æåýãïò ìáèçìáôéêþí ðñïôýðùí: ôï ðñþôï

ìáèçìáôéêü ðñüôõðï åêôéìÜ ôï ôìÞìá ôïõ óõíïëéêïý ÷ñüíïõ

ðáñáìïíÞò ôïõ ëåùöïñåßïõ óôç óôÜóç, ôï ïðïßï óõìðßðôåé

ìå ôìÞìá ôçò ðñÜóéíçò Ýíäåéîçò ôïõ óçìáôïäüôç, êáé ôï

Üëëï åêôéìÜ ôï ôìÞìá ôïõ óõíïëéêïý ÷ñüíïõ ðáñáìïíÞò ôïõ

ëåùöïñåßïõ óôç óôÜóç, ôï ïðïßï óõìðßðôåé ìå ôìÞìá ôçò

êüêêéíçò Ýíäåéîçò ôïõ óçìáôïäüôç. Ãéá ôï ëüãï áõôüí åßíáé

áíáãêáßï ïé äýï ìáèçìáôéêÝò ó÷Ýóåéò íá Ý÷ïõí ôéò ßäéåò áíå-

îÜñôçôåò ìåôáâëçôÝò, ãéá íá åßíáé äõíáôÞ ç ïðïéáäÞðïôå

óýãêñéóç ìåôáîý ôïõò. ÅîÜëëïõ ôï Üèñïéóìá ôùí áðïôåëå-

óìÜôùí ôùí äýï ìáèçìáôéêþí ðñïôýðùí åßíáé ßóï ìå ôï

óõíïëéêü ÷ñüíï ðáñáìïíÞò ôïõ ëåùöïñåßïõ óôç óôÜóç.

Ï óõíïëéêüò áñéèìüò ìáèçìáôéêþí ðñïôýðùí, ôá ïðïßá

áíáðôý÷èçêáí, åßíáé 6: ôï ðñþôï æåýãïò áíáöÝñåôáé óôï

óýíïëï ôùí ëåùöïñåßùí ðïõ êáôåãñÜöçóáí (ó÷Ýóåéò 5.1,

5.2 óôïí ðßíáêá 6), ôï Üëëï óôá ëåùöïñåßá ðïõ áöß÷èçóáí

óôç óôÜóç, üôáí ç Ýíäåéîç ôïõ óçìáôïäüôç Þôáí ðñÜóéíç

(ó÷Ýóåéò 5.3, 5.4 óôïí ðßíáêá 7), êáé ôï ôñßôï æåýãïò óôá

ëåùöïñåßá ðïõ áöß÷èçóáí óôç óôÜóç, üôáí ç Ýíäåéîç ôïõ

óçìáôïäüôç Þôáí êüêêéíç (ó÷Ýóåéò 5.5, 5.6 óôïí ðßíáêá 8). 

Ùò áíåîÜñôçôåò ìåôáâëçôÝò ÷ñçóéìïðïéïýíôáé ï ëüãïò

(G/C) êáé ï óõíïëéêüò ÷ñüíïò ðáñáìïíÞò åíüò ëåùöïñåßïõ

óôç óôÜóç (Dt), áöïý ïé ôéìÝò ðïõ ëáìâÜíïõí äåí åîáñôþ-

íôáé áðü ôçí Üöéîç åíüò ëåùöïñåßïõ óôç óôÜóç êáé ôçí

Ýíäåéîç ôïõ óçìáôïäüôç. Ï ëüãïò (G/C) åîáñôÜôáé áðü ôï

åðéëåãìÝíï ðñüãñáììá óçìáôïäüôçóçò êáé ï ÷ñüíïò (Dt)

áðü ôïí áñéèìü ôùí åðéâáôþí ðïõ åîõðçñåôïýíôáé óôç

óôÜóç. 

Ï ëüãïò [Dt(G)/G] åêöñÜæåé ôï ôìÞìá ôïõ óõíïëéêïý

÷ñüíïõ ðáñáìïíÞò ôïõ ëåùöïñåßïõ óôç óôÜóç, ôï ïðïßï

óõìðßðôåé ìå ôçí ðñÜóéíç Ýíäåéîç ôïõ óçìáôïäüôç, ùò ðïóï-

óôü (%). Áíôßóôïé÷á, ï ëüãïò [Dt(R)/R] åêöñÜæåé ôï ôìÞìá

ôïõ óõíïëéêïý ÷ñüíïõ ðáñáìïíÞò ôïõ ëåùöïñåßïõ óôç

óôÜóç, ôï ïðïßï óõìðßðôåé ìå ôçí êüêêéíç Ýíäåéîç ôïõ óçìá-

ôïäüôç, ùò ðïóïóôü (%).

ÔÝëïò, åßíáé óêüðéìï íá äïèåß ôï åýñïò ôéìþí, ôï ïðïßï

ðñïÝêõøå áðü ôéò ìåôñÞóåéò, ðïõ ëáìâÜíïõí ïé áíåîÜñôçôåò

ìåôáâëçôÝò ôùí ðñïôýðùí. Áõôü åßíáé ÷ñÞóéìï ãéá ìåëëï-

íôéêÝò åöáñìïãÝò ôùí ðñïôýðùí, åðåéäÞ åêôéìÞóåéò åßíáé

äõíáôüí íá ãßíïõí, ìüíïí üôáí ïé ôéìÝò ôùí áíåîáñôÞôùí

ìåôáâëçôþí âñßóêïíôáé åíôüò ôïõ äéáóôÞìáôïò ôùí ôéìþí

ðïõ åßíáé äéáèÝóéìá áðü ôï äåßãìá [5]. ¸ôóé ï óõíïëéêüò ÷ñü-

íïò ðáñáìïíÞò åíüò ëåùöïñåßïõ óôç óôÜóç (Dt) ëáìâÜíåé

ôéìÝò áðü 5 Ýùò êáé 65 äåõôåñüëåðôá êáé ï ëüãïò (G/C) ëáì-

âÜíåé ôéìÝò áðü 0.367 Ýùò êáé 0.833.

Ç óõììåôï÷Þ ôïõ ÷ñüíïõ Dt óôá ìáèçìáôéêÜ ðñüôõðá

åßíáé ðïëý óçìáíôéêÞ êáé öáßíåôáé áðü ôçí áõîçìÝíç ôéìÞ

ôïõ åëÝã÷ïõ t. Åðßóçò, óå üëá ôá ìáèçìáôéêÜ ðñüôõðá ç

ðáñÜìåôñïò ôçò óõãêåêñéìÝíçò ìåôáâëçôÞò Ý÷åé èåôéêÞ ôéìÞ.

Áõôü åßíáé áðüëõôá ëïãéêü, ãéáôß üóï ìåãáëýôåñïò åßíáé ï

óõíïëéêüò ÷ñüíïò ðáñáìïíÞò åíüò ëåùöïñåßïõ óôç óôÜóç,

ôüóï ðåñéóóüôåñï áõîÜíåé ç ðéèáíüôçôá íá óõìðßðôåé ìå

ìåãáëýôåñï ôìÞìá ôçò ðñÜóéíçò Þ ôçò êüêêéíçò Ýíäåéîçò ôïõ

óçìáôïäüôç.

Ç óõììåôï÷Þ ôïõ ëüãïõ G/C óôá ìáèçìáôéêÜ ðñüôõðá

åßíáé óôáôéóôéêÜ óçìáíôéêÞ, áëëÜ ü÷é ôüóï üóï ôçò ìåôá-

âëçôÞò Dt, áí ëçöèåß õðüøç ìüíï ç ôéìÞ ôïõ åëÝã÷ïõ t. Ç

ðáñÜìåôñïò ôçò ìåôáâëçôÞò G/C Ý÷åé áñíçôéêÞ ôéìÞ ãéá ôá

ðåñéóóüôåñá ðñüôõðá. Áõôü óçìáßíåé üôé üóï ðåñéóóüôåñï
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áõîÜíåé ï ëüãïò G/C, ôüóï ðåñéóóüôåñï ìåéþíåôáé ôï ôìÞìá

ôïõ óõíïëéêïý ÷ñüíïõ ðáñáìïíÞò ôïõ ëåùöïñåßïõ óôç

óôÜóç, ôï ïðïßï óõìðßðôåé ìå ôçí ðñÜóéíç Ýíäåéîç ôïõ óçìá-

ôïäüôç. 

7. ÁÎÉÏËÏÃÇÓÇ ÔÙÍ ÐÑÏÔÕÐÙÍ 

ÐñïêåéìÝíïõ íá äéáðéóôùèåß ôï åðßðåäï åöáñìïãÞò êáé

÷ñçóéìüôçôáò ôùí ðñïôåéíüìåíùí ìáèçìáôéêþí ðñïôýðùí,

óõëëÝ÷èçêáí åðéðëÝïí óôïé÷åßá áðü ìßá óôÜóç ðïõ äåí åß÷å

åðéëåãåß ãéá ôéò óõãêåêñéìÝíåò ìåôñÞóåéò (óôÜóç 4ç ×ïëáñ-

ãïý óôçí êÜèïäï ôçò ëåùöüñïõ Ìåóïãåßùí ðñïò ôï êÝíôñï

ôçò ðüëçò) êáé áðü ìßá óôÜóç üðïõ ðñáãìáôïðïéÞèçêáí

ìåôñÞóåéò (óôÜóç ÉððïêñÜôïõò). ÅðéëÝ÷èçêáí ëïéðüí ïé ðñï-

áíáöåñèåßóåò óôÜóåéò, ðñïêåéìÝíïõ íá áîéïëïãçèïýí ôá

ìáèçìáôéêÜ ðñüôõðá. 

Ç óôÜóç 4ç ×ïëáñãïý, áðü ôçí ïðïßá êáé óõëëÝ÷èçêáí

óôïé÷åßá ãéá ðñþôç öïñÜ, âñßóêåôáé áêñéâþò ðñéí áðü ôï

óçìáôïäüôç óå áðüóôáóç 20 ìÝôñùí áðü áõôüí, åíþ ï áìÝ-

óùò ðñïçãïýìåíïò óçìáôïäüôçò âñßóêåôáé óå áðüóôáóç 80

ìÝôñùí áðü ôï óçìáôïäüôç ðëçóßïí ôçò óôÜóçò, äçëáäÞ âñß-

óêåôáé ó÷åôéêÜ êïíôÜ. 

Ôï ìÝãåèïò ôïõ äåßãìáôïò Þôáí 17 ëåùöïñåßá êáé êÜëõ-

ðôå ôéò ðåñéðôþóåéò ôçò ìÝóçò êáé ôçò áõîçìÝíçò óõíïëéêÞò

êõêëïöïñßáò (2ï êáé 3ï åðßðåäï ðáñå÷üìåíçò åîõðçñÝôç-

óçò). 
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Ðßíáêáò 6: ÌáèçìáôéêÜ ðñüôõðá ãéá ôï óýíïëï ôùí ëåùöïñåßùí.

Table 6: Models for all buses.

Ðßíáêáò 7: ÌáèçìáôéêÜ ðñüôõðá ãéá ôá ëåùöïñåßá ðïõ áöß÷èçóáí óôç óôÜóç ìå Ýíäåéîç óçìáôïäüôç ðñÜóéíç.

Table 7: Models for buses arriving at stop with green traffic signal.

Ðßíáêáò 8: ÌáèçìáôéêÜ ðñüôõðá ãéá ôá ëåùöïñåßá ðïõ áöß÷èçóáí óôç óôÜóç ìå Ýíäåéîç óçìáôïäüôç êüêêéíç.

Table 8: Models for buses arriving at stop with red traffic signal.



Ôá êñéôÞñéá áîéïëüãçóçò ôùí áíáðôõ÷èÝíôùí ðñïôýðùí

âáóßæïíôáé óôç äõíáôüôçôá êáëÞò ðñïóáñìïãÞò ôïõò êáé óôï

áí ç ìïñöÞ ôïõò êáé ïé åêôéìçôÝò ôùí ðáñáìÝôñùí åßíáé

ïñèïß. Ôï äåýôåñï êñéôÞñéï êáëýöèçêå áðü ôçí ðáñïõóßáóç

ôùí ðñïôýðùí óôçí ðñïçãïýìåíç ðáñÜãñáöï êáé åéäéêüôåñá

ìå ôéò ôéìÝò ôùí R2, F êáé t-Student. Óôçí ðáñïýóá ðáñÜ-

ãñáöï áíáëýåôáé ôï ðñþôï êñéôÞñéï. Ï ôñüðïò, ìå ôïí ïðïßï

ãßíåôáé ç åöáñìïãÞ ôïõ êñéôçñßïõ áõôïý, åßíáé áñêåôÜ áðëüò

êáé âáóßæåôáé óôïí õðïëïãéóìü åíüò íÝïõ ðïëëáðëïý óõíôå-

ëåóôÞ ðñïóäéïñéóìïý, ï ïðïßïò óõìâïëßæåôáé ìå R2
ðñüâëåøçò

[5], êáé ôïí Ýëåã÷ï ÷2 êáëÞò ðñïóáñìïãÞò.

Ï ðïëëáðëüò óõíôåëåóôÞò ðñïóäéïñéóìïý ðñïêýðôåé ìå

âÜóç Ýíá êáéíïýñãéï äåßãìá, ôï ïðïßï óõëëÝ÷èçêå ãéá áõôüí

ôï óêïðü. Óýìöùíá ìå ôïõò Montgomery êáé Peck ôï êáé-

íïýñãéï äåßãìá èá ðñÝðåé íá áðïôåëåßôáé ôïõëÜ÷éóôïí áðü 10

ðáñáôçñÞóåéò, þóôå íá åßíáé äõíáôÞ ç åêôßìçóç ôïõ áðïôå-

ëÝóìáôïò [5].

Áí õðïôåèåß üôé ôá y1,�,yn áðïôåëïýí ôéò n1 ðáñáôçñÞ-

óåéò ðïõ ÷ñçóéìïðïéÞèçêáí ãéá íá êáôáñôéóôåß ôï óõãêåêñé-

ìÝíï ìáèçìáôéêü ðñüôõðï êáé ôá yn1+1,�, yn1+n2 
áðïôåëïýí

ôéò n2 ðáñáôçñÞóåéò ôïõ íÝïõ äåßãìáôïò, ôüôå ï íÝïò ðïëëá-

ðëüò óõíôåëåóôÞò ðñïóäéïñéóìïý ðñïêýðôåé áðü ôç ó÷Ýóç:

R2
ðñüâëåøçò =

üðïõ ôï i åßíáé ðñïâëåðüìåíç ôéìÞ ôçò åîáñôçìÝíçò ìåôá-

âëçôÞò ãéá ôçí i ðáñáôÞñçóç ìå ÷ñÞóç ôïõ äéáôéèÝìåíïõ

ðñïôýðïõ êáé ôï åßíáé ç ìÝóç ôéìÞ ôçò åîáñôçìÝíçò ìåôá-

âëçôÞò ìå âÜóç ôï áñ÷éêü äåßãìá. Óôçí ðåñßðôùóç ðïõ ï

R2
ðñüâëåøçò ðñïêýøåé óçìáíôéêÜ ìéêñüôåñïò áðü ôïí R2 ðïõ

áñ÷éêÜ åß÷å õðïëïãéóôåß, ç ÷ñÞóç ôïõ óõãêåêñéìÝíïõ ðñïôý-

ðïõ ðñÝðåé íá ãßíåôáé ìå åðéöýëáîç üóïí áöïñÜ óôá áðïôå-

ëÝóìáôá.

Óå êáìßá ðåñßðôùóç ìáèçìáôéêïý ðñïôýðïõ äåí ðáñáôç-

ñÞèçêå ìåßùóç ôïõ óõíôåëåóôÞ R2
ðñüâëåøçò óå ó÷Ýóç ìå ôïí

ðïëëáðëü óõíôåëåóôÞ ðñïóäéïñéóìïý ðïõ áñ÷éêÜ åß÷å õðï-

ëïãéóôåß ãéá êÜèå ìáèçìáôéêü ðñüôõðï. ÅðïìÝíùò, ìå âÜóç

ôï óõãêåêñéìÝíï Ýëåã÷ï äåí õðÜñ÷åé ðñüâëçìá êáôÜ ôç

÷ñÞóç ôùí ðñïôåéíüìåíùí ìáèçìáôéêþí ðñïôýðùí.

Åöáñìüæïíôáò ôïí Ýëåã÷ï ôïõ ÷2 åõñßóêåôáé ôï åðßðåäï

ôçò ðñïóáñìïãÞò ôïõ êÜèå ðñïôýðïõ [6]. Ãéá íá ãßíåé áõôü,

÷ñçóéìïðïéåßôáé ôï êáéíïýñãéï óôáôéóôéêü äåßãìá ôùí 17

ëåùöïñåßùí èåùñþíôáò üôé ôá áðïôåëÝóìáôá ìå ôç ÷ñÞóç

ôùí äéáöüñùí ðñïôýðùí áíôéóôïé÷ïýí óôç èåùñçôéêÞ

óõ÷íüôçôá êáé ïé ðñáãìáôéêÝò ôéìÝò óôçí ðáñáôçñïýìåíç

óõ÷íüôçôá. Áí êáé ãéá êÜðïéá ðñüôõðá (5.2, 5.4 êáé 5.5) ï

Ýëåã÷ïò ðñïêýðôåé ïñéáêÜ åõíïúêüò, óõìðåñáßíåôáé üôé ãéá

åðßðåäï óçìáíôéêüôçôáò 0.05 (95%) êáôÜ ôïí Ýëåã÷ï êáëÞò

ðñïóáñìïãÞò ôùí ðñïôýðùí, ôï 5% ôùí áðïôåëåóìÜôùí,

ðïõ ðñïêýðôïõí áðü ôï ðñüôõðï, èá áðïññéöèïýí.

ÊáôÜ óõíÝðåéá, óýìöùíá ìå ôéò ôéìÝò ôùí R2 êáé F, ôïõ

óõíôåëåóôÞ R2
ðñüâëåøçò êáé ôùí áðïôåëåóìÜôùí ôïõ åëÝã÷ïõ

÷2 ðñïôåßíïíôáé ãéá ÷ñÞóç ôá ìáèçìáôéêÜ ðñüôõðá 5.1 êáé

5.2 (ðßíáêáò 9). Ãéá ôçí åöáñìïãÞ ôïõò åßíáé áðáñáßôçôï,

üðùò Ý÷åé áíáöåñèåß êáé ðñïçãïýìåíá, íá åßíáé ãíùóôïß ï

óõíïëéêüò ÷ñüíïò ðáñáìïíÞò åíüò ëåùöïñåßïõ óôç óôÜóç

Dt êáé ï ÷áñáêôçñéóôéêüò ãéá ôç óçìáôïäüôçóç ëüãïò G/C. 

ÊáôÜ ôçí åöáñìïãÞ ôùí ìáèçìáôéêþí ðñïôýðùí óôï íÝï

äåßãìá, ðñïÝêõøáí ïé åîÞò åðéóçìÜíóåéò:

l ÊÜðïéá áðïôåëÝóìáôá, ðáñ� üëï ðïõ ðñïêýðôïõí ùò

ðïóïóôü, Ý÷ïõí áñíçôéêÞ ôéìÞ. Óå áõôÞí ôçí ðåñßðôùóç

ôï áðïôÝëåóìá èá ðñÝðåé íá èåùñåßôáé ßóï ìå ôï 0%.

l Ìå âÜóç ôçí ðñïçãïýìåíç ðáñáôÞñçóç, áí êáé óôï

óõãêåêñéìÝíï äåßãìá äåí ðñïÝêõøå ôÝôïéá ðåñßðôùóç,

êÜðïéá áðïôåëÝóìáôá ìðïñåß íá Ý÷ïõí ôéìÞ ìåãáëýôåñç

áðü ôï 100%. Óå áõôÞí ôçí ðåñßðôùóç ôï áðïôÝëåóìá èá

ðñÝðåé íá èåùñåßôáé ßóï ìå ôï 100%.

l ÕðÜñ÷åé ó÷åôéêÞ áäõíáìßá óôçí ðñïóÝããéóç åêåßíùí ôùí

ðáñáôçñÞóåùí ðïõ Ý÷ïõí ðïëý ìéêñÞ ôéìÞ, åíþ äåí óõì-

âáßíåé áõôü, üôáí ïé ðáñáôçñÞóåéò Ý÷ïõí ðïëý ìåãÜëç

ôéìÞ. Áõôü öáßíåôáé éäéáßôåñá óôéò ðåñéðôþóåéò ðïõ

êÜðïéï áðü ôá [Dt(G)/G] êáé [Dt(R)/R] åßíáé ßóï ìå ôï 0.

ÔÝëïò, èá ðñÝðåé íá áíáöåñèåß üôé êáôáñôßóôçêáí óõìðëç-

ñùìáôéêÜ ìáèçìáôéêÜ ðñüôõðá, óôá ïðïßá óõììåôåß÷å êáé ç

ìåôáâëçôÞ (Dt/Õð.Ýíä.). Ï üñïò [Õð.Ýíä.] áíáöÝñåôáé óôï

÷ñüíï ðïõ áðáéôåßôáé ãéá íá ôåëåéþóåé ç Ýíäåéîç (ðñÜóéíç Þ

êüêêéíç) ôïõ óçìáôïäüôç, êáôÜ ôç äéÜñêåéá ôçò ïðïßáò

y

y
)

( )
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Ðßíáêáò 9: ÂÝëôéóôá ìáèçìáôéêÜ ðñüôõðá. 

Table 9: Best model configuration.



êÜðïéï ëåùöïñåßï óôáìÜôçóå óôç óôÜóç ãéá íá åîõðçñåôÞ-

óåé åðéâÜôåò. 

ÅíäåéêôéêÜ áíáöÝñïõìå Ýíá ìáèçìáôéêü ðñüôõðï ãéá ôï

óýíïëï ôùí ëåùöïñåßùí: [Dt(G)/G] = -38.939 + 17.284 ·

· ln(Dt) - 27.802 · ln - 3.585 · ln -16.771·

· (dummy), üðïõ R2 = 0.60 êáé F = 378.32.

ÃåíéêÜ ôá áðïôåëÝóìáôá ðñïêýðôïõí óå ó÷Ýóç ìå ôá

ðñüôõðá (5.1) êáé (5.2) Ýùò êáé 29% êáëýôåñá ëáìâÜíïíôáò

õðüøç ôçí ôéìÞ ôïõ åëÝã÷ïõ F. Ðåñéóóüôåñï óçìáíôéêÞ åßíáé

ç äéáöïñÜ óôá ìáèçìáôéêÜ ðñüôõðá ðïõ áíáöÝñïíôáé óôá

ëåùöïñåßá ðïõ óôáìÜôçóáí óôç óôÜóç, üôáí ç Ýíäåéîç ôïõ

óçìáôïäüôç Þôáí áðïêëåéóôéêÜ ðñÜóéíç Þ êüêêéíç.

¼ìùò ãéá ôçí åöáñìïãÞ ôÝôïéùí ìáèçìáôéêþí ðñïôýðùí

áðáéôåßôáé ç åðéðëÝïí äéåñåýíçóç ôçò ýðáñîçò ãñáììéêÞò

óõó÷Ýôéóçò ìåôáîý ôïõ áðïôåëÝóìáôïò ðïõ äßíåé ôï ìáèçìá-

ôéêü ðñüôõðï, äçëáäÞ ôçò åîáñôçìÝíçò ìåôáâëçôÞò êáé ôçò

áíåîÜñôçôçò ìåôáâëçôÞò (Dt/Õð.Ýíä.). Óôç óõãêåêñéìÝíç

åöáñìïãÞ Ýãéíå ìüíï õðïëïãéóìüò ôïõ ãñáììéêïý óõíôåëå-

óôÞ óõó÷Ýôéóçò ìåôáîý ôçò åîáñôçìÝíçò (Dt(G)/G Þ

Dt(R)/R) êáé ôçò áíåîÜñôçôçò ìåôáâëçôÞò (Dt/Õð.Ýíä.). Ç

ìåãáëýôåñç ôéìÞ ðïõ ðñïÝêõøå Þôáí -0.457, ðïõ äåß÷íåé ôçí

ýðáñîç áóèåíïýò ãñáììéêÞò ó÷Ýóçò ìåôáîý ôùí äýï ìåôá-

âëçôþí.

Ç ÷ñçóéìïðïßçóç ôïõ ëüãïõ (Dt/Õð.Ýíä) ùò ìßá áðü ôéò

áíåîÜñôçôåò ìåôáâëçôÝò èá ìðïñïýóå íá ðñáãìáôïðïéçèåß

ìå ôçí åýñåóç ôçò ðéèáíïôéêÞò êáôáíïìÞò ôçò óõãêåêñéìÝ-

íçò ðïóüôçôáò. Óå áõôÞí ôçí ðåñßðôùóç ìå êáôÜëëçëïõò

äéá÷ùñéóìïýò, áíÜëïãá ìå ôçí Ýíäåéîç ôïõ óçìáôïäüôç êáé

ôï ìÝãåèïò ôçò êõêëïöïñßáò, åßíáé äõíáôÞ ç åöáñìïãÞ óôá

ìáèçìáôéêÜ ðñüôõðá ôùí áíáìåíüìåíùí ôéìþí ãéá êÜèå

ðåñßðôùóç.

8. ÅÖÁÑÌÏÃÇ ÐÑÏÔÕÐÙÍ

ÐñïêåéìÝíïõ íá ãßíåé ðåñéóóüôåñï êáôáíïçôÞ ç ðñáêôé-

êÞ ÷ñçóéìüôçôá ôùí ðñïôýðùí, ðáñïõóéÜæåôáé ï ôñüðïò ìå

âÜóç ôïí ïðïßï åöáñìüæïíôáé ôá ðñïôåéíüìåíá ìáèçìáôéêÜ

ðñüôõðá óå ôÝóóåñéò äéáöïñåôéêÝò ðåñéðôþóåéò ëåùöïñåßùí.

Ôá ëåùöïñåßá áõôÜ êáôáãñÜöçêáí óôç óôÜóç ÉððïêñÜôïõò,

óå ðåñßïäï ðïõ ç óõíïëéêÞ êõêëïöïñßá Þôáí áõîçìÝíç.

Ïé ó÷Ýóåéò ðïõ åöáñìüæïíôáé åßíáé ïé 5.1 êáé 5.2, ïé ïðïßåò

Ý÷ïõí ðñïêýøåé ìå âÜóç ôï óýíïëï ôùí ëåùöïñåßùí. Èá

ðñÝðåé íá áíáöåñèåß, åðßóçò, üôé óå üëåò ôéò ðåñéðôþóåéò ï

ëüãïò (G/C) åßíáé ßóïò ìå 0.611 êáé ç ðåñßïäïò óçìáôïäüôç-

óçò C ßóç ìå 90 äåõôåñüëåðôá. ÅðéðëÝïí áíáöÝñåôáé ï ÷ñü-

íïò ðïõ áðïìÝíåé ãéá íá ôåëåéþóåé ç Ýíäåéîç ôïõ óçìáôïäü-

ôç, ìÝóá óôçí ïðïßá ôï óõãêåêñéìÝíï ëåùöïñåßï áöß÷èçêå

óôç óôÜóç. Ôï ãñÜììá R óçìáßíåé üôé ç Üöéîç ôïõ ëåùöï-

ñåßïõ óôç óôÜóç ðñáãìáôïðïéÞèçêå, üôáí ç Ýíäåéîç ôïõ

óçìáôïäüôç Þôáí êüêêéíç, êáé ôï ãñÜììá G üôé ç Üöéîç ôïõ

ëåùöïñåßïõ óôç óôÜóç ðñáãìáôïðïéÞèçêå, üôáí ç Ýíäåéîç

ôïõ óçìáôïäüôç Þôáí ðñÜóéíç (ðßíáêáò 10).

Óõãêñßíïíôáò ôéò ôéìÝò, ðïõ ðñïêýðôïõí ãéá ôïõò ëüãïõò

Dt(G)/G êáé Dt(R)/R áðü ôéò ó÷Ýóåéò 5.1 êáé 5.2, ìå ôéò ðñáã-

ìáôéêÝò ðáñáôçñåßôáé üôé áõôÝò äéáöÝñïõí áñêåôÜ óå ìßá

ìüíï ðåñßðôùóç (á/á 4). ¼ìùò, õðïëïãßæïíôáò êáé ôï ÷ñüíï

Dt´, ðïõ ðñïêýðôåé ùò ôï Üèñïéóìá ôïõ Dt(G) êáé ôïõ Dt(R),

ôá ïðïßá ìå ôç óåéñÜ ôïõò ðñïêýðôïõí ìå áíáãùãÞ óå äåõ-

ôåñüëåðôá ôùí áðïôåëåóìÜôùí ôùí ó÷Ýóåùí 5.1 êáé 5.2,

ðáñáôçñåßôáé üôé áõôüò äéáöÝñåé êáôÜ ìßá ìéêñÞ ìüíï ðïóü-

ôçôá áðü ôçí ðñáãìáôéêÞ ôéìÞ ôïõ ÷ñüíïõ Dt. Ïé äéáöïñÝò

ìåôáîý ðñáãìáôéêÞò êáé õðïëïãéæüìåíçò ôéìÞò åßíáé óáöþò

ìåãáëýôåñåò óôá åðéìÝñïõò ôìÞìáôá ôïõ óõãêåêñéìÝíïõ

áèñïßóìáôïò êáé óå êÜðïéåò ðåñéðôþóåéò åßíáé äõíáôü íá

áðÝ÷ïõí óçìáíôéêÜ áðü ôçí ðñáãìáôéêüôçôá. 

9. ÓÕÌÐÅÑÁÓÌÁÔÁ

Óôçí ðáñïýóá åñãáóßá áíáðôý÷èçêå ìéá ìåèïäïëïãßá

áíÜëõóçò ôçò êßíçóçò ôùí ëåùöïñåßùí êïíôÜ óå óçìáôïäï-

ôïýìåíïõò êüìâïõò êáé ðñïóïìïßùóçò ôçò ðáñáìïíÞò ôïõò

óôç óôÜóç óå ó÷Ýóç ìå ôçí Ýíäåéîç ôïõ öùôåéíïý óçìáôïäü-

ôç. Áíáðôý÷èçêáí ìáèçìáôéêÜ ðñüôõðá ãéá ôçí ðñïóïìïßù-

óç ôçò ðáñáìïíÞò åíüò ëåùöïñåßïõ óôç óôÜóç, ç åöáñìïãÞ

ôùí ïðïßùí Ýäùóå ðïëý éêáíïðïéçôéêÜ áðïôåëÝóìáôá.

Ôá áðïôåëÝóìáôá ðïõ ðñïêýðôïõí åßíáé äõíáôü íá

äþóïõí ìéá åéêüíá ãéá ôïí ôñüðï, ìå ôïí ïðïßï ôá ëåùöïñåßá








νδπΥ .Ý.

Dt







C

G
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Ðßíáêáò 10: ÅöáñìïãÞ ìáèçìáôéêþí ðñïôýðùí. 

Table 10: Application example.



êéíïýíôáé êïíôÜ óå Ýíá óçìáôïäïôïýìåíï êüìâï, êáé ôçí

áëëçëïåðßäñáóÞ ôïõò ìå ôá õðüëïéðá ï÷Þìáôá. ÅðéðëÝïí, ôá

áðïôåëÝóìáôá áõôÜ ìðïñïýí íá ÷ñçóéìïðïéçèïýí êáôÜ ôïí

êáèïñéóìü ôùí âÝëôéóôùí ðñïãñáììÜôùí óçìáôïäüôçóçò

óå Ýíá ðñüãñáììá åíåñãçôéêÞò ðñïôåñáéüôçôáò ôùí ëåùöï-

ñåßùí. Ìå áõôüí ôïí ôñüðï ïé êéíÞóåéò ôùí ëåùöïñåßùí ëáì-

âÜíïíôáé õðüøç ìå áõîçìÝíïõò óõíôåëåóôÝò âáñýôçôáò êáé

ðáñÜëëçëá åðéôõã÷Üíåôáé ìåßùóç ôïõ ÷ñüíïõ áíáìïíÞò ôùí

ëåùöïñåßùí óôïõò óçìáôïäïôïýìåíïõò êüìâïõò áîéïðïéþ-

íôáò ôçí êüêêéíç Ýíäåéîç ôïõ öùôåéíïý óçìáôïäüôç ãéá ôçí

ðáñáìïíÞ ôùí ëåùöïñåßùí óôç óôÜóç. ¸íá ôÝôïéï ðñüãñáì-

ìá åßíáé ôï BUS TRANSYT, ôï ïðïßï áðïôåëåß ìÝñïò ôïõ

ãåíéêüôåñïõ ðñïãñÜììáôïò TRANSYT, ôï ïðïßï âåëôéóôï-

ðïéåß ôïõò ÷ñüíïõò Ýíáñîçò êáé ôç äéÜñêåéá ôùí ðñÜóéíùí

åíäåßîåùí, þóôå íá åëá÷éóôïðïéçèåß ôï êüóôïò ôùí êáèõóôå-

ñÞóåùí êáé óôÜóåùí óôï åîåôáæüìåíï äßêôõï [1, 2, 7]. 

Åðßóçò, ç ìåèïäïëïãßá áõôÞ èá ìðïñïýóå íá ÷ñçóéìï-

ðïéçèåß ãéá ôïí Ýëåã÷ï ôçò èÝóçò ìéáò óôÜóçò ðïõ åðçñåÜæå-

ôáé áðü öùôåéíü óçìáôïäüôç. Ï Ýëåã÷ïò áõôüò èá ìðïñïýóå

íá ãßíåé ëáìâÜíïíôáò õðüøç ôçí ðåñßïäï ôçò óçìáôïäüôç-

óçò, ôïí ôñüðï ìå ôïí ïðïßï ÷ñçóéìïðïéåßôáé ï ÷þñïò ãýñù

áðü ôç óôÜóç, êáé ôç óõíïëéêÞ êõêëïöïñßá. 

Ï Ýëåã÷ïò ôçò èÝóçò ìéáò óôÜóçò èá ìðïñïýóå íá åðå-

êôáèåß êáé óôçí åýñåóç ôçò âÝëôéóôçò ó÷Ýóçò áíÜìåóá óôï

óõíïëéêü ÷ñüíï ðáñáìïíÞò åíüò ëåùöïñåßïõ óôç óôÜóç êáé

ôï ëüãï G/C, þóôå íá åðéôõã÷Üíåôáé ç ìåãáëýôåñç ÷ñçóéìï-

ðïßçóç ôçò êüêêéíçò Ýíäåéîçò. ¸ôóé óôçí ðåñßðôùóç ìéáò

óôÜóçò ðïõ âñßóêåôáé áêñéâþò ðñéí áðü ôï óçìáôïäüôç êáé

÷áñáêôçñßæåôáé áðü ìåãÜëç æÞôçóç ãéá åðéâßâáóç/áðïâßâá-

óç åðéâáôþí, ìå áðïôÝëåóìá áõîçìÝíï ÷ñüíï ðáñáìïíÞò

ôïõ ëåùöïñåßïõ óôç óôÜóç, ç ìåßùóç ôïõ ëüãïõ G/C èá ìðï-

ñïýóå íá ïäçãÞóåé óôç âåëôßùóç ôçò åîõðçñÝôçóçò ðïõ

ðáñÝ÷ïõí ôá ëåùöïñåßá.

Ìå âÜóç ôá ðñïçãïýìåíá ç óõììåôï÷Þ ôùí ëåùöïñåßùí

óå Ýíá ðñüãñáììá óçìáôïäüôçóçò èá ðñÝðåé íá ëáìâÜíåé

õðüøç ôçò êáé ôç èÝóç ôùí óôÜóåùí ðïõ åðçñåÜæïíôáé áðü

ôïõò óçìáôïäüôåò êáé ü÷é ìüíï ôïõò óõíôåëåóôÝò óôÜèìéóçò

ôùí ëåùöïñåßùí ìå ôá õðüëïéðá ï÷Þìáôá, üðùò óõìâáßíåé.

ÔÝëïò, åðåéäÞ ç áëëçëïåðßäñáóç ëåùöïñåßùí êáé õðï-

ëïßðùí ï÷çìÜôùí åßíáé ðåñéóóüôåñï Ýíôïíç óôïõò óçìáôï-

äïôïýìåíïõò êüìâïõò êáé éäéáßôåñá üôáí õðÜñ÷ïõí óôÜóåéò

óå ìéêñÞ áðüóôáóç, åßíáé åöéêôü, ìÝóù ôçò áíÜëõóçò ôçò

êßíçóçò ôùí ëåùöïñåßùí êáé ôïõò ðáñÜãïíôåò ðïõ ôçí åðç-

ñåÜæïõí, íá åëåã÷èåß ç åðßäñáóç óôá ëåùöïñåßá ôçò êßíçóçò

êÜðïéáò Üëëçò êáôçãïñßáò ï÷çìÜôùí, üðùò ãéá ðáñÜäåéãìá

ôùí ôáîß.

Ç óõãêåêñéìÝíç ìåèïäïëïãßá èá ìðïñïýóå íá åðåêôáèåß

óõëëÝãïíôáò óôïé÷åßá áðü ðåñéóóüôåñåò óôÜóåéò, óýìöùíá

ìå ôçí êáôçãïñéïðïßçóç ðïõ ðñïôåßíåôáé, þóôå ôá åýñç

ôéìþí íá åßíáé ìåãáëýôåñá êáé íá ëçöèïýí õðüøç ðåñéóóü-

ôåñåò äéáöïñåôéêÝò ðåñéðôþóåéò. Åðßóçò, èá ìðïñïýóå íá

åðåêôáèåß óõëëÝãïíôáò îå÷ùñéóôÜ óôïé÷åßá áíÜëïãá ìå ôï áí

ç êõêëïöïñßá åßíáé áõîçìÝíç Þ ü÷é, þóôå íá êáôáñôéóôïýí

äéáöïñåôéêÜ ìáèçìáôéêÜ ðñüôõðá ãéá êÜèå åðßðåäï åîõðçñÝ-

ôçóçò. 
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Abstract 

A significant part of total travel time for Public Transport takes

place in the areas of traffic light intersections. The improvement in

bus movement in those areas might provide beneficial results for all

traffic in the city. Bus movements were analyzed at bus stops quali-

tatively and quantitatively, based on data collected at several bus

stops during peak and off-peak periods. A number of models were

developed for the calculation of the portion of the total time the bus

remained at a stop that coincided with the green or the red indi-

cation of the traffic light.

1. INTRODUCTION

The improvement and preferential treatment of Public

Transport constitute the kind of measures that might provide

the most beneficial results. Using management transport

systems techniques and avoiding construction of new facili-

ties, it is possible to alleviate part of the negative conse-

quences arising from the extended use of private car.

The aim of this paper is the analysis of bus movement

near traffic light intersections and the simulation of their

stops for picking up and discharging passengers in relation to

the indications of traffic light (green or red). For this purpose

models were developed and the corresponding advantages

from their applications were determined.

2. METHODOLOGY

At a bus stop affected by the traffic light located near it, a

bus arrives when the traffic light is either green or red (figure 1). 

It is evident that a portion of the total time that the bus

remains at the stop coincides with part of the green and red

signal of the traffic light. These portions of time could be

related to the length of the green and red light signal.

Models were developed to simulate such relations. They

include the value G/C (green time period / total signaling

period) and the total time the bus stops at the bus stop. In

certain circumstances other values are included. The models

are developed for the following categories: (a) for all buses,

(b) for buses arriving at the stop when the traffic light indi-

cation is green, (c) for buses arriving at the stop when the

traffic light indication is red. In order to achieve the above the

necessary data ware collected.

A coordinated fixed time traffic light system was

assumed. The models were implemented in order to deter-

mine the range of implementation as well to verify their use-

fulness and the validity of the results.

3. SAMPLING METHODOLOGY 

Data were collected from bus stops located in central

arteries having traffic direction to and from the center of the

city of Athens; more specifically, in Kifissias Ave., Alexan-

dras Ave. and Messogion Ave.

Both quantitative and qualitative data were collected.

This accounts for the use of a video camera.

Stops were selected according to their distance to the traf-

fic light, and being near enough to be affected by this. Speci-

fically, the stops selected were located either before or after a

traffic light. Furthermore, since city blocks are small, a stop

in the middle of block was selected, with a minimum distance

of 100 meters from the traffic light. It was considered that

stops located at a distance greater than 100 meters are not

effected by the traffic light.

The number of different cases encountered were many

(10�12 cases), taking into account: the distance between the

previous traffic light and the one near the stop, the distance

between the stop and traffic light and whether the right turn

was prohibited or not. Therefore, it was necessary to deter-

mine the most representative cases. Thus, the following five

stops were selected for data collection:
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1. A stop located before the traffic light, while having the

previous traffic light at a close distance with right turn

prohibition (Hippocratous stop).

2. A stop located before the traffic light, while far from the

previous traffic light with right turn prohibition (5th Ho-

largos stop).

3. A stop located before the traffic light, with the next traf-

fic light at a relative distance from the stop, allowing right

turn (Zerva stop).

4. A stop located in the middle of the block, where the dri-

ver has visual contact with the traffic light (Sonia stop).

5. A stop located after the traffic light with the previous traf-

fic light relatively far (3rd Holargos stop).

Data were collected during all traffic conditions: reduced

traffic (which is called 1st stage of services provided),

increased traffic (which is called 3rd stage of services provi-

ded) and a traffic condition between the previous two (which

is called 2nd stage of services provided).

The data were collected during the period from 6/7/1998

until to 17/6/1998, during the morning and afternoon hours,

for a total of 38 hours (table 1).

4. ANALYSIS OF DATA
4.1. Total time the bus remained at a stop

The number of buses recorded was 1115. Of these, 91%

made a stop in order to serve passengers. It was calculated

that the average total time spent at the stop was equal to 15.9

seconds. During peak hours it increased by 2 seconds and

during off-peak hours it decreased by 1.5 seconds (table 2).

The clearance time between successive buses (tc) was

estimated to fluctuate between 3 to 12 seconds. Its highest

value refers to fully loaded buses causing significant delays,

mostly during boarding.

It was found that 76.5% of buses stopped when the traffic

light was green, while the remaining 23.5% stopped when the

traffic light was red.

The average value of the total time buses remained at the

stop was 17.4 seconds, if they arrived when the traffic light

was red. This time was on the average shorter by 1.9 seconds

if they arrived when the traffic signal was green (table 3).

It may be concluded (table 4) that the percentage of the

buses that remained at the stop when the traffic light was

green or red was subject to the following factors:

(a) The location of the stop in relation to the intersection

(before, after, far).

(b) The distance at which the previous traffic light was

located (near, far).

(c) The signaling period in combination with the duration of

green/red signal.

4.2. Distribution of bus arrivals at each stop

A theoretical distribution of arrivals of buses at a stop was

done for a period equal to the signaling period, in order to

control the way buses arrived at a stop in relation to the sig-

naling period.

It was found that buses arriving at the stops follow the

Poisson distribution, where arrivals at each stop occur ran-

domly, at a significance level of 0.01. This means that, at the

time the bus arrived at the stop, the remaining time left for the

traffic light signal to change could have any value.

4.3. Bus movements

The bus movements change according to the bus stop

location in relation to the traffic light. Stops located immedia-

tely before the traffic light presented a greater number of dif-

ferent situations compared to those located after the traffic

light and in the middle of the block.

For stops Zerva, Hippocratous, 5th of Holargos located

before the traffic light: 62.4% of buses that stopped at any of

the above when the signal was green, managed to cross the

intersection with the same green signal. The remaining

37.6% did not manage to cross and had to wait for the new

green light indication. 62.1% of buses arriving at these stops

when the signal was red, had to wait for the new green light

indication. The remaining 37.9% used part of the new green

light indication in order to serve the passengers.

For 3rd Holargos stop, located immediately after the traf-

fic light, the most significant observation is that 22% of the

buses stopped when the traffic light indication was green and

had made a stop at the previous traffic light.

As for Sonia stop located in the middle of the block, the

main factor affecting the movement of buses at this stop was

the severe traffic volumes between the bus stop and the traf-

fic light. 

Finally, it was concluded that overall 16% of all buses

that stopped at the stops had been obstructed by another vehi-

cle or had to make a maneuver before arriving at the stop.

The vehicles obstructing the buses were mainly taxis and

trucks, which stopped before the stop to serve passengers or

load/unload goods, respectively.

4.4. Increase of bus trip time due to bus stops

The increase of bus trip time is caused by the time spent

at a bus stop for boarding and alighting passengers. However

the actual time increase is not equal in all cases to the time

spend at bus stop. This is due to the time lost or gained due

to the traffic signal at the near-by traffic light.

It was concluded that the average time spent by a bus at a

bus stop when its arrival coincided with the green light indi-

cation was 20.6 seconds. On the other hand, the average time
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when its arrival coincided with the red light indication was

3.5 seconds.

4.5. Buses loading factor

The load factor of each bus was given in a descriptive

scale, depending on the number of passengers on the bus in

relation to the bus capacity at the time it arrived at the stop.

It was concluded that a great number of buses have increased

loading factors during peak hours (table 5). 

5. SIMULATION MODELS

Simulation models were developed for two categories. In

the first, the total number of buses was included, regardless

whether arrival of the bus at the stop coincided with the green

or red signal.

In order to classify the buses, a dummy variable was used.

The variable received a 0 value when the traffic signal was

green at the bus arrival and a value of 1 when the traffic light

signal was red.

In the second category the buses were classified depen-

ding on the arrival at the bus stop coinciding with the green

or red signal. In this case the dummy variable did not partic-

ipate in the model.

The method used for the estimation of the model para-

meters was the least squares (Regression Analysis). All cal-

culations and controls were carried out using the software

program SPSS Release 8.0.

After the Regression Analysis, 6 models out of the total

developed models were selected. The models were developed

in pairs, one model for the time spent in relation to green

indication and the other for the time spent in relation to the

red indication. The first pair (5.1, 5.2 - table 6) refer to all

buses recorded, the second pair refer exclusively to the buses

arriving at the stop when the signal was green (5.3, 5.4 - table

7) and the third pair to the buses arriving at the stop when the

signal was red (5.5, 5.6 - table 8).

In order to choose one pair of the recommended models,

they were applied with additional data collected from a new

bus stop and from a stop already used. For such a choice cri-

teria related to the models� performance, as well their prac-

tice power were used (table 10).

The above applications suggested the use of the models

presented in formulae 5.1 and 5.2 with independent variables

Dt (time remaining at bus stop) and G/C (ratio of green to

total signal) or R/C (ratio of red to total signal). The depen-

dent variable Dt(G)/G or Dt(R)/R provides for the percentage

of total green or red time, respectively, that a bus remains at

a bus stop (table 9). 

6. CONCLUSIONS

In the above analysis a methodology was developed to

analyse the movement of buses near traffic light intersections

and the simulation of bus stops in relation to the traffic light

signal.

The results provide a picture of the way in which the

buses behave near a traffic light intersection and how they

influence and are influenced by other vehicles. Moreover,

these results can be used to determine a better signaling pro-

gram for activated program bus preference (BUS TRAN-

SYT).

In addition, this methodology could be used to suggest the

location of a bus stop affected by traffic light signal. This

could be done considering the signaling period, the way the

area around the stop is used and the traffic in general.

The assessment of the bus stop location could also be

extended towards finding an improvement in the relation

between the total time a bus remains in a stop and the G/C

ratio, in order to achieve greater use of the red signal during

bus stops.

Selecting data from more stops, according to the

suggested classification, could expand the methodology

developed, so that the ranges of parameters values are larger,

taking into consideration more different cases. It could also

be expanded selecting additional data according to traffic

volume increases in order to elaborate different models for

each level of service.
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