
Ðåñßëçøç

Óôï Üñèñï áõôü ðáñïõóéÜæåôáé ç «èåùñßá ôùí áðïäåßîåùí» óôçí

ôáîéíüìçóç åéêüíùí Ôçëåðéóêüðçóçò. Êýñéïò óôü÷ïò åßíáé íá åéóá-

÷èïýí ïé ëéãüôåñåò äçìïöéëåßò Ýííïéåò ôùí óõíáñôÞóåùí áîéïðéóôßáò

óôçí ôáîéíüìçóç. Ç óõíÜñôçóç áîéïðéóôßáò ìðïñåß íá èåùñçèåß ùò

ìßá ãåíßêåõóç ôçò êëáóéêÞò Ýííïéáò ôçò óõíÜñôçóçò ðéèáíüôçôáò

êáôÜ Bayes ðïõ ðåñéëáìâÜíåé, üìùò, Ýíáí ôñüðï áîéïëüãçóçò ôçò

éó÷ýïò ìéáò óôáôéóôéêÞò õðüèåóçò âáóéæüìåíçò óå áðïäåéêôéêÜ óôïé-

÷åßá. ÔÝëïò, ðáñïõóéÜæïíôáé åðôÜ ðáñáäåßãìáôá ãéá ôçí êáôáíüçóç

ôçò «èåùñßáò ôùí áðïäåßîåùí».

1. ÅÉÓÁÃÙÃÇ

Ç ôáîéíüìçóç åßíáé ìÝèïäïò êõñßùò ôçò ðïëõäéÜóôáôçò

ÓôáôéóôéêÞò (Duda and Hart, 1973⋅⋅ Anderson, 1984⋅⋅ Awcock

and Thomas, 1995⋅⋅ Castleman, 1996) ðïõ áöïñÜ óôïí äéá-

÷ùñéóìü áíôéêåéìÝíùí êáé ôçí êáôá÷þñéóÞ ôïõò óå äýï Þ

ðåñéóóüôåñåò ïìÜäåò Þ ôÜîåéò. Ðñþôïò óôü÷ïò ôçò ôáîéíüìç-

óçò åßíáé ç ðåñéãñáöÞ ôçò �äéáöïñïðïßçóçò� ôùí áíôéêåéìÝ-

íùí. Äåýôåñïò óôü÷ïò åßíáé ç åðéëïãÞ åíüò �êáíüíá� (êáôÜë-

ëçëïõ áëãüñéèìïõ), þóôå íá äéá÷ùñéóôïýí ôá áíôéêåßìåíá

óå äýï Þ ðåñéóóüôåñåò ïìïåéäåßò ôÜîåéò.

Ç ôáîéíüìçóç ôçò øçöéáêÞò åéêüíáò (Jensen, 1995⋅⋅

Richards, 1993⋅⋅ Congalton and Green, 1998⋅⋅ Schowengerdt,

1983⋅⋅ 1997) åßíáé ç äéáäéêáóßá áíôéóôïé÷ßáò Þ ôïðïèÝôçóçò

ôùí ôéìþí öùôåéíüôçôáò ôùí åéêïíïóôïé÷åßùí óå ïìÜäåò ðïõ

áíôéóôïé÷ïýí óå äéáöïñåôéêÜ åðéöáíåéáêÜ õëéêÜ Þ óõíèÞêåò,

êáé ôá ïðïßá ðáñïõóéÜæïõí ôçí ßäéá ìïñöÞ, ôéò ßäéåò ðåñßðïõ

éäéüôçôåò. Óå ìåëÝôç áîéïëüãçóçò ôçò ðïéüôçôáò ôïõ íåñïý,

ãéá ðáñÜäåéãìá, Ýíá ðñþôï âÞìá èá Þôáí íá ÷ñçóéìïðïéçèåß

ç ôáîéíüìçóç ôçò åéêüíáò, þóôå íá áíáãíùñéóôïýí üëá ôá

åéêïíïóôïé÷åßá ôçò åéêüíáò ðïõ áíôéóôïé÷ïýí óôï íåñü.

ÌåôÝðåéôá, ç ôáîéíüìçóç ìðïñåß íá åðéêåíôñùèåß óå ëåðôï-

ìåñÝóôåñç ìåëÝôç ôùí åéêïíïóôïé÷åßùí áõôþí, þóôå íá ÷áñ-

ôïãñáöçèåß ç ðïéüôçôá ôïõ íåñïý, ôï âÜèïò ôïõ ðõèìÝíá

ê.ï.ê.

Ïé ðåñéóóüôåñåò ðáñáäïóéáêÝò ìÝèïäïé ôçò ôáîéíüìçóçò,

üðùò ôçò ìÝãéóôçò ðéèáíïöÜíåéáò, ôçò åëÜ÷éóôçò áðüóôáóçò

ê.ëð. (Curran, 1985⋅⋅ Campbell, 1987⋅⋅ Richards, 1993), áðáé-

ôïýí (1) üëá ôá óôïé÷åßá íá åßíáé øçöéáêÜ, (2) âáóßæïíôáé óå

ðáñáìåôñéêÜ óôáôéóôéêÜ ìïíôÝëá, üðùò ôçò êáíïíéêÞò êáôá-

íïìÞò ôïõ Gauss, êáé (3) åßíáé ó÷åäéáóìÝíåò íá ìçí ìðïñïýí

íá äéá÷åéñßæïíôáé äåäïìÝíá áðü äéáöïñåôéêÝò ðçãÝò Þ áêñß-

âåéåò. ¼ìùò óôçí ðñÜîç, ðïëëÜ äåäïìÝíá äåí éêáíïðïéïýí

üëåò ôéò ðáñáðÜíù óõíèÞêåò. Ç ìáèçìáôéêÞ «èåùñßá ôùí

áðïäåßîåùí» (Theory of Evidence) (Shafer, 1976⋅⋅ Shafer and

Pearl, 1990⋅⋅ Yager et al., 1994) Þ «èåùñßá ôïõ Dempster-

Shafer» åßíáé Ýíá ðåäßï, óôï ïðïßï ïé ðçãÝò äåäïìÝíùí (ð.÷.

åéêüíåò, ÷Üñôåò, ðñïóùðéêÞ åêôßìçóç ìç÷áíéêïý ê.ëð.) - ðïõ

áíôéìåôùðßæïíôáé îå÷ùñéóôÜ êáé áíåîÜñôçôá ç ìßá áðü ôçí

Üëëç - äåí áðáéôïýíôáé íá åßíáé óå øçöéáêÞ ìïñöÞ. Åðßóçò,

óôç èåùñßá áõôÞ ôï óôáôéóôéêü ìïíôÝëï äåí áðáéôåßôáé íá

áêïëïõèåßôáé áõóôçñÜ áëëÜ íá äßíåé ôç äõíáôüôçôá íá áíôé-

ìåôùðßóåé êáíåßò äåäïìÝíá (ðçãÝò) ðïëëþí, äéáöïñåôéêþí

áëëÜ êáé ìåãÜëùí äéáóôÜóåùí.

Ç èåùñßá ôùí áðïäåßîåùí ÷ñçóéìïðïéåßôáé ôåëåõôáßá

óôçí ôå÷íçôÞ íïçìïóýíç, üðïõ ìå ôç èåùñßá ôçò ìáèçìáôé-

êÞò ðéèáíüôçôáò ðñïóðáèåß íá õëïðïéÞóåé ôçí õðïêåéìåíéêÞ

êñßóç.

2. ÁÎÉÏÐÉÓÔÉÁ ÓÔÇ ÓÔÁÔÉÓÔÉÊÇ 
ÕÐÏÈÅÓÇ

Ç ôáîéíüìçóç ìðïñåß íá èåùñçèåß ìéá äéáäéêáóßá áðåé-

êüíéóçò áðü ôïí ÷þñï × ôùí äåäïìÝíùí Þ ôùí ðáñáôçñÞóåùí

óôïí ÷þñï ôùí ôÜîåùí Ù (ó÷Þìá 1). Óôçí Ôçëåðéóêüðçóç ï

÷þñïò × óõíÞèùò åêöñÜæåôáé áðü ôçí ðïëõöáóìáôéêÞ åéêü-

íá ðïõ åßíáé ôï óýíïëï ôùí øçößäùí. Ôá óôïé÷åßá ôïõ ÷þñïõ

Ù åßíáé üëåò ïé åðéæçôïýìåíåò ôÜîåéò ôçò åäáöéêÞò êÜëõøçò

(ð.÷. Ýäáöïò, âëÜóôçóç, íåñÜ ê.ëð.) ðïõ èá ðñïêýøïõí áðü

ôç äéáäéêáóßá ôçò ôáîéíüìçóçò.

¸óôù üôé óå ìßá ôáîéíüìçóç åéêüíáò áíáìÝíåôáé íá ðñï-

êýøïõí ôÝóóåñéò ôÜîåéò Á={äÜóïò}, Â={êáëëéÝñãåéá},

C={íåñÜ}, D={áóôéêÞ ðåñéï÷Þ} (ó÷Þìá 2). Ôï ðåðåñáóìÝíï
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óýíïëï üëùí áõôþí ôùí ôÜîåùí óõìâïëßæåôáé ìå Ù={äÜóïò,

êáëëéÝñãåéá, íåñÜ, áóôéêÜ} êáé ïíïìÜæåôáé ðëáßóéï äéáêñß-

óåùí (frame of discernment). To óýíïëï áõôü èåùñåßôáé üôé

ðåñéÝ÷åé áíåîÜñôçôá óôïé÷åßá êáé êáëýðôåé üëåò ôéò äõíáôÝò

ôÜîåéò ðïõ åíäÝ÷ïíôáé íá ðñïêýøïõí áðü ôçí ôáîéíüìçóç.

ÌåñéêÜ áðïäåéêôéêÜ óôïé÷åßá (ð.÷. óôïé÷åßá åêðáßäåõóçò

ôïõ áëãïñßèìïõ ôáîéíüìçóçò) ìðïñïýí íá ùèÞóïõí ôïí

áíáëõôÞ íá äåßîåé êÜðïéï âáèìü åìðéóôïóýíçò ãéá ôçí õðü-

èåóç ôïõ óõíüëïõ {A, B}= {äÜóïò, êáëëéÝñãåéá} ôïõ Ù. Ç

íÝá áõôÞ õðüèåóç áíôéóôïé÷åß óôçí õðüèåóç {A Þ B}=

{äÜóïò Þ êáëëéÝñãåéá}. Åðßóçò, Ýíá íÝï áðïäåéêôéêü óôïé-

÷åßï ìðïñåß íá âïçèÞóåé ôïí áíáëõôÞ íá áðïêëåßóåé ôçí

ôÜîç Á={äÜóïò} óå êÜðïéï âáèìü. 

ÁðïäåéêôéêÜ óôïé÷åßá, ðïõ äåí åðéâåâáéþíïõí ôçí ôÜîç

Á, éóïäõíáìïýí ìå åðéâåâáßùóç ôçò õðüèåóçò {ü÷é Á} ðïõ

áíôéóôïé÷åß óôçí áðïäï÷Þ ôçò õðüèåóçò {B Þ C Þ D}. Áðï-

äåéêôéêÜ óôïé÷åßá, ðïõ äåí åðéâåâáéþíïõí ôçí ôÜîç Á,

êÜíïõí ôïí áíáëõôÞ íá õéïèåôÞóåé Ýíá áíÜëïãï ðïóïóôü

åìðéóôïóýíçò óôï óýíïëï ôùí ôñéþí ôÜîåùí {B Þ C Þ D}

ðïõ áðïìÝíïõí. 

¼ëá ôá äõíáôÜ õðïóýíïëá ôùí õðïèÝóåùí, ðïõ ìðïñåß

íá ðñïêýøïõí áðü ôï ðëáßóéï äéáêñßóåùí Ù, óõìâïëßæïíôáé

ìå 2Ù. Óå êÜèå õðüèåóç ðïõ ðñïêýðôåé ìðïñåß êáíåßò íá

äþóåé êÜðïéï ðïóïóôü åìðéóôïóýíçò (áîéïðéóôßáò). ×ñçóé-

ìïðïéïýìå åäþ ôïí üñï �õðüèåóç� ìå áõôÞ ôç äéåõñõìÝíç

Ýííïéá ãéá íá äçëþóïõìå ïðïéïäÞðïôå õðïóýíïëï ôùí áñ÷é-

êþí õðïèÝóåùí (ôÜîåùí) óôï Ù. 

Óå Ýíá óýíïëï n óôïé÷åßùí ôïõ ðëáéóßïõ Ù õðÜñ÷ïõí 2n

õðïóýíïëá Ùi. Ôï êåíü óýíïëï, ∅, åßíáé êáé áõôü Ýíá áðü

ôá õðïóýíïëá, áëëÜ áíôéóôïé÷åß óôçí õðüèåóç üôé åßíáé øåõ-

äÞò êáé äåí öáßíåôáé, ãéá ðáñÜäåéãìá, óôï ó÷Þìá 2.

Ç èåùñßá ôùí áðïäåßîåùí ÷ñçóéìïðïéåß Ýíáí áñéèìü óôï

äéÜóôçìá [0, 1] ãéá íá äåßîåé ôïí âáèìü åìðéóôïóýíçò (áîéï-

ðéóôßá) ìéáò óôáôéóôéêÞò õðüèåóçò, äåäïìÝíùí êÜðïéùí

áðïäåéêôéêþí óôïé÷åßùí. Ï áñéèìüò áõôüò åßíáé ï âáèìüò ìå

ôïí ïðïßï ôá áðïäåéêôéêÜ óôïé÷åßá åðéâåâáéþíïõí Þ áðïññß-

ðôïõí ìéá õðüèåóç. Óçìåéþíåôáé üôé áðïäåéêôéêÜ óôïé÷åßá ðïõ

äåí åðéâåâáéþíïõí ìéá õðüèåóç, èåùñïýíôáé ùò áðïäåéêôéêÜ

óôïé÷åßá (áðïäåßîåéò) ãéá ôçí áíôéöáôéêÞ õðüèåóç (ü÷é Á). 
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Ó÷Þìá 1: Ôáîéíüìçóç ùò ìßá äéáäéêáóßá áðåéêüíéóçò.

Figure 1: Classification as a mapping procedure.

Ó÷Þìá 2: Ôáîéíüìçóç ìå ôç èåùñßá ôùí áðïäåßîåùí.

Figure 2: Possible classification from a four-element frame of dis-

cernment.

O óõíôåëåóôÞò âÜñïõò (âáèìüò) ôùí áðïäåéêôéêþí óôïé-

÷åßùí óå åðéâåâáßùóç ìéáò óõãêåêñéìÝíçò õðüèåóçò Ùi

áíôéðñïóùðåýåôáé áðü ìßá óõíÜñôçóç ðïõ ïíïìÜæåôáé âáóé-

êÞ ðéèáíüôçôá êáôá÷þñéóçò (basic probability assignment,

bpa). Ç âáóéêÞ ðéèáíüôçôá åßíáé ìéá ãåíßêåõóç ôçò ðáñáäï-

óéáêÞò óõíÜñôçóçò ðõêíüôçôáò ðéèáíüôçôáò êáôÜ Bayes.

Óõìâïëßæåôáé ìå m êáé ïñßæåôáé óôï äéÜóôçìá [0, 1]. ÁíáöÝ-

ñåôáé óå êÜèå õðïóýíïëï Ùi áðü ôïí ãåíéêåõìÝíï ÷þñï üëùí

ôùí õðïóõíüëùí 2Ù. Ç âáóéêÞ ðéèáíüôçôá êáôá÷þñéóçò

m(Ùi) áíôéóôïé÷åß óå êÜèå óôïé÷åßï Ùi (singleton) ôïõ ðëáé-

óßïõ Ù Ýôóé, þóôå üëåò ïé ôéìÝò ôïõ m íá áèñïßæïíôáé óôç

ìïíÜäá: 

(2.1)

ÅðïìÝíùò, ôï m åßíáé Ýíáò âáèìüò åìðéóôïóýíçò (áîéï-

ðéóôßáò) ðïõ áíáëïãåß óå êÜèå óýíïëï Ùi ôïõ ó÷Þìáôïò 2

êáé ü÷é ìüíï óå åêåßíá ôá óýíïëá (óôïé÷åßá) ôçò ôåëåõôáßáò

ãñáììÞò, üðùò åßíáé ç ðåñßðôùóç ôçò óõíÜñôçóçò ðõêíüôç-

ôáò ðéèáíüôçôáò. Åî ïñéóìïý ôï m=0 ðñÝðåé íá áíôéóôïé÷åß

óôï êåíü óýíïëï, ∅, åðåéäÞ ôï óýíïëï áõôü áíôéóôïé÷åß óå

øåõäÞ õðüèåóç. 

Ç ðïóüôçôá m(A), üðïõ ôï Á åßíáé Ýíá óôïé÷åßï ôïõ 2Ù,

åßíáé Ýíá ìÝôñï ôçò áîéïðéóôßáò ðïõ áíôéóôïé÷åß óôï Á êáé

ìüíïí óôï Á. Ôï m(A) äåí ìðïñåß íá õðïäéáéñåèåß ðåñáéôÝñù

ìåôáîý õðïóõíüëùí ôïõ Á. ÅðïìÝíùò, äåí ðåñéëáìâÜíåé

ôìÞìáôá ôçò áîéïðéóôßáò ðïõ ðñïóäßäïíôáé óôá õðïóýíïëá

ôïõ Á. Èá Þôáí åðïìÝíùò ÷ñÞóéìï íá ïñéóôåß ìßá ðïóüôçôá

ðïõ íá õðïëïãßæåé ôïí ïëéêü âáèìü áîéïðéóôßáò ôïõ óõíüëïõ

Á. Ç ðïóüôçôá áõôÞ èá ðåñéëáìâÜíåé ü÷é ìüíïí ôçí áîéïðé-

óôßá áðïêëåéóôéêÜ ôïõ Á áëëÜ êáé üëùí ôùí õðïóõíüëùí

ôïõ. Ç óõíÜñôçóç áõôÞ ïíïìÜæåôáé óõíÜñôçóç áîéïðéóôßáò

(belief function).
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Áí m(A) åßíáé ï âáèìüò áîéïðéóôßáò ðïõ áíôéóôïé÷åß óôï

õðïóýíïëï Á êáé äåí äéáôßèåôáé êÜðïéá áîéïðéóôßá ãéá ôá

Üëëá õðüëïéðá õðïóýíïëá ôïõ Ù, ôüôå m(Ù)= 1 - m(A). Ç

ðïóüôçôá m(Ù) åßíáé Ýíá ìÝôñï ôçò ïëéêÞò áîéïðéóôßáò ðïõ

åíáðïìÝíåé ìåôÜ ôçí êáôáíïìÞ ôçò óôá äéÜöïñá õðïóýíïëá

ôïõ Ù. ÄçëáäÞ ç õðïëåéðüìåíç áîéïðéóôßá, 1 - m(A), äåí

áíáôßèåôáé óôï óõìðëçñùìáôéêü óýíïëï ôïõ Á, ôï Ác, üðùò

áðáéôåßôáé óôïí óõìâáôéêü ïñéóìü ôçò ðéèáíüôçôáò êáôÜ

Bayes, áëëÜ óå üëï ôï Ù. 

Óçìåéþíåôáé üôé ïé óõíáñôÞóåéò m êáôÝ÷ïõí ìç ìçäåíéêü

âáèìü áîéïðéóôßáò (äçëáäÞ, m≠0), ìüíïí üôáí õðÜñ÷ïõí

áðïäåéêôéêÜ óôïé÷åßá, åíþ áðïêôïýí ìçäåíéêü âáèìü áîéïðé-

óôßáò, m(A)=0, üôáí äåí õðÜñ÷ïõí áðïäåéêôéêÜ óôïé÷åßá

(evidence).

ÐáñÜäåéãìá 1

¸óôù üôé õðÜñ÷ïõí áðïäåéêôéêÜ óôïé÷åßá ðïõ íá åðéâå-

âáéþíïõí ìå âáèìü áîéïðéóôßáò 68% ôï ãåãïíüò üôé êÜðïéá

áðü ôéò åðéöáíåéáêÝò êáëýøåéò åßíáé åßôå Á={äÜóïò} åßôå

Â={êáëëéÝñãåéá}, áëëÜ äåí åðéâåâáéþíåôáé ç åðéëïãÞ ìåôá-

îý Á êáé Â. Ï õðïëåéðüìåíïò âáèìüò áîéïðéóôßáò, 1 - 68%=

32%, áíáôßèåôáé óôï Ù. ¢ñá m({äÜóïò}∨ {êáëëéÝñãåéá})=

0,68 êáé m({äÜóïò, êáëëéÝñãåéá, íåñÜ, áóôéêÜ}) = m(Ù) =

0,32 êáé ç ôéìÞ ôïõ m ãéá êÜèå Üëëï õðïóýíïëï ôïõ Ù åßíáé 0.

ÐáñÜäåéãìá 2

¸óôù üôé áðïäåéêôéêÜ óôïé÷åßá äéáøåýäïõí êáôÜ 73% ôï

ãåãïíüò üôé ç øçößäá èá ðñÝðåé íá êáôá÷ùñéóèåß óôçí ôÜîç

Á={äÜóïò}. Ôïýôï éóïäõíáìåß ìå åðéâåâáßùóç ôçò êáôá÷þ-

ñéóçò ôçò øçößäáò óå ïðïéáäÞðïôå ôÜîç ðëçí ôçò Á ìå

âáèìü áîéïðéóôßáò 73%. ¢ñá m({íåñÜ, êáëëéÝñãåéá, áóôé-

êÜ})= 73% êáé = m(Ù) = 27% , åíþ ç ôéìÞ ôçò óõíÜñôçóçò

m ãéá êÜèå Üëëï õðïóýíïëï ôïõ Ù åßíáé 0.

ÐáñÜäåéãìá 3

ÕðïèÝóôå üôé äåí õðÜñ÷ïõí áðïäåéêôéêÜ óôïé÷åßá ðïõ íá

ðñïóäþóïõí êÜðïéá áîéïðéóôßá êáôÜ ôçí êáôá÷þñéóç ìéáò

øçößäáò óôéò ôÜîåéò {äÜóïò, êáëëéÝñãåéá, íåñÜ, áóôéêÜ}. Ç

âáóéêÞ ðéèáíüôçôá êáôá÷þñéóçò áíôéóôïé÷åß m(Ù)=1 êáé 0

óå ïðïéïäÞðïôå õðïóýíïëï ôïõ Ù. H óõíÜñôçóç áîéïðé-

óôßáò, ðïõ ðñïêýðôåé óå áõôÞ ôçí ðåñßðôùóç, ïíïìÜæåôáé

êåíÞ óõíÜñôçóç áîéïðéóôßáò (vacuous belief function).

ÊáôÜ ôç èåùñßá ðéèáíïôÞôùí ôïõ Bayes èá ãéíüôáí ðñï-

óðÜèåéá íá áíôéðñïóùðåõèåß áõôÞ ç �Üãíïéá� ìå ôï 25% óå

êÜèå ìïíïóýíïëï ôïõ Ù (ð.÷. Ñ({äÜóïò})=25%), ÷ùñßò íá

õðÜñ÷åé ïéáäÞðïôå ðëçñïöïñßá (áðïäåéêôéêÜ óôïé÷åßá) ãéá

ôï ãåãïíüò áõôü. ¢ñá ç áíÜèåóç ôïõ 25% óå êÜèå ìïíïóý-

íïëï ôïõ Ù èá óÞìáéíå åðéðëÝïí ðëçñïöïñßá ðïõ èá Ýðñåðå

íá åß÷áí ðáñÜó÷åé ôá áðïäåéêôéêÜ óôïé÷åßá. Ôï ïðïßï üìùò

äåí åßíáé áëçèÝò.

Ç óõíÜñôçóç áîéïðéóôßáò (belief function) åíüò óõíüëïõ

Á åßíáé ôï Üèñïéóìá üëùí ôùí âáèìþí áîéïðéóôßáò ðïõ

ðñïóäßäïíôáé óå êÜèå õðïóýíïëï Ái ôïõ Á (äçëáäÞ Ái ⊂ Á).

Óõìâïëßæåôáé ìå Bel(Á). Ãéá ôï óýíïëï {Á, Â, C}, ãéá ðáñÜ-

äåéãìá, ç óõíÜñôçóç áîéïðéóôßáò åßíáé:

(2.2)

¢ñá Bel(Á) åßíáé Ýíá ìÝôñï ôïõ ïëéêïý âáèìïý áîéïðé-

óôßáò ôïõ Á êáé ü÷é ôïõ âáèìïý áîéïðéóôßáò, m(A), ðïõ ðñïó-

äßäïõìå áðïêëåéóôéêÜ óôï õðïóýíïëï Á. Ç óõíÜñôçóç áîéï-

ðéóôßáò ãéá ôï ïëéêü óýíïëï Ù, äçëáäÞ ç Bel(Ù), éóïýôáé,

öõóéêÜ, ìå ôç ìïíÜäá, åðåéäÞ Bel(Ù) åßíáé ôï Üèñïéóìá ôùí

ôéìþí ôïõ m(Ùi) ãéá êÜèå õðïóýíïëï Ùi ôïõ Ù. Ôï Üèñïéóìá

áõôü èá ðñÝðåé íá éóïýôáé ìå 1 (åîßóùóç 1) áðü ôïí ïñéóìü

ôçò âáóéêÞò ðéèáíüôçôáò êáôá÷þñéóçò. 

ÅðïìÝíùò, ï âáèìüò áîéïðéóôßáò (support, belief

measure), ðïõ äåß÷íïõìå óôçí êáôá÷þñéóç ôçò øçößäáò x

óôçí ôÜîç Á Þ êáé óå ïðïéïäÞðïôå õðïóýíïëo Ái áõôÞò,

åßíáé: 

(2.3)

Áí ôï óýíïëï Á åßíáé ôï êåíü óýíïëï, ôüôå Bel(∅)= 0,

åíþ ãéá üëï ôï óýíïëï Ù Ý÷ïõìå Bel(Ù)= 1. Ïñßæïõìå åäþ

ôïí âáèìü áîéïðéóôßáò áíôß ôçò ðéèáíüôçôáò, åðåéäÞ ïé âáè-

ìïß áîéïðéóôßáò äåí áêïëïõèïýí ôéò éäéüôçôåò ôçò êëáóéêÞò

èåùñßáò ôùí ðéèáíïôÞôùí. 

Ôï ðëåïíÝêôçìá ôçò ÷ñÞóçò ôçò èåùñßáò ôùí áðïäåßîåùí

óå ó÷Ýóç ìå ôç èåùñßá ôùí ðéèáíïôÞôùí åßíáé ç éêáíüôçôá

íá åêöñÜæåé êáíåßò ôïí âáèìü ôçò Üãíïéáò êáôÜ ôçí ôáîéíü-

ìçóç. ÄçëáäÞ ï âáèìüò åìðéóôïóýíçò, ðïõ äåß÷íïõìå ãéá

ôçí êáôá÷þñéóç ôçò øçößäáò x óôçí ôÜîç Á, äåí éóïýôáé ìå

ôçí õðïëåéðüìåíç ôçò ìïíÜäáò åìðéóôïóýíç ðïõ èá ðñïóäß-

äáìå óôï óõìðëçñùìáôéêü óýíïëï ôïõ Á (ü÷é ôÜîç Á). Ùò åê

ôïýôïõ éó÷ýåé ç ó÷Ýóç:

(2.4)

Ç ðïóüôçôá Bel(¬A) åêöñÜæåé ôï üñéï ìÝ÷ñé ôï ïðïßï ôá

áðïäåéêôéêÜ óôïé÷åßá óôçñßæïõí ôçí áíôßöáóç ôïõ Á (äçëá-

äÞ ôï¬A). ÅðïìÝíùò, ôï 1�Bel(¬A) åßíáé ôï üñéï ìÝ÷ñé ôï

ïðïßï ôá áðïäåéêôéêÜ óôïé÷åßá äåí åðéôñÝðïõí ðëÝïí íá

áìöéâÜëëåé êáíåßò ôçí êáôá÷þñéóç ôçò øçößäáò x óôç ôÜîç

Á. Ç ðïóüôçôá áõôÞ, 1� Bel(¬A), åßíáé ï âáèìüò åõëïãïöÜ-

íåéáò (plausibility) ôçò ðñïôßìçóçò óôçí êáôá÷þñéóç ôçò

øçößäáò x ãéá ôçí ôÜîç Á êáé éóïýôáé ìå:
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ÄçëáäÞ ôï åýëïãï ðñïêýðôåé, åðåéäÞ ç êáôá÷þñéóç óôçí

ôÜîç Á äåí ìðïñåß íá äéáøåõóèåß êáé åðïìÝíùò åßíáé ðéèáíÞ

êáé åýëïãç. Áîéïðéóôßá ôçò êáôá÷þñéóçò èåùñåßôáé ï åëÜ÷é-

óôïò âáèìüò åìðéóôïóýíçò (êÜôù üñéï ôçò ðéèáíüôçôáò) ðïõ

ðñïêýðôåé áðü ôá áðïäåéêôéêÜ óôïé÷åßá ùò ðñïò ôçí ðñïôß-

ìçóç ôçò óõãêåêñéìÝíçò êáôá÷þñéóçò ôçò øçößäáò x óôçí

ôÜîç Á. Åíþ åõëïãïöÜíåéá åßíáé ï ìÝãéóôïò âáèìüò åìðéóôï-

óýíçò ôùí áðïäåßîåùí (Üíù üñéï ôçò ðéèáíüôçôáò ) ùò ðñïò

ôçí ðñïôßìçóç ôçò ôáîéíüìçóçò ôçò øçößäáò x óôçí ôÜîç Á. 

Ç ðéèáíüôçôá êáôÜ ôçí ïðïßá ç øçößäá x äåí êáôá÷ùñß-

æåôáé ïýôå óôçí ôÜîç Á áëëÜ ïýôå êáé óôï óõìðëÞñùìÜ ôçò

AC (äçëáäÞ, ü÷é A, Þ ¬ A) èåùñåßôáé üôé åßíáé ï âáèìüò ôçò

Üãíïéáò. 

Ôï äéÜóôçìá ìåôáîý ôïõ ìÝôñïõ ôçò åõëïãïöÜíåéáò êáé

áîéïðéóôßáò [Bel(Á), Pl(Á)] ïíïìÜæåôáé äéÜóôçìá áîéïðéóôßáò

(evidential interval, belief interval) ôçò êáôá÷þñéóçò øçöß-

äáò x óôçí ôÜîç Á.

ÐáñÜäåéãìá 4

ÈåùñÞóôå üôé ìéá åéêüíá áðïôåëåßôáé áðü ìßá öáóìáôéêÞ

æþíç êáôáãñáöÞò. ÊáôÜ ôçí ôáîéíüìçóÞ ôçò ïé øçößäåò ðñÝ-

ðåé íá êáôá÷ùñéóèïýí óå ôñåéò êáé ìüíïí ôñåéò ôÜîåéò: Á=

{äáóéêÝò åêôÜóåéò}, Â={áãñïôéêÝò} êáé D={áóôéêÝò}. Èåù-

ñÞóôå, åðßóçò, üôé åßíáé êáôÜ êÜðïéï ôñüðï ãíùóôü üôé ïé

âáóéêÝò ðéèáíüôçôåò êáôá÷þñéóçò ôùí ôÜîåùí åßíáé: m(A)=

33%, m(B)= 27% êáé m(D)=14%. ÕðïèÝóôå, üìùò, üôé åßìá-

óôå áâÝâáéïé ãéá ôç äéáäéêáóßá êáôá÷þñéóçò ôùí øçößäùí

óôéò ôñåéò ðáñáðÜíù ôÜîåéò Þ áêüìç êáé ãéá ôçí ðïéüôçôá

ôùí äåäïìÝíùí Ýôóé, þóôå íá æçôïýìå íá ðñïóäþóïõìå Ýíá

åðßðåäï áîéïðéóôßáò m(Á∨Â∨D)=87% êáôÜ ôçí ôáîéíüìçóç

ìéáò øçößäáò óå ïðïéáäÞðïôå ôÜîç. ¢ñá ç áâåâáéüôçôá

êáôá÷þñéóçò ôùí øçößäùí óå ôÜîåéò åßíáé 1 - 87%=13%,

ðáñ� üëï ðïõ åßìáóôå óßãïõñïé ãéá ôéò ðñïçãïýìåíåò âáóéêÝò

ðéèáíüôçôåò êáôá÷þñéóçò ôùí ôÜîåùí m(A)= 33%, m(B)=

27% êáé m(D)=14%. 

×ñçóéìïðïéþíôáò ôïõò óõìâïëéóìïýò ôçò èåùñßáò ôùí

áðïäåßîåùí (Shafer, 1976), ïé óõíáñôÞóåéò áîéïðéóôßáò,

åõëïãïöÜíåéáò êáé ôá äéáóôÞìáôá áîéïðéóôßáò ãéá êáôá÷ùñß-

óåéò øçößäáò x óôçí ôÜîç Á, Â êáé D åßíáé:

(2.6)

ÐáñÜäåéãìá 5

ÈåùñÞóôå Ýíá Üëëï ðáñÜäåéãìá, ôï ïðïßï áíáöÝñåôáé óå

ôáîéíüìçóç øçößäáò óå ôÝóóåñéò ôÜîåéò: (1) Á(äáóéêÞ), (2)

Â(áãñïôéêÞ), (3) D (áóôéêÞ) êáé (4) åßôå óôçí Á(äáóéêÞ) åßôå

óôçí Â(áãñïôéêÞ). ÄçëáäÞ óôçí ôÝôáñôç ôÜîç Ý÷ïõìå ôçí

ðåðïßèçóç üôé ç øçößäá áíÞêåé óå ìßá áðü ôéò äýï ôÜîåéò,

åßôå óôçí Á(áãñïôéêÞ) åßôå óôçí Â (äáóéêÞ), áëëÜ äåí ãíùñß-

æïõìå óå ðïéá áðü ôéò äýï. ÕðïèÝóôå üôé ç áîéïðéóôßá êáôÜ

ôçí êáôá÷þñéóç óôéò ôÜîåéò Á={äáóéêÞ}, Â={áãñïôéêÞ}, 

(Á ∨ Â)={äáóéêÞ∨áãñïôéêÞ} êáé D={áóôéêÞ} äßäåôáé:

(2.7)

Óýìöùíá ìå ôá ðáñáðÜíù, åíþ åßìáóôå ðñïåôïéìáóìÝíïé

íá áíôéóôïé÷ßóïõìå ðïóïóôü áîéïðéóôßáò m(Á)=33% óôï

ãåãïíüò üôé ç øçößäá áíÞêåé óôçí ôÜîç Á={äáóéêÞ} êáé Ýíá

ðïóïóôü m(B)=27% óôï ãåãïíüò üôé áíÞêåé óôçí ôÜîç

Â={áãñïôéêÞ}, åßìáóôå ôáõôü÷ñïíá ðñïåôïéìáóìÝíïé íá

áíôéóôïé÷ßóïõìå Ýíá åðéðëÝïí ðïóïóôü m(A∨B)=5% óôï

ãåãïíüò üôé ìðïñåß ç øçößäá íá áíÞêåé óå ìßá áðü ôéò äýï

áõôÝò ôÜîåéò (A∨B) - ÷ùñßò íá ãíùñßæïõìå ðïéá - êáé ü÷é óôéò

õðüëïéðåò.

Ç áîéïðéóôßá ôçò êáôá÷þñéóçò óôçí ôÜîç Á={äáóéêÞ}

åßíáé 33%. Åíþ ç åõëïãïöÜíåéá, óýìöùíá ìå ôçí ïðïßá ç

ôÜîç Á={äáóéêÞ} åßíáé ç ïñèþò åðéëåãìÝíç ôÜîç ãéá ôçí

øçößäá, éóïýôáé ìå ôç ìïíÜäá ìåßïí ôç óõíÜñôçóç áîéïðé-

óôßáò ãéá ôéò áíôéöáôéêÝò êáôá÷ùñßóåéò (ðïõ åßíáé ç áãñïôé-

êÞ, ç áóôéêÞ êáé ç ìåéêôÞ ôÜîç). ¢ñá, êáôÜ ôçí êáôá÷þñéóç

øçößäáò óôçí ôÜîç Á(áãñïôéêÞ) éó÷ýåé:

(2.8)

Ç óõíÜñôçóç áîéïðéóôßáò ôçò êáôá÷þñéóçò øçößäáò óôç

ìåéêôÞ ôÜîç (A∨B) åßíáé: 

(2.9)

ÄçëáäÞ ç óõíÜñôçóç áîéïðéóôßáò åßíáé ôï Üèñïéóìá ôùí

ðïóïóôþí ôùí áðïäåßîåùí ðïõ áíôéóôïé÷ïýí óôçí ôÜîç áõôÞ

êáé óôá õðïóýíïëÜ ôçò.

3. ÓÕÍÄÕÁÓÌÏÓ ÁÐÏÄÅÉÎÅÙÍ

Ç èåùñßá ôùí áðïäåßîåùí ìÜò åðéôñÝðåé íá óõíäõÜóïõìå

ôá áñ÷éêÜ ðïóïóôÜ áîéïðéóôßáò ðïõ ðñïÝñ÷ïíôáé áðü äéáöï-

ñåôéêÝò ðçãÝò áðïäåßîåùí (ð.÷. äåäïìÝíùí) êáé íá ðñïóäéï-

ñßóïõìå ôçí ôÜîç åêåßíç ðïõ åßíáé áðü êïéíïý áðïäåêôÞ ãéá

ôçí êáôá÷þñéóç øçößäáò. Ç äéáäéêáóßá áõôÞ ðñáãìáôïðïé-

åßôáé ìå ôïí êáíüíá ôïõ ïñèïãþíéïõ áèñïßóìáôïò (orthogo-

nal sum) ôïõ Dempster (Yager et al., 1994). Ï êáíüíáò áõôüò

áíôéóôïé÷åß óôç óõíÝíùóç ôùí áðïäåéêôéêþí óôïé÷åßùí ðïõ

ðñïÝñ÷ïíôáé áðü äéáöïñåôéêÝò ðçãÝò. Ãéá íá éó÷ýåé ï êáíüíáò,

ôá óôïé÷åßá ðñÝðåé íá åßíáé ìåôáîý ôïõò óôáôéóôéêÜ áóõó÷Ý-

ôéóôá.
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¸óôù Bel1 êáé Bel2, êáé m1 êáé m2 äýï óõíáñôÞóåéò

áîéïðéóôßáò êáé ïé áíôßóôïé÷åò âáóéêÝò ðéèáíüôçôåò êáôá÷þ-

ñéóçò óå Ýíá ðëáßóéï äéáêñßóåùí Ù. Ï êáíüíáò ôïõ Demp-

ster õðïëïãßæåé ìßá íÝá âáóéêÞ ðéèáíüôçôá êáôá÷þñéóçò, ç

ïðïßá óõìâïëßæåôáé ìå m1⊕m2, êáé áíôéðñïóùðåýåé ôïí óõí-

äõáóìü ôùí åðéäñÜóåùí ôïõ m1 êáé m2. Ç áíôßóôïé÷ç óõíÜñ-

ôçóç áîéïðéóôßáò Bel1⊕Bel2 õðïëïãßæåôáé áðëÜ áðü ôá

m1⊕m2 êáé óýìöùíá ìå ôïí ïñéóìü ôçò óõíÜñôçóçò áîéïðé-

óôßáò.

Ï êáíüíáò åßíáé ðéï êáôáíïçôüò, üôáí ðáñáóôáèåß ãñá-

öéêþò. Áí èåùñÞóïõìå üôé ôá óýíïëá A1, �, Ai, �, Ak, ðïõ

ìåôñïýíôáé áðü ôç âáóéêÞ ðéèáíüôçôá êáôá÷þñéóçò m1(A1),

�, m1(Ak) âáóéóìÝíç óôçí ðñþôç ðçãÞ áðïäåéêôéêþí óôïé-

÷åßùí, ôüôå ïé áñéèìïß áõôïß áíôéóôïé÷ïýí óå ôìÞìá ìéáò

ãñáììÞò, ôï ìÞêïò ôçò ïðïßáò åêôåßíåôáé áðü 0 ìÝ÷ñé 1 (âëÝ-

ðå ó÷Þìá 3). 

Ãéá ôç äåýôåñç ðçãÞ áðïäåéêôéêþí óôïé÷åßùí ïé áñéèìïß

ôçò âáóéêÞò ðéèáíüôçôáò êáôá÷þñéóçò m2(B1), �,

m2(Bj),�, m2(Bl) ìðïñïýí, åðßóçò, íá áíôéóôïé÷ïýí óå ôìÞ-

ìáôá ìéáò Üëëçò ãñáììÞò ðïõ óõíäõáæüìåíç ìå ôçí ðñïç-

ãïýìåíç ó÷çìáôßæåé Ýíá ôåôñÜãùíï. ÈåùñÞóôå üôé ôï ôåôñÜ-

ãùíï áõôü áíôéðñïóùðåýåé ôçí ïëéêÞ ìÜæá ôçò ðéèáíüôçôáò

áðü ôéò äýï ðçãÝò áðïäåéêôéêþí óôïé÷åßùí. Ç ôïìÞ ôùí äýï

ëùñßäùí Ý÷åé ìÝôñï m1(Ai)m2(Bj) êáé åßíáé ç ðéèáíüôçôá ðïõ

êáôá÷ùñåßôáé óôçí ôïìÞ ôïõ Ai ∩ Bj.
Áí áèñïßóïõìå üëá ôá ãéíüìåíá m1(Ai)m2(Bj), üðïõ Ai

êáé Bj åßíáé üëá ôá õðïóýíïëá ôïõ ðëáéóßïõ Ù, ôï áðïôÝëå-

óìá ðñÝðåé íá åßíáé 1, óýìöùíá ìå ôïí ïñéóìü ôçò âáóéêÞò

ðéèáíüôçôáò êáôá÷þñéóçò: 

(3.1)

Ç âáóéêÞ ðéèáíüôçôá êáôá÷þñéóçò, ðïõ áíôéóôïé÷åß óôïí

óõíäõáóìü m1 êáé m2, êáôáíÝìåé ôïí áñéèìü 1, ôçí ïëéêÞ
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Ó÷Þìá 3: Õðïëïãéóìïß ôïõ âáèìïý áîéïðéóôßáò ôùí ôáîéíïìÞóåùí

ìå ôïí êáíüíá ôïõ Dempster.

Figure 3: Geometric representation of Dempster�s rule of combi-

nation.
Ó÷Þìá 4: Õðïëïãéóìïß ôïõ âáèìïý áîéïðéóôßáò ìå ôïí êáíüíá ôïõ

Dempster.

Figure 4: Computations of belief based on Dempster�s rule.

ðïóüôçôá áîéïðéóôßáò, ìåôáîý ôùí õðïóõíüëùí ôïõ Ù, áíá-

èÝôïíôáò m1(Ai)m2(Bj) óôçí ôïìÞ ôïõ Ai êáé Bj. ¢ñá, ãéá

êÜèå õðïóýíïëï C ôïõ Ù, ï êáíüíáò Dempster ïñßæåé ôï

m1⊕m2(C) ùò ôï Üèñïéóìá ôùí ãéíïìÝíùí ôïõ ôýðïõ

m1(Ai)m2(Bj) ãéá üëá ôá õðïóýíïëá, ôùí ïðïßùí ç ôïìÞ

åßíáé C= Ai ∩ Bj.

ÐáñÜäåéãìá 6

¸óôù üôé áðïäåéêôéêÜ óôïé÷åßá óôçñßæïõí êáôÜ 60%

(=m1) ôçí åðéëïãÞ ôçò ôÜîçò G={äÜóïò, êáëëéÝñãåéá}, åíþ

êÜðïéá Üëëá óôïé÷åßá åðéâåâáéþíïõí êáôÜ 70% (=m2) ôçí

åðéëïãÞ H={êáëëéÝñãåéá, íåñÜ, áóôéêÜ}. O ôåëéêüò âáèìüò

áîéïðéóôßáò, ðïõ êáôáëïãßæåôáé áðü ôéò ìåôñÞóåéò áõôÝò, ïñß-

æåôáé óôï m1⊕m2(C). Ãéá õðïëïãéóôéêïýò ëüãïõò èá ðñÝðåé

íá êáôáóêåõáóôåß Ýíáò ðßíáêáò ôçò ôïìÞò ôùí óõíüëùí ìå

ôéò áíôßóôïé÷åò ôéìÝò m1 êáé m2 óôéò ãñáììÝò êáé óôéò óôÞëåò.

Ìüíï ïé ìç ìçäåíéêÝò ôéìÝò ôïõ m1 êáé m2 åîåôÜæïíôáé áöïý

áí m1(G) êáé/Þ m2(H) åßíáé 0, ôüôå ôï ãéíüìåíï m1(G)m2(H)

äßíåé 0 óôï m1⊕m2(C), üðïõ C åßíáé ç ôïìÞ ôùí óõíüëùí G

êáé H. Ç ôéìÞ ôïõ m1⊕m2(C)= m1⊕m2({äÜóïò, êáëëéÝñ-

ãåéá}) õðïëïãßæåôáé áèñïßæïíôáò üëá ôá ãéíüìåíá (ó÷Þìá 4).

Óôï ó÷Þìá 4 Ýíá õðïóýíïëï åìöáíßæåôáé ìßá ìüíï öïñÜ

êáé åðïìÝíùò ôï m1⊕m2 õðïëïãßæåôáé åýêïëá:

Óçìåéþóôå üôé ç âáóéêÞ ðéèáíüôçôá êáôá÷þñéóçò ôïõ

óõíäõáóìïý m1⊕m2 éêáíïðïéåß ôïí ïñéóìü ôïõ, äçëáäÞ:
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ÅðåéäÞ ôï ïñèïãþíéï Üèñïéóìá Bel1⊕Bel2 åßíáé áñêåôÜ

ðïëýðëïêï, äßäåôáé ìüíï Ýíá ðáñÜäåéãìá: 

ÊáôÜ óõíÝðåéá, áí õðÜñ÷ïõí äýï âáóéêÝò ðéèáíüôçôåò

êáôá÷þñéóçò, ðïõ äçìéïõñãïýíôáé áðü äýï áíåîÜñôçôåò åíü-

ôçôåò øçößäùí Þ Üëëùí äåäïìÝíùí, ôüôå ç óõíäõáóìÝíç (ç

áðü êïéíïý) âáóéêÞ ðéèáíüôçôá êáôá÷þñéóçò m1⊕m2 ãéá ôçí

ôÜîç C õðïëïãßæåôáé áðü ôïí êáíüíá ôïõ Dempster (Yager et

al., 1994):

(3.2)

üðïõ ï ôåëåóôÞò ⊕ ïíïìÜæåôáé ïñèïãþíéï Üèñïéóìá. Ðáñá-

ôçñÞóôå üôé óôçí ðáñáðÜíù ó÷Ýóç Ý÷ïõìå äéáéñÝóåé ìå Ýíáí

ðáñïíïìáóôÞ (1�ê) ðïõ áíôéóôïé÷åß óôï íá åîáíáãêáóôåß ôï

Üèñïéóìá m1⊕m2(∅) íá ðÜñåé ôçí ôéìÞ 0 (ëåðôïìÝñåéåò óôïí

Yager et al., 1994). ×ñçóéìïðïéþíôáò ôï ïñèïãþíéï Üèñïé-

óìá ìðïñïýìå íá ðñïóäéïñßóïõìå ôçí áîéïðéóôßá êáé ôçí

åõëïãïöÜíåéá ìå ôç èåùñßá ôùí áðïäåßîåùí. Ãéá íá åöáñìï-

óôåß ç èåùñßá ôùí áðïäåßîåùí óôçí ôáîéíüìçóç ôçò åéêüíáò,

èá ðñÝðåé íá áêïëïõèçèïýí ôá åîÞò âÞìáôá:

1. Êáèïñßæåôáé ç óõíÜñôçóç ðõêíüôçôáò f(x) ãéá êÜèå

ðçãÞ ×. ÊÜèå öáóìáôéêÞ æþíç (êáíÜëé) ôçò åéêüíáò èåùñåß-

ôáé üôé áðïôåëåß ôçí áíåîÜñôçôç êáé îå÷ùñéóôÞ ðçãÞ áðïäåß-

îåùí. Óå áõôÞ ôçí ðåñßðôùóç, ôï öáóìáôéêü êáíÜëé q ôùí 8-

bit ôçò åéêüíáò Ý÷åé éóôüãñáììá ðïõ äßíåôáé áðü ôç óõíÜñôç-

óç ðõêíüôçôáò:

2. Ðñïóäéïñßæåôáé ç óõíÜñôçóç ôïõ ðïóïóôïý ôùí áðï-

äåßîåùí (áîéïðéóôßá) ãéá ôçí êáôá÷þñéóç åéêïíïóôïé÷åßïõ

óôçí ôÜîç Ùj ∈ {Á, Â, C, �} óôï êáíÜëé q: mq(Ù1), mq(Ù2),

mq(Ù3),�

3. ÓõíäõÜæïíôáé ïé âáóéêÝò ðéèáíüôçôåò êáôá÷þñéóçò ãéá

êÜèå êáíÜëé q ôçò åéêüíáò ÷ñçóéìïðïéþíôáò ôçí ó÷Ýóç ôïõ

Dempster (3.2). Ç ðáñáðÜíù ó÷Ýóç ÷ñçóéìïðïéåßôáé äéáäï-

÷éêÜ ðñïóèÝôïíôáò Ýíá êáíÜëé ôçò åéêüíáò óå êÜðïéï Üëëï

êÜèå öïñÜ, ìÝ÷ñéò üôïõ óõíäõáóôïýí üëåò ïé âáóéêÝò ðéèá-

íüôçôåò êáôá÷þñéóçò áðü üëá ôá êáíÜëéá ôçò åéêüíáò.

4. Ðñïóäéïñßæåôáé ôï ôåëéêü äéÜóôçìá áîéïðéóôßáò ôçò

êáôá÷þñéóçò åéêïíïóôïé÷åßïõ óôçí êÜèå ôÜîç Ùj={{Á}, {Â},

{C}, �}.

ÐáñÜäåéãìá 7

Ôï ðáñÜäåéãìá ðïõ áêïëïõèåß ÷ñçóéìïðïéåßôáé ãéá íá

äåßîåé ôïí ôñüðï ìå ôïí ïðïßï õðïëïãßæïíôáé ôá âÞìáôá 3 êáé

4 ðáñáðÜíù. ÈåùñÞóôå ìéá åéêüíá ðïõ äéáèÝôåé äýï êáíÜëéá

êáôáãñáöÞò (q =1, 2), ôá ïðïßá èåùñïýíôáé üôé åßíáé áíå-

îÜñôçôá ôï Ýíá áðü ôï Üëëï. Óôçí ðñáãìáôéêüôçôá, ç óõí-

èÞêç áõôÞ ôçò óôáôéóôéêÞò áíåîáñôçóßáò äåí éó÷ýåé ó÷åäüí

ðïõèåíÜ óôéò øçöéáêÝò åéêüíåò. ÅîåôÜæåôáé üìùò ðáñáêÜôù.

Ïé âáóéêÝò ðéèáíüôçôåò êáôá÷þñéóçò m (óõíáñôÞóåéò ðéèá-

íüôçôáò) ðñïóäéïñßóôçêáí áðü ôç óôáôéóôéêÞ áíÜëõóç ôùí

åéêïíïóôïé÷åßùí ôçò åéêüíáò ùò:

Ðßíáêáò 1: Ïé ðéèáíüôçôåò êáôá÷þñéóçò ôÜîåùí óå ìßá åéêüíá.

Table 1: The classification probability in an image.

Áðü ôïí ðßíáêá 1 ðñïêýðôåé üôé ôá ðïóïóôÜ ôùí áðïäåß-

îåùí m ôçò êáôá÷þñéóçò åßíáé åíäåéêôéêÜ:

(3.3)

üðïõ ïé äåßêôåò áíáöÝñïíôáé óôá öáóìáôéêÜ êáíÜëéá ôçò

åéêüíáò. Ãéá ôïí õðïëïãéóìü ôïõ ïñèïãþíéïõ áèñïßóìáôïò

m1⊕m2(Ùi), üðïõ Ùi={äáóéêÞ, áãñïôéêÞ, íåñÜ, áóôéêÞ}={F,

A, W, U}, ÷ñçóéìïðïéåßôáé ï ðßíáêáò 2.

Áí õðÞñ÷å êáé ôñßôï öáóìáôéêü êáíÜëé (�áðïäåéêôéêÞ�

ðçãÞ äåäïìÝíùí), ôüôå èåùñïýìå ôï ðáñáðÜíù ïñèïãþíéï

Üèñïéóìá m1⊕m2(Ùi), üðïõ Ùi={äáóéêÞ, áãñïôéêÞ, íåñÜ,

áóôéêÞ}={F, A, W, U} ùò Ýíá íÝï m1 Þ m2 êáé åöáñìüæïõìå

ôï m3 áêñéâþò ìå ôïí ßäéï ôñüðï üðùò êáé Ýãéíå ðáñáðÜíù.

Ôï ïñèïãþíéï Üèñïéóìá ìðïñåß, åðßóçò, íá åêöñáóôåß áëãå-

âñéêþò, þóôå íá ìðïñåß íá åíóùìáôùèåß óå ðñïãñÜììáôá

ëïãéóìéêïý ãéá ôçí åöáñìïãÞ ôùí ìåèüäùí ôçò èåùñßáò ôùí

áðïäåßîåùí êáé áíÜëõóçò ðïëëáðëþí ðçãþí äåäïìÝíùí

(Tessem, 1993). 

Áí äéáôßèåíôáé ðåñéóóüôåñåò áðü äýï ðçãÝò äåäïìÝíùí

åéêüíáò, ôüôå ç óåéñÜ åöáñìïãÞò ôïõ ïñèïãùíßïõ áèñïßóìá-

ôïò äåí åðçñåÜæåé ôï ôåëéêü áðïôÝëåóìá. ÄçëáäÞ ãéá ðåñéó-

óüôåñåò áðü äýï ðçãÝò äåäïìÝíùí ôï ïñèïãþíéï Üèñïéóìá

(åîßóùóç 11) ìðïñåß íá åöáñìïóôåß äéáäï÷éêÜ, åðåéäÞ ç

ó÷Ýóç áõôÞ åßíáé êáé ðñïóåôáéñéóôéêÞ (associative) (ìðïñåß

íá åöáñìïóôåß ãéá ïðïéïäÞðïôå æåõãÜñé ðçãþí êáé êáôüðéí

óå ìéá ôñßôç ðçãÞ Þ éóïäýíáìá íá åöáñìïóôåß óå äéáöïñåôé-

êü æåõãÜñé êáé óå ìéá ôñßôç ðçãÞ), êáèþò êáé áíôéìåôáèåôéêÞ

(commutative) (ç äéÜôáîç, êáôÜ ôçí ïðïßá äéåñåõíþíôáé

(åîåôÜæïíôáé) ïé ðçãÝò ôùí äåäïìÝíùí, äåí áëëÜæåé ôï áðï-

ôÝëåóìá).
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Ç ÷ñÞóç ôçò èåùñßáò ôùí áðïäåßîåùí áðáéôåß ïé ðçãÝò

ôùí äåäïìÝíùí íá åßíáé ìåôáîý ôïõò óôáôéóôéêÜ áíåîÜñôç-

ôåò. Ç óõíèÞêç áõôÞ éêáíïðïéåßôáé ìå ôï íá ÷ñçóéìïðïéÞ-

óïõìå ôå÷íéêÝò áðïóõó÷Ýôéóçò (decorrelation) ôùí äåäïìÝ-

íùí, üðùò åßíáé ç áíÜëõóç êõñßùí óõíéóôùóþí (Richards,

1993).

4. ÓÕÌÐÅÑÁÓÌÁÔÁ

Áöïý åöáñìïóôåß ôï ïñèïãþíéï Üèñïéóìá, ï áíáëõôÞò

ìðïñåß íá õðïëïãßóåé ôïí âáèìü áîéïðéóôßáò (beleif) êáé

åõëïãïöÜíåéáò (plausibility) ãéá êÜèå øçößäá óå êÜèå ôÜîç

åäáöéêÞò êÜëõøçò. Ãéá ôçí ôåëéêÞ êáôá÷þñéóç ôùí åéêïíï-

óôïé÷åßùí ôçò åéêüíáò óå ôÜîåéò ôçò åäáöéêÞò êÜëõøçò ç

áðüöáóç ìðïñåß íá ëçöèåß, áöïý ÷ñçóéìïðïéçèåß ôï êñéôÞ-

ñéï ôçò ìÝãéóôçò áîéïðéóôßáò (Lee, Richards and Swain,

1987) Þ ôçò ìÝãéóôçò åõëïãïöÜíåéáò (Srinivasan and

Richards, 1990) Þ êáé ôá äýï (Peddle, 1995). Ç áðüöáóç

ìðïñåß íá èåùñçèåß üôé åìðåñéÝ÷åé êÜðïéï âáèìü äéáêéíäý-

íåõóçò, ðÜíôá.

Ôï ðëåïíÝêôçìá ôçò èåùñßáò ôùí áðïäåßîåùí óå ó÷Ýóç

ìå ôç óõìâáôéêÞ ôáîéíüìçóç ôçò åéêüíáò åßíáé üôé åðéôñÝðåé

ôç ÷ñÞóç äåäïìÝíùí áðü äéáöïñåôéêÝò ðçãÝò êáé äéáöïñåôé-

êïý ôýðïõ êáé áêñßâåéáò ìå ìåãÜëåò äéáóôÜóåéò, åíþ ôáõôü-

÷ñïíá áðïöåýãïíôáé áõóôçñïß ïñéóìïß ðéèáíïôÞôùí. Ãéá

ðáñÜäåéãìá, óå åöáñìïãÝò üðïõ ü÷é ìüíï áðáéôïýíôáé ðïëõ-

öáóìáôéêÝò åéêüíåò áëëÜ êáé èåìáôéêïß óõìâáôéêïß ÷Üñôåò, Þ

ðñïóùðéêÝò åêôéìÞóåéò áðü Ýíáí åäáöïëïãéêü ÷Üñôç, ôüôå ç

èåùñßá ôùí áðïäåßîåùí ìðïñåß íá ÷ñçóéìïðïéçèåß êÜëëéóôá,

ìå ôçí ðñïûðüèåóç üôé ìðïñïýí íá õðïëïãéóôïýí ïé óõíáñ-

ôÞóåéò êáôáíïìþí ôùí ôÜîåùí ôçò åäáöéêÞò êÜëõøçò. 

ÅÕ×ÁÑÉÓÔÉÅÓ

Åõ÷áñéóôþ éäéáßôåñá ôïõò äýï êñéôÝò ãéá ôá åýóôï÷á ó÷üëéá

êáé ôéò ðáñáôçñÞóåéò ôïõò. Ï áããëéêüò üñïò pixel (picture

element) áðïäüèçêå óôá åëëçíéêÜ ùò "åéêïíïóôïé÷åßï" áëëÜ

êáé ùò "øçößäá", óýìöùíá ìå ôéò õðïäåßîåéò ôùí êñéôþí. Ïé

åëëçíéêïß áõôïß üñïé ÷ñçóéìïðïéïýíôáé åíáëëÜî, óõìâáäßæï-

íôáò ìå ôéò áðüøåéò êáé ôùí äýï êñéôþí.
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Abstract
This article introduces the mathematical Theory of Evidence in

classifying Remote Sensing images. Its main intent is to introduce

the less familiar concepts of belief functions in image classification.

The belief function can be considered as a generalisation of the

classical Bayes probability function that includes, however, a way to

assess the strength of evidence. To illustrate the Theory of Evidence

seven examples are given.

1. INTRODUCTION

Classification is, in general, an area of multivariate stati-

stics (Duda and Hart, 1973; Anderson, 1984; Awcock and

Thomas, 1995; Castleman, 1996) that deals with grouping a

set of items by assigning them to several similar classes. The

first goal of a classification procedure is to describe the

degree of similarity or disjointness of the items under con-

sideration. The second goal is to select a proper rule (algo-

rithm) so that the items are separated into groups of similar

properties.

Classification of a digital image (Jensen, 1995; Richards,

1993; Congalton and Green, 1998; Schowengerdt, 1983;

1997) is a procedure of converting image pixels with similar

properties, structure etc., into similar descriptive labels that

correspond to different surface materials or conditions. In the

evaluation study of water quality of a remote-sensing image,

for example, the first step of image classification would

include identification of all pixels that correspond to water.

Then further steps of classification would include a detailed

description of the water pixels and a pixel labeling into other

subgroups designating water quality, depth, amount of

suspended particles, etc.

Most traditional methods of image classification, such as

minimum distance, maximum likelihood, maximum a poste-

riori, etc. (Curran, 1985; Campbell, 1987; Richards, 1993),

require that the data are digital and assume parametric stati-

stical models, such as the Gaussian distribution. These methods

are not designed to handle data from different sources or of

varying accuracy and they cannot cope with non-numerical

data. In practice, the data usually do not obey the conditions

imposed by traditional methods that classify pixels via crisp

rules. The mathematical Theory of Evidence by Dempster

and Shafer (Shafer, 1976; 1996; Shafer and Pearl, 1990;

Yager et al., 1994) is a scientific field that can deal with

statistically independent sources, which may not give digital

data (e.g., photographs, geological maps, engineer�s judge-

ment, etc.). It does not require the specification of a complete

probabilistic model that relates the set of class hypotheses

and can handle data of high dimension. In the following, we

briefly discuss the problems encountered in remote sensing

image analysis and review methods available for classifi-

cation.

The Problems

In remote sensing applications, there often exist multiple

data that can be used, including multispectral data from dif-

ferent sources, thematic maps, spatial databases, elevation

data, etc. These data may be in point or area specific form

and can be numerical (pixel values) or nominal (maps of

labels) in nature. With the advent of sensor and computer

technology, there exists an increasing demand for combining

information from heterogeneous sources in order to exploit

knowledge as much as possible and derive accurate analysis

systems for remote sensing data (Lee et al., 1987). The com-

bined analysis of data sources referring to different spatial

representations (pixel, line, or area) becomes difficult, requi-

ring human expert interaction for some form of registration

of the various spatial systems. In this paper we are concerned

with information sources defined on the same coordinate

system deriving data in pixel-specific form. Therefore, the

major issue under consideration becomes the joint analysis

and classification of pixels from heterogeneous sources of

information, with particular emphasis on handling uncertainty

in the nature of data (numerical or nominal) and in the

accuracy of data (noise, blurring, etc.).
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Multichannel data encode information from different fre-

quency bands at each spatial location (pixel). These data can

be presented in a pixel-specific vector form and analyzed

jointly via multidimensional statistical methods. Such me-

thods rely upon multivariate distribution functions that can be

inferred from the data. For non-numerical data, however,

such a consideration through classical approaches is not

suitable.

Initial approaches to the study of heterogeneous pieces of

information considered sources independently and focused

on the combination of results. In Strahler and Bryant (1978),

the elevation data are used to define elevation regions of

interest and, subsequently, multispectral data are classified

within each elevation range separately. Hutchinson (1982)

uses information from other sources only to resolve ambigui-

ties created in the classification of spectral data. 

These approaches do not exploit to the maximum degree

the amount of correlation existent in the multi-sensor data. To

handle such information accurately, we need rigorous ap-

proaches for the joint consideration of evidence from multi-

ple sources, for each single pixel. Towards this direction, the

notion of the global membership function as an extension to

the joint probability function, its relation to evidential cal-

culus and their applications in remote sensing are presented

in Lee et al. (1987). We continue with an overview of the the-

ory of evidence and examine its application in the classifi-

cation of remote sensing data.

Classification Approaches

The information employed in classification regards

aspects of pixel or region similarity. Deterministic techniques

rely on spatial similarity expressed by distances of measure-

ment vectors. The classical Bayesian theory deals with the

stochastic nature of data/measurements based on specific

models of distribution and on the Bayesian logic for hypo-

thesis testing. Modern approaches alleviate assumptions

regarding precise distribution models, which are only

approximations of reality. Neural approaches cope with

unknown nonlinear models underlying the distribution of the

data, but they still implement the Bayesian logic in classifi-

cation. The Theory of Evidence expresses the degree of igno-

rance in the classification problem, based on approximate

reasoning. It considers crisp sets, but introduces uncertainty

in the decision making process (logic) by considering proba-

bility intervals with lower and upper bounds rather than

explicit probability values. The Fuzzy Set theory expresses

uncertainty in the definition of the sets or classes and, thus, it

necessarily handles uncertainty in its reasoning logic.

The Theory of Evidence provides the means of dealing

with data uncertainty in complex mixed data sets (numerical

or nominal information) with reasonable cost, thus providing

the ability to analyze data sets of high dimension. The Theo-

ry of Evidence has recently been used in artificial intelligence

to provide a way of deriving subjective judgment in a more

natural way than the probability theory (Shafer, 1996). In

essence, the probability assignment describes the frequency

of observation of a pattern in a set, whereas the belief func-

tion in the theory of evidence reflects the degree to which a

pattern resembles the characteristics of this set.

In this paper we present the fundamental issues of the the-

ory of evidence and trace its application in the classification

of remote sensing images. In Section 2 we discuss the con-

cept of the belief function as opposed to the probability func-

tion in the context of statistical hypothesis testing. The

advantages of the belief function over the probability func-

tion are elucidated through several examples. Section 3

provides the basis for combining evidence from different

sources through Dempster�s rule of combination. The deci-

sion-making logic according to the theory of evidence is pre-

sented and discussed through classification examples. Sec-

tion 4 concludes the paper by summarizing the potential and

the advantages of the theory of evidence in remote sensing

data analysis.

2. BELIEF FUNCTIONS IN STATISTICAL
HYPOTHESES

Classification could be considered as a mapping from the

space of data X onto the space of (feature) classes Ù (fig. 1).

In Remote Sensing the space of data × is commonly

expressed by the multispectral image which is the set of all

vector-valued image pixels. A feature vector h(x) is assigned

to each element x of X. The space Ù spans the entire feature

space and is composed of a set of mutually exclusive and

exhaustive (i.e. cover the entire space) classes of interest. In

our consideration, the elements of Ù represent the land cover

material (i.e., soil, vegetation, surface water etc.). The classi-

fication process assigns (labels) each image pixel to one

class, by testing the corresponding hypotheses about these

classes based on the evidence provided by the data. In most

realistic cases, however, this evidence is not enough to di-

stinguish among the different classes, implying uncertainty in

the hypothesis testing and imposing the need for testing com-

binations of hypotheses. 

The set of all possible subsets of the frame of discernment

Ù is denoted by 2Ù and defines the complete set of hypothe-

ses about the classification problem. Here we use the term

�hypothesis� in that generalized context to declare any subset

of the initial hypotheses in Ù. 

Consider, for example, a classification scheme of four

classes, i.e., Á={Forest}, Â={Agriculture}, C={Water},
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D={Urban}, as in fig. 2. The finite set of all possible classes

is denoted by Ù ={Forest, Agriculture, Water, Urban} and is

commonly called the frame of discernment. Figure 2 presents

the frame of discernment Ù and its subsets. For a frame of n

elements, there exist 2n subsets Ùi. The empty set, ∅, is also

one of the subsets, but corresponds to a hypothesis that is

false and is not shown in figure 2.

The theory of evidence attempts to quantify the natural

process of subjective judgement. It is important, therefore, to

characterize the positive or negative influence that evidence

creates towards one hypothesis. Some evidence (e.g., data)

may support a certain hypothesis and convince the analyst to

place some degree of belief in the choice of , say, a two-ele-

ment subset of Ù, such as the class {A, B}= {Forest, Agri-

culture}. Alternatively, some new evidence may lead to

exclude the class A={Forest}, to some degree, from further

consideration. 

Evidence that does not support class A is equivalent to the

negation of the hypothesis for the class A ={Forest}. In this

case, the support leans on the choice of {NOT A }, which

obviously corresponds to the choice of the hypothesis {B OR

C OR D}. Evidence that does not approve class A, convince

the analyst to adopt a degree of belief in the subset of the

remaining classes {B OR C OR D}. 

The mathematical Theory of Evidence does not assume

hard definitions of probability because the stochastic distri-

butions of classes and the precise probability assignments in

Ù are unknown. It rather assigns lower and upper bounds to

the distributions and, in addition, expresses the degree of

ignorance in the classification. The Theory of Evidence uses

a number in the interval [0, 1] to indicate the strength (or

degree) of belief assigned to a hypothesis given a piece of

evidence. This number is the degree to which the evidence

supports the specific hypothesis. Evidence against a hypo-

thesis A is regarded as evidence for the negation (NOT A) of

the hypothesis. 

3. DISCUSSION AND CONCLUDING
REMARKS

Instead of producing a thematic map of classification

showing the various land cover types, the Theory of Evi-

dence allows the construction of a map showing each class

and at the same time depicting the distribution of belief in

classification (or plausibility). This is always useful in prac-

tice, where there are doubts in assigning a certain pixel to a

class.

The main advantage of the Theory of Evidence versus

conventional image classification approaches is that it allows

the use of data, or pieces of evidence, from different hetero-

geneous sources, in diverse forms (numerical and/or nomi-

nal). Compared with the classical Bayesian theory, the theo-

ry of evidence is distinguished by its ability to express the

degree of ignorance in a classification process. Moreover, the

theory of evidence handles problems under uncertainty and

provides a means of deriving, as well as exploiting subjective

judgement. As opposed to the probability theory, it does not

assume specific definitions of probability. Thus, the theory of

evidence alleviates restrictive assumptions regarding specific

distribution models and precise probability assignments,

which are unknown in practice. Therefore, the theory of evi-

dence renders the reasoning process robust to model

uncertainties, as well as noise disturbances. As opposed to

the fuzzy set theory, the theory of evidence considers crisp

sets, but incorporates approximate reasoning in its logic to

express uncertainty and possibility in the classification of a

measurement to a set. Thus, the theory of evidence deals with

uncertainty in the classification process itself rather than in

the definition of classes. It provides a powerful means of

dealing with data uncertainty in complex mixed data sets at a

reasonable cost, thus providing the ability to analyze data sets

of high dimension.

In summary, the Theory of Evidence does not examine

the probability of belonging in terms of how often (in the

universe of discourse of images) the pixel x truly belongs to

the class A, but the possibility of belonging in terms of how

similar the characteristics of the pixel x are to those of the

class A. It provides a natural way of examining similarity and

uses approximate reasoning to model subjective judgement

in grouping pixels together. The major characteristics of the

theory of evidence that make it useful in the classification of

remote sensing data are the following:

l Enables subjective judgement that relates to the natural

way of operation of the human expert.

l Can deal with data from different sources and can handle

different forms of data (numerical or nominal) with dif-

ferent natural properties.

l Does not require fitting of specific distribution models to

the data and does not force the data to obey strict assump-

tions.

l Does not require precise specification of probability

assignments for each measurement value.

l Provides robustness in the classification process and can

handle noise corrupt or blurred images.
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