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éóôïðáèïëïãéêþí åéêüíùí
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Software Development for Fractal Analysis of Histopathologic Images
Pavlopoulos PM, Kavantzas N, Agapitos E, Patsouris E

Department of Pathology, Medical School, National University of Athens, Greece.

Introduction: Considering the multiple applications of fractal analysis in the
field of histopathology, we developed “Fractalyser”, a specialized fractal analysis
program for Windows operating system.

Material and Methods: The application was developed in Visual Basic 6.0
environment. The program was designed with multiple document interface and
Windows XP compatibility. It can open, edit and analyze the most common image
file types. The program has some basic image processing functions such as invert,
horizontal and vertical flip, grayscale conversion and crop. The user can precisely
select the area of interest applying parameterized threshold or edge detection
algorithms in the color image, while getting real time graphical feedback on the
process. The produced binary image, which is projected as a red layer on the
original image, can be further optimized before fractal analysis with “dilation”,
“erosion” or several noise reduction filters. The estimation of the fractal dimension
of the image is carried out by using the “box-counting” algorithm.

Results: The accuracy of the application was assessed by analyzing images
with theoretically known fractal dimension. The errors ranged from 0.0 to 5.8%,
being conversely proportional to the number of grid offsets. Repeated comparisons
of the statistical results of the program with the corresponding data of a commer-
cially available statistical package confirmed their validity and precision.

Conclusion: As it has been observed in thorough testing, the application
presented here constitutes a stable, relatively fast, reliable and easy to use tool for
fractal analysis. “Fractalyser” is provided as freeware to researchers.
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ÅéóáãùãÞ: Ìå äåäïìÝíåò ôéò ðïëëáðëÝò åöáñìïãÝò ôçò fractal ãåùìåôñßáò óôïí
÷þñï ôçò éóôïðáèïëïãßáò, áíáðôýîáìå ìéá åîåéäéêåõìÝíç åöáñìïãÞ fractal áíÜëõ-
óçò ãéá Windows.

Õëéêü êáé ìÝèïäïò: Ç åöáñìïãÞ áíáðôý÷èçêå óå ðåñéâÜëëïí Visual Basic 6.0
ìå äéåðéöÜíåéá ðïëëáðëþí áñ÷åßùí êáé Windows XP óõìâáôüôçôá. Ìðïñåß íá
áíïßãåé, íá åðåîåñãÜæåôáé êáé íá áíáëýåé üëïõò ôïõò óõíÞèåéò ôýðïõò áñ÷åßùí
åéêüíáò. Ôï ðñüãñáììá äéáèÝôåé ïñéóìÝíåò âáóéêÝò ëåéôïõñãßåò åðåîåñãáóßáò åéêü-
íáò, üðùò áíôéóôñïöÞ, ïñéæüíôéá êáé êÜèåôç áíáóôñïöÞ, ìåôáôñïðÞ Ýã÷ñùìçò åéêü-
íáò óå áóðñüìáõñç êáé áðïêïðÞ ôìçìÜôùí. Ï ÷ñÞóôçò ìðïñåß ìå áêñßâåéá íá
åðéëÝîåé ôéò ðåñéï÷Ýò åíäéáöÝñïíôïò ìÝóù ðáñáìåôñïðïéÞóéìùí áëãïñßèìùí ïõäïý
êáé áíß÷íåõóçò ïñßùí áðåõèåßáò óôçí Ýã÷ñùìç åéêüíá, Ý÷ïíôáò óôç äéÜèåóÞ ôïõ
preview óå ðñáãìáôéêü ÷ñüíï. Ç ðáñáãüìåíç äõáäéêÞ åéêüíá, ç ïðïßá ðñïâÜëëåôáé
ùò åñõèñü åðßðåäï åðß ôçò áñ÷éêÞò åéêüíáò, ìðïñåß íá âåëôéóôïðïéçèåß ðåñáéôÝñù
ìå åöáñìïãÞ ößëôñùí ìåßùóçò èïñýâïõ, dilation Þ erosion. Ï õðïëïãéóìüò ôçò
fractal äéáóôÜóåùò ðñáãìáôïðïéåßôáé ìå åöáñìïãÞ ôïõ áëãïñßèìïõ box-counting.

ÁðïôåëÝóìáôá: Ç áêñßâåéá ôïõ ðñïãñÜììáôïò åëÝã÷èçêå ìÝóù åéêüíùí ìå
èåùñçôéêþò ãíùóôÞ fractal äéÜóôáóç. Ôá óöÜëìáôá ôïõ ðñïãñÜììáôïò êõìÜíèçêáí
ìåôáîý 0,0% êáé 5,8%, ðáñïõóéÜæïíôáò ãåíéêþò ìÝãåèïò áíôñéóôñüöùò áíÜëïãï ôïõ
áñéèìïý ìåôáêéíÞóåùò ôïõ ðëÝãìáôïò. ÅðáíåéëçììÝíåò óõãêñßóåéò ôùí óôáôéóôéêþí
áðïôåëåóìÜôùí ôïõ ðñïãñÜììáôïò ìå áíôßóôïé÷á åíüò åìðïñéêþò äéáèÝóéìïõ óôáôé-
óôéêïý ðáêÝôïõ åðéâåâáßùóáí ôçí áêñßâåéá êáé ôçí áîéïðéóôßá ôïõò.

ÓõìðÝñáóìá: ¼ðùò äéáðéóôþèçêå óå åíäåëå÷åßò äïêéìÝò, ç ðáñïõóéáæüìåíç
åöáñìïãÞ áðïôåëåß Ýíá óôáèåñü, ôá÷ý êáé öéëéêü óôïí ÷ñÞóôç åñãáëåßï fractal
áíáëýóåùò. Ôï ðñüãñáììá Fractalyser ðáñÝ÷åôáé ãéá åñåõíçôéêÞ ÷ñÞóç ùò freeware
ìåôÜ áðü áßôçóç ôùí åíäéáöåñïìÝíùí.

ËÝîåéò-êëåéäéÜ: fractal áíÜëõóç, fractal äéÜóôáóç, áíÜëõóç åéêüíáò

ôïí B. Mandelbrot, ôçò fractal ãåùìåôñßáò.3 Ìå
ôç âïÞèåéá áõôÞò åßíáé äõíáôüí íá åêôéìçèåß
áíôéêåéìåíéêÜ êáé íá ðñïóäéïñéóôåß ðïóïóôéêÜ
ï âáèìüò ôçò ðïëõðëïêüôçôáò êáé ôïõ áêáíü-
íéóôïõ ðïõ ðáñïõóéÜæåé Ýíá áíôéêåßìåíï, ìÝóù
åíüò ìåãÝèïõò ðïõ êáëåßôáé fractal äéÜóôáóç.3,4

ÊáôÜ ôá ôåëåõôáßá ÷ñüíéá ç fractal áíÜëõóç
Ý÷åé âñåé åöáñìïãÝò óå äéáöüñïõò ôïìåßò ôçò
êëéíéêÞò êáé åñãáóôçñéáêÞò éáôñéêÞò,5 åíþ äéáñ-
êþò áõîáíüìåíï åíäéáöÝñïí ðáñïõóéÜæåôáé ðñï-
óöÜôùò ãéá åöáñìïãÝò ôçò fractal ãåùìåôñßáò
êáé óôïí ÷þñï ôçò ðïóïôéêÞò éóôïðáèïëïãßáò,
êáèþò Ý÷åé áðïäåé÷èåß ç ÷ñçóéìüôçôá ôùí frac-
tal ðáñáìÝôñùí éäßùò óôç ìåëÝôç ôçò ðáèïëï-
ãéêÞò áíáôïìéêÞò ôùí íåïðëáóìÜôùí. ÐñÜãìá-
ôé, üðùò Ý÷åé äåé÷èåß óå óåéñÜ ðñïüóöáôùí
ìåëåôþí, ðáèïëïãéêïß ðõñÞíåò äéáöüñùí íåï-
ðëáóìáôéêþí éóôþí ðáñïõóéÜæïõí ìåãáëýôåñåò
ôéìÝò fractal äéáóôÜóåùò óå ó÷Ýóç ìå öõóéïëï-
ãéêïýò ðõñÞíåò.6-9 Åðßóçò, áããåéáêÝò äéáôïìÝò
áðü íåïðëáóìáôéêü íåïáããåéáêü äßêôõï ÷áñá-
êôçñßæïíôáé áðü áõîçìÝíï âáèìü ðïëõðëïêü-

ÅÉÓÁÃÙÃÇ

Ç ìåëÝôç êáé ç áíÜëõóç ìéêñïóêïðéêþí
éóôïðáèïëïãéêþí åéêüíùí ìÝóù çëåêôñïíéêïý
õðïëïãéóôÞ, ðñáãìáôïðïéïýíôáé ðáñáäïóéáêþò
ìå ôç âïÞèåéá ìåèüäùí ôçò óõìâáôéêÞò åõêëåß-
äéáò ãåùìåôñßáò. Ç ôåëåõôáßá åßíáé ãíùóôü üôé
áðïôåëåß åðáñêÝò åñãáëåßï ãéá ôïí ÷áñáêôçñé-
óìü êáé ôç ìåëÝôç èåùñçôéêþí áíôéêåéìÝíùí
ðïõ ìðïñïýí íá ðåñéãñáöïýí éêáíïðïéçôéêÜ
ùò áèñïßóìáôá áðëþí ãåùìåôñéêþí ó÷çìÜôùí,
üðùò ï êýêëïò, ôï ôåôñÜãùíï Þ ç ðõñáìßäá.
Ïé äïìÝò, ùóôüóï, ðïõ ðñáãìáôéêÜ áðáíôþ-
íôáé óôç öýóç, üðùò åðß ðáñáäåßãìáôé ïé áêôï-
ãñáììÝò, ôá óýííåöá êáé åéäéêÜ ãéá ôïí ÷þñï
ôçò éóôïðáèïëïãßáò ôá êýôôáñá, ïé ðõñÞíåò, ôá
áããåßá Þ Üëëåò éóôéêÝò äïìÝò ðáñïõóéÜæïõí
ìåãÜëï âáèìü ðïëõðëïêüôçôáò, ÷áñáêôçñéæü-
ìåíåò åðéðëÝïí áðü ôï ãíþñéóìá ôçò áõôï-
ïìïéüôçôáò (self-similarity).1-3 ÔÝôïéåò äïìÝò
ðåñéãñÜöïíôáé êáëýôåñá ìÝóù ôïõ íÝïõ êëÜ-
äïõ ôùí ìáèçìáôéêþí ðïõ èåìåëéþèçêå áðü
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ôçôáò, üðùò áõôüò êáôáäåéêíýåôáé áðü ìåôñÞ-
óåéò ôçò fractal äéáóôÜóåùò.10

Ìå äåäïìÝíåò êáé ðñïöáíåßò ôéò ðïëëáðëÝò
åöáñìïãÝò ôçò fractal áíÜëõóçò óôï ÷þñï ôçò
éóôïðáèïëïãßáò áíáðôýîáìå ôï ðñüãñáììá
Fractalyser™, ìéá åîåéäéêåõìÝíç åöáñìïãÞ ãéá
ðñïóùðéêü õðïëïãéóôÞ, ç ïðïßá ðñáãìáôïðïéåß
ìåôñÞóåéò fractal äéáóôÜóåùò ìå ôç âïÞèåéá ôïõ
áëãüñéèìïõ box-counting.

ÕËÉÊO ÊÁÉ ÌEÈÏÄÏÓ

Ç åöáñìïãÞ áíáðôý÷èçêå óå ðåñéâÜëëïí
Visual Basic v.6.0 (Microsoft Corp.) ìå áñ÷éôå-
êôïíéêÞ ðïëëáðëþí áñ÷åßùí (multiple docu-
ment interface), ðïõ åðéôñÝðåé ôçí ôáõôü÷ñïíç
åðéóêüðçóç êáé åðåîåñãáóßá ðåñéóóïôÝñùí ôçò
ìéáò åéêüíùí. To Fractalyser äéáèÝôåé ðáñáèõ-
ñéêü ðåñéâÜëëïí êáé öéëéêÞ óôïí ÷ñÞóôç äéå-
ðéöÜíåéá, åíþ åßíáé óõìâáôü ìå ëåéôïõñãéêü
óýóôçìá Windows 2000/XP.

Ç áíáðôõ÷èåßóá åöáñìïãÞ ìðïñåß íá áíïß-
ãåé áñ÷åßá åéêüíáò ôýðïõ bmp, jpg, gif êáé
tiff, åíþ áðïèçêåýåé ôéò ðáñáãüìåíåò åéêüíåò
êáé ôá äéáãñÜììáôá óå ìïñöÞ bmp. Ôá áñéè-
ìçôéêÜ áðïôåëÝóìáôá áðïèçêåýïíôáé óå ìïñ-
öÞ txt.

Ôï Fractalyser äåí áðïôåëåß ðëÞñåò ðáêÝôï
åðåîåñãáóßáò êáé áíÜëõóçò åéêüíáò êáé ùò åê
ôïýôïõ ìðïñåß íá åêôåëåß ðåñéïñéóìÝíï ìüíï
áñéèìü ãåíéêþí ëåéôïõñãéþí, üðùò áíôéóôñïöÞ
(invert), ïñéæüíôéá êáé êÜèåôç áíáóôñïöÞ (flip
horizontal and vertical), ðáñáìåôñïðïéÞóéìç ìå-
ôáôñïðÞ Ýã÷ñùìçò åéêüíáò óå áóðñüìáõñç
(grayscale conversion) êáé áðïêïðÞ ôìçìÜôùí
(crop).

ÂáóéêÞ ëåéôïõñãßá ôïõ ðñïãñÜììáôïò åßíáé
ç åöáñìïãÞ ðáñáìåôñïðïéÞóéìïõ ïõäïý (thresh-
old) óôçí øçöéáêÞ åéêüíá ãéá åðéëïãÞ åðéöá-
íåéþí åíäéáöÝñïíôïò, êáèþò êáé ç åðßóçò ðá-
ñáìåôñïðïéÞóéìç ëåéôïõñãßá áíß÷íåõóçò ïñßùí
(edge detection), ìÝóù ôçò ïðïßáò åðéôõã÷Üíå-
ôáé ç áíÜäåéîç ôùí ðåñéãñáììÜôùí ôùí áíôé-
êåéìÝíùí êáé ç ãñáöéêÞ ôïõò åðéóÞìáíóç. Êáé
ãéá ôéò äýï ëåéôïõñãßåò ï ÷ñÞóôçò Ý÷åé óôç
äéÜèåóÞ ôïõ preview ôìÞìáôïò ôçò åéêüíáò óå
ðñáãìáôéêü ÷ñüíï (Åéê. 1).

Ìå ôéò ðñïáíáöåñèåßóåò ëåéôïõñãßåò, ïé
ïðïßåò åðéôåëïýíôáé áð’ åõèåßáò óå Ýã÷ñùìá
áñ÷åßá, äçìéïõñãåßôáé ìéá äõáäéêÞ åéêüíá (bi-
nary image), ùò îå÷ùñéóôü åðßðåäï (layer) ôï
ïðïßï åðéðñïâÜëëåôáé óôçí áñ÷éêÞ åéêüíá.
Øçöéáêüò èüñõâïò ìå ôç ìïñöÞ ìåìïíùìÝíùí

Åéêüíá 1. Ëåéôïõñãßá áíß÷íåõóçò ïñßùí. Äéá-
êñßíåôáé ôï ðáñÜèõñï ôùí ñõèìßóåùí êáèþò
êáé ôï ôìÞìá åéêüíáò ãéá preview ðñáãìáôé-
êïý ÷ñüíïõ.

pixel (“salt and pepper” noise) Þ ìéêñþí áèñïß-
óåùí pixel ìðïñåß íá áöáéñåèåß ìå ôç ÷ñÞóç
åéäéêþí ößëôñùí Þ êáé ÷åéñïêßíçôá. Ôï ðñü-
ãñáììá ìðïñåß åðßóçò íá åöáñìüóåé ôïõò âá-
óéêïýò ôåëåóôÝò ôçò ìáèçìáôéêÞò ìïñöïëïãßáò,
dilation êáé erosion.

Ï ðñïóäéïñéóìüò ôçò fractal äéáóôÜóåùò
ãßíåôáé ìå åöáñìïãÞ ôïõ áëãïñßèìïõ box-count-
ing óôç äõáäéêÞ åéêüíá (Åéê. 2). Óýìöùíá ìå

Åéêüíá 2. ÐáñÜèõñï ñõèìßóåùí ãéá fractal
áíÜëõóç.
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ôç ìÝèïäï áõôÞ åöáñìüæïíôáé äéáäï÷éêþò óôçí
åéêüíá ðëÝãìáôá (grids) ìå äéáöïñåôéêü êÜèå
öïñÜ ìÝãåèïò êåëéþí (boxes), åíþ áðü ôï ðñü-
ãñáììá êáôáãñÜöåôáé êÜèå öïñÜ ï áñéèìüò
ôùí êåëéþí ðïõ êáôáëáìâÜíïíôáé áðü ôï õðü
ìåëÝôç áíôéêåßìåíï (“èåôéêÜ” êåëéÜ). Áêïëïý-
èùò, õðïëïãßæåôáé ãéá êÜèå ìÝãåèïò êåëéïý ï
ëïãÜñéèìïò ôïõ áíôéóôñüöïõ ôïõ ìåãÝèïõò ôïõ
êåëéïý [log(1/S)] êáé ï ëïãÜñéèìïò ôùí “èåôé-
êþí” êåëéþí (logN). ÂÜóåé ôùí ôéìþí áõôþí
äçìéïõñãåßôáé ç áíôßóôïé÷ç ãñáöéêÞ áðåéêüíé-
óç êáé ÷áñÜóóåôáé ç åõèåßá, ç ïðïßá ðåñéãñÜ-
öåé êáôÜ ôïí êáëýôåñï ôñüðï ôá äåäïìÝíá óç-
ìåßá ôïõ äéáãñÜììáôïò, ìÝóù ìéáò äéáäéêá-
óßáò ðïõ åßíáé ãíùóôÞ ùò “ãñáììéêÞ ðáëéí-
äñüìçóç åëá÷ßóôùí ôåôñáãþíùí” (least-squares
linear regression). Ç fractal äéÜóôáóç ôïõ áíôé-
êåéìÝíïõ åêöñÜæåôáé áðü ôçí êëßóç (slope) ôçò
óõãêåêñéìÝíçò åõèåßáò åëá÷ßóôùí ôåôñáãþíùí
(Åéê. 3). Ôï ðñüãñáììá õðïëïãßæåé áêüìç ôïí
óõíôåëåóôÞ óõó÷åôßóåùò ôïõ Pearson, (r, corre-
lation coefficient) êáèþò êáé ôïí óõíôåëåóôÞ
ðñïóäéïñéóìïý, (r², coefficient of determina-
tion), âÜóåé ôïõ ïðïßïõ åêôéìÜôáé ï âáèìüò
ðñïóáñìïãÞò ôçò åõèåßáò åëá÷ßóôùí ôåôñáãþ-
íùí óôéò ðñáãìáôïðïéçèåßóåò ìåôñÞóåéò.

Ôï åýñïò ìåãÝèïõò ôùí êåëéþí, üðùò êáé ï
áñéèìüò ìåôáêéíÞóåùí ôïõ ðëÝãìáôïò ãéá êÜèå
äåäïìÝíï ìÝãåèïò êåëéïý ìðïñïýí íá ðñïó-
äéïñéóôïýí áðü ôïí ÷ñÞóôç.

ÁÐÏÔÅËEÓÌÁÔÁ

Ãéá ôïí Ýëåã÷ï ôçò áêñßâåéáò, ôçò ôá÷ýôç-
ôáò, áëëÜ êáé ôçò óôáèåñüôçôáò ôçò åöáñìïãÞò
ðñáãìáôïðïéÞèçêáí åêôåíåßò ìåôñÞóåéò åõêëåß-
äéùí êáé fractal áíôéêåéìÝíùí ìå èåùñçôéêþò
ãíùóôÞ fractal äéÜóôáóç, üðùò êýêëùí, ãñáì-
ìþí, ôõ÷áßïõ ìïíï÷ñùìáôéêïý èïñýâïõ, ôñéãþ-
íùí ôïõ Sierpinski êáé íÞóùí ôïõ Koch. Ìåëå-
ôÞèçêáí åðßóçò ðñáãìáôéêÝò éóôïðáèïëïãéêÝò
åéêüíåò, êõñßùò ãéá Ýëåã÷ï ôùí áëãïñßèìùí
ïõäïý êáé áíß÷íåõóçò ïñßùí. Ôï ðñüãñáììá
ðáñïõóßáóå óöÜëìáôá óôïí õðïëïãéóìü ôçò
fractal äéáóôÜóåùò ìåôáîý 0% êáé 5,8% ÷ùñßò
ôçí åöáñìïãÞ ìåôáêéíÞóåùí ôïõ ðëÝãìáôïò. Ï
÷ñüíïò áíáëýóåùò ãéá åéêüíá äéáóôÜóåùí
800÷600 pixel êõìÜíèçêå ìåôáîý 2,0 êáé 2,3
sec, óå õðïëïãéóôÞ P4, 1,9GHz, 512MB. Ìå
åíåñãïðïéçìÝíç ôç ëåéôïõñãßá ìåôáêéíÞóåùí ôá
áíôßóôïé÷á óöÜëìáôá óå ó÷Ýóç ìå ôéò èåùñçôé-
êþò áíáìåíüìåíåò ôéìÝò êõìÜíèçêáí ìåôáîý

Åéêüíá 3. ÐáñÜèõñï áñéèìçôéêþí áðïôåëåóìÜ-
ôùí êáèþò êáé äéÜãñáììá Log(N)-Log(1/S).

0% êáé 3,9%. Ùóôüóï, ï ÷ñüíïò õðïëïãéóìïý
áõîÞèçêå äõóáíÜëïãá.

Ãéá ôçí åðéâåâáßùóç ôçò áêñßâåéáò ôùí óôá-
ôéóôéêþí õðïëïãéóìþí ôïõ ðñïãñÜììáôïò, ôá
áðïôåëÝóìáôá ôïõ Fractalyser áíôéðáñåôÝèçóáí
åðáíåéëëçìÝíá ìå áíôßóôïé÷á áðïôåëÝóìáôá ôïõ
óôáôéóôéêïý ðáêÝôïõ Statistica (StatSoft, v.6.0).

Ôï ðñüãñáììá äéáèÝôåé êþäéêá áíôéìåôùðß-
óåùò óöáëìÜôùí êáé äåí ðáñïõóßáóå áîéüëï-
ãá ðñïâëÞìáôá óôáèåñüôçôáò êáôÜ ôéò äïêéìÝò
óå ðåñéâÜëëïí Windows XP Professional êáé
Windows 2000.
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ÓÕÆÇÔÇÓÇ

Ôá åìðïñéêþò äéáèÝóéìá ðñïãñÜììáôá ðïõ
åêôåëïýí fractal áíÜëõóç åíôÜóóïíôáé óõíÞ-
èùò óå éäéáéôÝñùò áêñéâÜ ðáêÝôá áíÜëõóçò
åéêüíáò, ãåãïíüò ðïõ êáèéóôÜ ôçí áðüêôçóÞ
ôïõò ðñïâëçìáôéêÞ, ôïõëÜ÷éóôïí ãéá ôá åëëç-
íéêÜ äåäïìÝíá. ÏñéóìÝíá åðßóçò, ôá ïðïßá
ðáñÝ÷ïíôáé äùñåÜí ìÝóù äéáäéêôýïõ, áðáéôïýí
ìç åõñÝùò äéáäåäïìÝíá ëåéôïõñãéêÜ óõóôÞìá-
ôá (Linux), Þ ðáñïõóéÜæïõí óõ÷íÜ êáé óçìá-
íôéêÜ ðñïâëÞìáôá áîéïðéóôßáò êáé óôáèåñüôç-
ôáò. ÊáíÝíá áðü ôá ãíùóôÜ óå åìÜò ðñïãñÜì-
ìáôá åîÜëëïõ äåí äéáèÝôåé ôï éäéáßôåñá âïçèç-
ôéêü ãéá ôïí ÷ñÞóôç ÷áñáêôçñéóôéêü ôçò áðåõ-
èåßáò åñãáóßáò óå Ýã÷ñùìåò åéêüíåò. Åðéêïõ-
ñéêÜ ÷áñáêôçñéóôéêÜ ôïõ Fractalyser, üðùò ç
áöáßñåóç èïñýâïõ, ç ÷åéñïêßíçôç áðÜëåéøç Þ
ç åðéëïãÞ ðåñéï÷þí ôçò äõáäéêÞò åéêüíáò, ôá
ïðïßá áðïäåéêíýïíáé åîáéñåôéêÜ ÷ñÞóéìá ãéá
ôçí áíÜëõóç éóôïðáèïëïãéêþí åéêüíùí, áðïõ-
óéÜæïõí åðßóçò áðü Üëëá áíôßóôïé÷á ðñïãñÜì-
ìáôá.

Åßíáé ãíùóôü êáé áðïäåêôü üôé ï åõñÝùò
÷ñçóéìïðïéïýìåíïò áëãüñéèìïò box-counting,
ðáñÜ ôá óçìáíôéêÜ ðëåïíåêôÞìáôá ðïõ ôïí
÷áñáêôçñßæïõí, ðáñïõóéÜæåé áõîçìÝíç åõáéóèç-
óßá ôüóï óôïí áëãüñéèìï áíß÷íåõóçò ïñßùí,
üóï êáé óôçí åðéëïãÞ ôïõ åýñïõò ôùí êåëéþí11-13.
ÊáôÜ óõíÝðåéá ç áîéüðéóôç áíÜëõóç ìéáò åé-
êüíáò åîáñôÜôáé åí ðïëëïßò áðü ôçí ïñèÞ åðé-
ëïãÞ ôïõ åýñïõò ôùí êåëéþí. Ãéá ôïí êáèïñé-
óìü ôïõ âÝëôéóôïõ åýñïõò Ýíáò Ýìðåéñïò ÷ñÞ-
óçò èá âáóéóôåß óôéò äéáóôÜóåéò ôçò åéêüíáò
êáé ôïõ õðü ìÝôñçóç áíôéêåéìÝíïõ, êáèþò êáé
óôçí ðñïóåêôéêÞ ìåëÝôç åíüò áñ÷éêïý ãñáöÞ-
ìáôïò ìå åêôåíÝò åýñïò êåëéþí (Åéê. 4). Ðñá-
êôéêþò, óôçí ðëåéïøçößá ôùí ðåñéðôþóåùí ç
óùóôÞ ìÝôñçóç ôçò fractal äéáóôÜóåùò ðñÝðåé
íá ãßíåôáé áðü ôï êåíôñéêü êáé ðëÝïí åõèý-
ãñáììï ôìÞìá ôçò ðñïêýðôïõóáò êáìðýëçò.

Ãéá ôçí ôåëéêÞ ìÝôñçóç, üôáí åßíáé åðéèõìç-
ôÞ ç ìÝãéóôç äõíáôÞ áêñßâåéá, åßíáé äõíáôÞ ç
åöáñìïãÞ áñéèìïý ìåôáêéíÞóåùí ôïõ ðëÝãìá-
ôïò, þóôå íá âñåèåß ï êáôÜ ôï äõíáôüí ìéêñü-
ôåñïò áñéèìüò “èåôéêþí” êåëéþí, üðùò áðáéôåß
ç èåùñçôéêÞ äéáôýðùóç ôçò ìåèüäïõ. Áí êáé
åßíáé åöéêôüò ï êáèïñéóìüò áðü ôïí ÷ñÞóôç
ôïõ áñéèìïý ôùí ìåôáêéíÞóåùí áíÜ äåäïìÝíï
ìÝãåèïò êåëéïý, ãåíéêþò óõíéóôÜôáé íá áêï-
ëïõèïýíôáé ïé ðñïôåéíüìåíåò áðü ôï ðñüãñáì-
ìá ñõèìßóåéò.

Óôá õðü áíÜðôõîç ìåëëïíôéêÜ ÷áñáêôçñé-
óôéêÜ ôïõ ðñïãñÜììáôïò ðåñéëáìâÜíåôáé ç áðï-

Åéêüíá 4. ÄéÜãñáììá Log(N)-Log(1/S). Äéá-
êñßíïíôáé ôá óçìåßá ðïõ áíôéóôïé÷ïýí óôéò ðá-
ñáôçñçèåßóåò ìåôñÞóåéò êáèþò êáé ç åõèåßá
åëá÷ßóôùí ôåôñáãþíùí. Ï õðïëïãéóìüò ôçò frac-
tal äéáóôÜóåùò ðñÝðåé íá ãßíåé áðü ôï êåíôñé-
êü, ðéï åõèýãñáììï ôìÞìá.

èÞêåõóç åéêüíùí ìå ìïñöÞ jpg, ç äõíáôüôçôá
ôáõôü÷ñïíçò ýðáñîçò ðïëëáðëþí äõáäéêþí
åðéðÝäùí áíÜëõóçò óôçí ßäéá åéêüíá, ç åöáñ-
ìïãÞ ôçò ìåèüäïõ Otsu ãéá ôçí áõôüìáôç áíåý-
ñåóç åíüò âÝëôéóôïõ ïõäïý êëáóìáôïðïßçóçò,
ç óõããñáöÞ áñ÷åßïõ âïçèåßáò êáèþò êáé ç
ðåñáéôÝñù âåëôéóôïðïßçóç ôùí ÷ñçóéìïðïéïý-
ìåíùí áëãïñßèìùí ãéá ìåßùóç ôïõ ÷ñüíïõ áíá-
ëýóåùò. ÔÝëïò, êáôáâÜëëåôáé ðñïóðÜèåéá åí-
óùìÜôùóçò êáé Üëëùí áëãïñßèìùí, åêôüò ôïõ
box-counting, ãéá ôïí õðïëïãéóìü ôçò fractal
äéáóôÜóåùò, üðùò åðß ðáñáäåßãìáôé ìåèüäùí
åðéöáíåßáò-ðåñéìÝôñïõ.

Ôï ðñüãñáììá Fractalyser ðáñÝ÷åôáé äùñåÜí,
ìÝóù äéáäéêôýïõ, ãéá åñåõíçôéêïýò óêïðïýò,
ìåôÜ áðü áßôçóç ôùí åíäéáöåñïìÝíùí óôç äéåý-
èõíóç çëåêôñïíéêïý ôá÷õäñïìåßïõ:
pavlopoulos@medscape.com.
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