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INTRODUCTION

Since its in ven tion about 30 years ago, fractal anal y sis has
proved to be very use ful, and is above all ap pli ca ble in the
geosciences. Fractal meth od ol o gies are ap pro pri ate where clas -
si cal ge om e try is not suit able for de scrib ing the ir reg u lar ob -
jects found in na ture (Mandelbrot, 1983). Frac tals are most eas -
ily de fined as geo met ric ob jects with a self-sim i lar prop erty,
which de fines that they re tain their shape un der any mag ni fi ca -
tion, i.e. they do not change shape with scale (Feder, 1988; An -
geles et al., 2004). An other fun da men tal prop erty is their
fractal di men sion (D), which yields im por tant in sights into the
phys i cal prop er ties of geo log i cal ma te ri als (Turcotte, 1992;
Dillon et al., 2001). It can oc cupy non-in te ger val ues, com -
pared to the in te ger val ues char ac ter is tic of Eu clid ean ob jects,
such as 3D cubes or 2D pla nar sur faces. As an ex am ple, a
well-known fractal ob ject, the Koch curve (Fig. 1), has a fractal 
di men sion of about 1.26, and there fore ex hib its prop er ties of
both 1D and 2D ob jects, as it fills more space than a line (D = 1) 

and less space than a sur face (D = 2). Use of fractal anal y ses
based on cal cu la tion of the fractal di men sion has found an ap -
pli ca tion in many fields, in clud ing ge ol ogy and geo phys ics
(Turcotte, 1992), spe le ol ogy (Kusumayudha et al., 2000), geo -
mor phol ogy (An geles et al., 2004), anal y sis of frac ture net -
works (Bon net et al., 2001), at mo spheric re search (Brewer and
Di Girolamo, 2006), river net works anal y sis (Schuller et al.,
2001), and also in other non-earth sci ences, such as med i cine,
space sci ences, phys ics, chem is try, eco nom ics, and oth ers.

As most fractal anal y sis soft ware is ei ther spe cial ized or
com mer cial, it is of ten hard to find ap pro pri ate pro grams to per -
form anal y ses. The fol low ing pa per de scribes the de sign, de -
tails of use and ap pli ca tions of the BCFD pro gram, de vel oped
for de ter mi na tion of the fractal di men sion of dig i tized ob jects
us ing a box-count ing al go rithm. The pro gram runs in the MS
Win dows en vi ron ment and is writ ten in Vi sual Ba sic 6.0. The
source code is freely avail able, with the free dom for mod i fi ca -
tion to meet the user’s pur poses or for on ward in te gra tion with
other soft ware pack ages, es pe cially us ing Vi sual Ba sic for Ap -
pli ca tions (VBA).



METHODS

ESTIMATION OF THE FRACTAL DIMENSION USING
THE BOX-COUNTING TECHNIQUE

There are many def i ni tions of di men sion, and also many
ways to at tempt their de ter mi na tion. The most com mon di men -
sions are the self-sim i lar ity, com pass and box-count ing di men -
sions, and the lat ter has the most ap pli ca tions in sci ence
(Peitgen et al., 2004). One should note that many nat u ral sys -
tems are self-af fine rather than strictly self-sim i lar and thus em -
pir i cally de rived box-count ing di men sions for these ob jects are 
only es ti mates of their true fractal di men sion. How ever, the
box-count ing di men sion is still prob a bly the most com monly
used, as the prin ci ple of its use is rather sim ple. The dig i tized
map of an ob ject (for in stance a river or frac ture net work) is
cov ered by boxes of dif fer ent side length “s”, and then the
num ber of oc cu pied boxes N (s) is counted for each box size
(Feder, 1988; Bon net et al., 2001). The pro cess is re peated by
re duc ing the box sizes by half their size (Fig. 1), with the larg est 
box de fined by the im age res o lu tion and the small est box oc cu -
py ing one pixel of com puter im age. For fractal ob jects, the
num ber of oc cu pied boxes N (s) fol lows the power-law re la -
tion ship with the box size s: N (s) · s–D and the fractal di men sion 
D is there fore cal cu lated as the slope of lin ear re gres sion
best-fit line of log-log data: D = – log N (s)/log s. 

A typ i cal log-log curve there fore rep re sents a per fectly lin -
ear re la tion ship of data points of the num ber of oc cu pied boxes
N (s) and the box size s. Such a per fect re la tion ship is valid only 
for ideal math e mat i cal frac tals such as the Koch curve de -
scribed (Fig. 1). Math e mat i cal frac tals are by def i ni tion con -
structed from a set of rules, in con trast to nat u ral frac tals, and
do not in volve any ran dom pro cesses such as geo log i cal pro -

cesses. Nat u ral frac tals can be clas si fied as sta tis ti cal frac tals,
which are not strictly self-sim i lar and do not pre serve their
shape across all scales as do math e mat i cal frac tals. Sta tis ti cal
frac tals have only their nu mer i cal or sta tis ti cal mea sures pre -
served across all scales, and this mea sure is rep re sented by the
fractal di men sion. The re la tion ship of log N (s)–log s data plots
on the graph as a per fect line for math e mat i cal frac tals. 

De spite the ap par ent sim plic ity of the box-count ing
method, us ers should be aware of the po ten tial pit falls of the
box-count ing tech nique, es pe cially for real geo log i cal data. If
the cor re la tion of log N (s)–log s data plots on the graph as a
curve and not as a line (which is typ i cal for nat u ral frac tals),
only the valid range (the lin ear part of the curve) should be ex -
am ined. In ad di tion, the un mapped space out side the stud ied
area should not be in cluded in the anal y sis and the im age ex am -
ined must there fore be em braced com pletely within this area
(Walsh and Watterson, 1993). Most com mon de vi a tions from a 
line of log N (s)–log s data plots oc cur as a re sult of trun ca tion
and cen sor ing ef fects. Trun ca tion oc curs as a shallowing of the
line’s slope at the lower end of the scale range, as for real data,
and the num ber of smaller ob jects (e.g., frac tures) be low some
thresh old val ues can be un der-sam pled. On the other hand, cen -
sor ing oc curs if the ob jects ana lysed pass out side the ob served
re gion, caus ing steep en ing of the curve in plots at the up per end 
of the scale range (Bon net et al., 2001). These ef fects are eas ily
seen in the log-log plots, and are for the pur pose of sim plic ity
not im ple mented in the pro gram cal cu la tions. To cor rectly de -
ter mine the fractal di men sions of real geo log i cal ob jects, cal cu -
la tions must be car ried out care fully, and the fractal struc ture
should be not only cal cu lated but also ver i fied af ter wards by
ex am i na tion of the log-log plots.

It is nec es sary to com ment that the val ues of fractal di men -
sions of river and frac ture net works used as geo log i cal ex am -
ples in this pa per are pre sented for both meth ods of box-count -
ing: the com plete one, us ing all data points in the log-log plots
(as cal cu lated by BCFD), and the lin ear one, us ing only the lin -
ear part of the log-log plots (later de ter mined vi su ally in MS Ex -
cel). It is not the main goal of this pa per to dis cuss the mean ing
of the ex act val ues of fractal di men sions for dif fer ent geo log i -
cal data, so the user must ex am ine the data care fully to ana lyse
only the fractal part.

PROGRAM DESIGN

Af ter open ing the file, the pro gram reads the header of the
BMP im age. It first checks the im age for BMP for mat and

looks for proper col our depth and res o lu tion (width ́  height). If 
any of these pa ram e ters do not match ap pro pri ate val ues, the
pro gram warns the user of the er ror type and ex its. Af ter check -
ing the file, the pro gram con se quently reads the im age into dy -
namic mem ory ar ray (pixel ()) by scan ning each row start ing
from lower left to up per right cor ner (Fig. 2). Ev ery byte is con -
verted into eight bits of im age ob ject in for ma tion. A bit value of 
zero rep re sents white im age back ground and a value of one
rep re sents the black pixel of the ob ject. A hex a dec i mal value of
81h (10000001 bi nary) there fore rep re sents the ob ject oc cu py -
ing the first and the last bits (byte 34 in Fig. 2). The ob ject is
thus read into the vir tual screen with the same res o lu tion as the
im age. Af ter the ob ject has been read into the ar ray, the
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Fig. 1. Box-count ing tech nique

Only the oc cu pied boxes are shown cov er ing the Koch curve (D =
1.2618); A — 4 boxes (step 2), B — 6 boxes (step 3), C — 20 boxes
(step 4) and D — 44 boxes (step 5); the first step (one box) is not
shown; see also Ta ble 1



box-count ing is per formed by sub di vid ing the im age into
smaller boxes, and in each of them the pix els of the ar ray are
scanned from the lower left to up per right cor ner of the box. If
at least one ob ject part (marked by a bit value of 1) is found, the
box is re garded as oc cu pied. As the scan ning of each of smaller
boxes reaches the end of the ar ray, the size of boxes is re duced
by half and scan ning is re peated. The pro cess is com plete when 

all the boxes of one pixel size are scanned. The pix els on the
box edges are scanned only once.

Fi nally, the fractal di men sion (D) and squared value of
Pearson’s cor re la tion co ef fi cient (R2), which il lus trates the
good ness of fit (Borradaile, 2003), are cal cu lated. D is cal cu -
lated as a neg a tive value of the slope of the best lin ear-fit re -

gres sion line ( )( )[ ] [ ]D x x y y x s= - - - -å å/
2

. In

MS Ex cel, both val ues are cal cu lated by in ter nal func tions, D
by the SLOPE func tion and R2 by the RSQ func tion.

Due to the na ture of the pro gram, only one-bit (two-col our
black and white) un com pressed bitmap files (*.BMP) are sup -

ported as in put files. Sup ported im age res o lu tions are 256 ́  256,

512 ´ 512, 1.024 ´ 1.024, 2.048 ´ 2.048 and 4.096 ´ 4.096 pix -
els. The min i mum value is cho sen as such be cause im ages of
lower res o lu tion can not faith fully rep re sent fractal and nat u ral
ob jects, and im ages greater than the max i mum value are slow to
pro cess and are sel dom used. The sup ported res o lu tions can eas -
ily be added or changed in a sin gle line (Case 4096, 2048, 1024,
512, 256) of code in the sub rou tine CheckResolution().

Out put re sults are given as a ta ble of box sizes s and cor re -
spond ing num ber of oc cu pied boxes N (s) plus the D and R2

val ues. These re sults are writ ten on screen and into the text
(*.txt) file. If the checkbox “Write to Ex cel file” be low the
Open but ton is turned on, out put is also sent di rectly into an MS
Ex cel spread sheet, with di rect cal cu la tion of D and R2. Both
files are writ ten in the same folder as the ana lysed im age, and
the file names are pre sented in the BCFD out put screen (Fig. 3). 
Out put to Ex cel is sup ported and pre ferred, as it is pos si ble to
fur ther rep re sent the data on charts, in clude them into other cal -
cu la tions or to check the slope of fit ted data for trun ca tion or
cen sor ing ef fects (Bon net el al., 2001).
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Fig. 2. Ex am ple im age of 32 ´ 32 pix els, read by pro gram
into 128 bytes from lower left to up per right cor ner

Val ues of 1 rep re sent ob jects, and 0 back ground

Fig. 3. Screenshot of the pro gram BCFD and MS Ex cel with fin ished re sults



The pro gram is writ ten in Vi sual Ba sic (VB), ver sion 6.0.
This lan guage has be come one of the world’s most widely used 
pro gram ming lan guages due to its sim plic ity and ease of use.
Even if BCFD is in tended to run as a stand-alone pro gram, it
can straight for wardly be in te grated into var i ous ap pli ca tions by 
Vi sual Ba sic for Ap pli ca tions (VBA). This rep re sents a ver sion
of the VB lan guage in te grated into ap pli ca tions, which does not 
per mit de vel op ment of stand-alone ex e cut able files. It is fully
com pat i ble with Vi sual Ba sic and is in tended for the au tom a ti -
za tion and cus tom iz ation of ap pli ca tions in other pro grams
(Hart-Da vis, 1999). VBA or com pat i ble ver sions of Vi sual Ba -
sic power, for ex am ple, some of the most known pop u lar soft -
ware, such as Microsoft Of fice, AutoCAD (AutoDesk, Inc.),
Statistica (StatSoft, Inc.), Adobe Photoshop (Adobe, Inc.),

Surfer (Golden Soft ware, Inc.), ArcGIS (ESRI, Inc.), and many
oth ers. The code can be also be trans ferred to other ver sions of
Vi sual Ba sic, such as the 2005 ver sion or the NET plat form
(Pat rick et al., 2006), with out mod i fi ca tion or with only mi nor
mod i fi ca tions.

RESULTS AND DISCUSSION

ANALYSIS OF MATHEMATICAL FRACTAL TEST DATA
AND EUCLIDEAN OBJECTS

The pro gram has been tested with sev eral im ages (Fig. 4):
three frac tals and three Eu clid ean ob jects with known fractal

244 Timotej Verbovšek

Fig. 4. An a lysed im ages (ex am ple files in the folder “test_data”)

A — point (en larged), B — line, C — filled square, D — Sierpinski car pet, E — Koch curve, F — Can tor’s dust (en larged), G — nat u ral river
net work ex am ple, H — nat u ral frac ture net work ex am ple no. 1 (see Fig. 5A), I — nat u ral frac ture net work ex am ple no. 2 (see Fig. 5B)



di men sions plus three nat u ral ob jects, de scribed in the next sec -
tion. The first com prise fa mil iar self-sim i lar fractal ob jects: the
Sierpinski car pet (Fig. 4D), the Koch curve (Fig. 4E), and Can -
tor’s dust (Fig. 4F). These frac tals have non-in te gral di men -
sions and are con structed by an in fi nite se ries of it er a tions
(Feder, 1988; Peitgen et al., 2004), so they be long to the group
of strictly self-sim i lar math e mat i cal ob jects. All tested im ages

have a res o lu tion of 2.048 ́  2.048 pix els. This res o lu tion is suf -
fi cient to al low faith ful rep re sen ta tion of fractal ob jects by
seven it er a tion steps, so the small est ir reg u lar ity on the frac tals
is equal to or smaller than one pixel of the im age. This re quire -
ment is im por tant, as the num ber of it er a tions af fects the value
of D, and too small a num ber of it er a tions yields in fe rior re sults
(Dillon et al., 2001). Eu clid ean ob jects with in te gral di men -
sions, used as ex am ples, in clude a point (Fig. 4A), a line
(Fig. 4B) and a filled square (Fig. 4C).

Re sults (Ta ble 1) show that the pro gram cal cu lates the
fractal di men sion (Dc) with per fect or very high ac cu racy. De -
vi a tions from ideal di men sion val ues (Dt) can be at trib uted to
two facts. First, all tested frac tals are, by def i ni tion, self-sim i lar
ob jects con structed by an in fi nite num ber of it er a tions, and in
the ex am ple im ages only the first seven it er a tions are shown.
As the pixel size achieved on mon i tor is not in fi nitely small, to
al low rep re sen ta tion of all it er a tions, some mi nor er ror is al -
ways pres ent. Sec ondly, sev eral frac tals such as Koch curve are 
tri an gu lar ob jects and are there fore im pos si ble to rep re sent
faith fully on the square grid of the com puter screen or ar ray.

ANALYSIS OF NATURAL GEOLOGICAL DATA

Nat u ral data rep re sent ing a river chan nel net work and two
frac ture net works were ana lysed in or der to pres ent some geo -
log i cal ex am ples of the pro gram ap pli ca tion. The first ex am ple
is a nat u ral river net work (Fig. 4G), dig i tized from top o graph i -

cal maps1. The area of the im age cov ers about 8.8 ´ 8.8 km in
south-west Slovenia. The river net work is de vel oped in flysch

rocks of Ter tiary age, com posed mostly of low-per me abil ity
rocks (marls, mudstones and sand stones). The the o ret i cal lim its 
of fractal di men sions for river net works are 1 (sin gle straight
chan nels) and 2, which would im ply a fully braided river, fill -
ing the com plete ter rain. How ever, the ex pected di men sions are 
lower than 2, be cause of the geo log i cal, top o log i cal and hy dro -
log i cal re straints that re duce the abil ity of the stream net work to 
de velop fully (Schuller et al., 2001). Skel e tal im ages of rivers
were used in stead of com plete dig i tized im ages, as they are
likely to pro vide better ma te rial to es ti mate the fractal di men -
sion then the orig i nal im ages (Foroutan-pour et al., 1999).

The ob tained value of D (Ta ble 1) for nat u ral river net -
works (D = 1.36) is in agree ment with di men sions for river net -
works, which can vary widely (1.28–1.71 ac cord ing to the
method used; Schuller et al., 2001). Vari a tions oc cur be cause
of the self-af fine prop er ties of river net works. The fractal di -
men sion and self-sim i lar or self-af fine prop er ties ob tained from 
im age anal y sis can be fur ther ap plied to an un der stand ing of the 
be hav iour of river net work de vel op ment and the flu vial ero sion 
to pog ra phy which in flu ences the net works (Veneziano and
Niemann, 2000). If the log-log plots are af ter wards ana lysed vi -
su ally, the fractal di men sions can be higher for only the lin ear
part of the curve. How ever, the dis cus sion on ex act val ues of
dif fer ent fractal prop er ties of rivers or other data and the vi sual
in spec tion are not the fo cus of this pa per, and the ver i fi ca tion of 
the fractal struc ture must be car ried out by the user, based on
the data it self. The user must for in stance de cide which data
points of the curve to use, and this de ci sion can be very sub jec -
tive and can not be di rectly im ple mented in the pro gram code.
The same note ap plies to the fol low ing cal cu la tions of fractal
di men sions of frac ture net works. Pro gram BCFD should be
there fore viewed as an open-source start ing point code with
fur ther pos si ble mod i fi ca tions and up grades.

Two geo log i cal ex am ples of ana lysed nat u ral frac ture net -
works are also given. They are ob tained from the “Main” do lo -
mite (anal o gous to Ger man Hauptdolomit or Ital ian Dolomia
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T a  b l e  1

Ex am ple ob jects (Fig. 4) with their the o ret i cal (Dt) and cal cu lated (Dc) di men sions, 
co ef fi cient of de ter mi na tion (R2) and dif fer ence (dif.) be tween Dt and Dc

Ob ject type Ob ject Dt Dc R2 dif. [%]

Fractal Can tor’s dust 0.6309 (= log2/log3) 0.6367 0.9784 0.92

Fractal Koch curve 1.2618 (= log4/log3) 1.2494 0.9981 –0.99

Fractal Sierpinski car pet 1.8928 (= log8/log3) 1.8994 0.9997 0.35

Eu clid ean point 0 0.0000 – 0.00

Eu clid ean line 1 1.0000 1.0000 0.00

Eu clid ean filled square 2 2.0000 1.0000 0.00

Nat u ral river net work (be tween 1 and 2) 1.3625 0.9699 –

Nat u ral frac ture net work 1 (be tween 1 and 2) 1.5111 0.9744 –

Nat u ral frac ture net work 2 (be tween 1 and 2) 1.5254 0.9750 –

1 EUROWATERNET http://nfp-si.eionet.eu.int/ewnsi/ (accessed on 21.05.2004) and http://eionet-si.arso.gov.si/Dokumenti/GIS/voda/index_eng.htm
(accessed on 18.09.2007)



Principale) of Up per Tri as sic age (Verbovšek, 2008) in South -
ern Slovenia. Frac ture net works were ob tained by pho to graph -
ing the do lo mite out crops, where frac tures were well ex posed
(Fig. 5A, B), and the traces of the frac tures were fur ther dig i -
tized into vec tor for mat. The width of the su per im posed lines in 
the pho to graphs is 40 times larger than the one ac tu ally used in
dig i ta li za tion, to make the frac tures vis i ble on the pho to graphs.
The width of both pho to graphs is ap prox i mately 32 cm. Frac -
tures are dig i tized in side a square in stead of in side a com plete
pho to graph ow ing to box-count ing re quire ments. Vec tor for -
mat im ages were fur ther con verted into 1-bit BMP im ages,
used for pro cess ing in the BCFD pro gram.

The val ues of D for nat u ral frac ture net works (D1 = 1.51
and D2 = 1.53) are al most iden ti cal (av er age value Dav = 1.52)
and are in agree ment with the val ues of frac ture net works given 
in a re view pa per by Bon net et al. (2001). In some tec tonic en -
vi ron ments, sev eral gen er a tions of frac tur ing can af fect the
rocks, and thus each gen er a tion of frac tures is youn ger than the
pre vi ous ones. Anal y sis of sep a rate frac ture char ac ter is tics
from one gen er a tion to the next re veals the frac ture net works’
de vel op ment. Ob ser va tions by Barton (1995) show that the
first-gen er a tion frac tures are long and subparallel and net work
con nec tiv ity is poor. Sec ond-gen er a tion frac tures are shorter
and form po lyg o nal blocks with first-gen er a tion frac tures.
Youn ger frac tures are gen er ally shorter, var i ously ori ented,
and form small po lyg o nal blocks. Ad di tion of youn ger frac -
tures there fore con trib utes to an in crease in the fractal di men -

sion of the com plete net work, as first-gen er a tion subparallel
frac tures ex hibit low fractal di men sions, which in crease with
the ad di tion of many smaller ones of later gen er a tions. The in -
flu ence of frac ture net work evo lu tion can pos si bly be tested in
the lab o ra tory or by phys i cal ex per i ments rather than in the
field on exposures of do lo mite rocks. When out crops are, for
ex am ple, in ad e quately ex posed or frac tures are af fected by
min eral in fill ings, this ap proach be comes in op er a ble (Barton,
1995). Ad di tion ally, the tec tonic stresses for each frac tur ing
ep i sode (from the old est to the youn gest) should be known, and 
these data are mostly un avail able. The val ues of fractal di men -
sions of frac tures net works in dolomites are there fore pre sented 
as a sim ple ex am ple of com plete net works, as it was not pos si -
ble to di vide the frac tures into sep a rate gen er a tions.

The val ues of fractal di men sions of nat u ral frac ture net -
works can be fur ther used as a pa ram e ter or ana lysed in sev eral
fields of ge ol ogy. The first ex am ples can be found in the field
of en gi neer ing ge ol ogy, where they are used to ana lyse the
rough ness of rock or soil par ti cles and rock sur faces, to ana lyse
the dis tri bu tion of rock frag ments re sult ing from blast ing, or to
de scribe the sta tis ti cal ho mo ge ne ity of jointed rock masses
(Vallejo, 1997). A sec ond ap pli ca tion can be found in the study
of un der ground wa ter flow and trans port in frac tured rocks
based on the interconnectivity and dis tri bu tion of frac tures and
the in flu ence of these two fac tors on per me abil ity. It has been
rec og nized that the flow di men sion ob tained from the well-test
pres sure curve is a func tion of the geo met ri cal fractal di men -
sion and these geo met ri cal fractal di men sions are al ways equal
to or greater than the flow di men sion (Polek et al., 1990;
Doughty and Karasaki, 2002). It is the flow di men sion that
should be used to char ac ter ize a net work’s be hav iour dur ing
well tests. Knowl edge of the geo met ri cal fractal di men sion,
which can be ac quired by the box-count ing method, is there -
fore of great im por tance in un der stand ing fluid flow and trans -
port in frac tured rocks. To il lus trate the ap pli ca bil ity of the geo -
met ri cal di men sion, we can ex trap o late the ob tained two-di -
men sional av er age value of the geo met ri cal fractal di men sion
of frac ture net works D = 1.52 to three di men sions. Ex trap o la -
tion can be car ried out us ing the for mula D3D = D2D + 1 to ob -
tain a value of D3D = 2.52, as the in ter sec tion of a 3D fractal
with a plane re sults in a fractal with D2D equal to D3D – 1
(Barton, 1995; Bon net et al., 2001). The ex trap o la tion is valid
for non-math e mat i cal and iso tro pic frac tals, and frac tures in in -
tensely frac tured dolomites are in deed close to this ide al iza tion. 
From these re sults we can there fore con clude that the flow di -
men sion de scrib ing the ge om e try of wa ter flow to wards the
wa ter well (Barker, 1988) can reach a max i mum value of D3D =
2.52 in the dolomites an a lysed  due to chan nel ling ef fects
(Polek et al., 1990; Doughty and Karasaki, 2002). For a more
de tailed anal y sis of these ap pli ca tions, more frac ture net works
should cer tainly be stud ied and checked for trun ca tion and cen -
sor ing ef fects, as only two ex am ples are used in this pa per to il -
lus trate the ap pli ca bil ity.

INFLUENCE OF IMAGE RESOLUTION
ON THE RESULTS

Im age res o lu tion does not greatly in flu ence the cal cu lated
val ues of Dc (Ta ble 2), as shown for the ex am ple of the
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Fig. 5. Pho to graphs of do lo mite ex po sures with su per im posed
dig i tized frac ture net work traces



Sierpinski car pet. An orig i nal im age with a res o lu tion of 6.561
× 6.561 pix els was scaled down in five steps for the anal y sis.
The co ef fi cient of de ter mi na tion is very high in all cases and
the dif fer ence dif. (= 100*(Dc–Dt)/Dt) does not show any in -
creas ing or de creas ing trend, al though the de vi a tion is high est
for the low est res o lu tion. As R2 is very high for all res o lu tions,
it can be con cluded that the fractal di men sion is more or less the 
same and hence in de pend ent of the im age res o lu tion. This is in
agree ment with ob ser va tions (e.g., Dillon et al., 2001), which
state that ob jects with the same form but of dif fer ent size should 
re tain a con stant fractal di men sion. Yet, when us ing dig i tized
maps of nat u ral ob jects, it is better to use high-res o lu tion im -
ages, as these cap ture more de tails. Cal cu lated val ues of Dc for
all Eu clid ean ob jects are equal to the o ret i cal ones.

COMPARISON WITH OTHER AVAILABLE
BOX-COUNTING PROGRAMS

Very few box-count ing pro grams are freely avail able on
the internet. Many au thors of the works dis cussed in the fol -
low ing para graphs do not men tion ei ther the method or the pro -
gram used for cal cu lat ing the box-di men sion. There fore a com -
par i son of BCFD with other pro grams can not be made faith -
fully, or per haps can not be made at all. A short com par i son
with other pro grams is given in the fol low ing para graphs.

The pro gram Fractal Di men sion Cal cu la tion Soft ware
(Foroutan-Pour et al., 1999) is avail able for Ap ple Macintosh
com put ers. There fore for rea sons of in com pat i bil ity it can not
be tested in the MS Win dows en vi ron ment.

An geles et al. (2004) have de vel oped a spe cial ized func tion 
in MATLAB2 soft ware for au to matic box-count ing. Their code
is not freely avail able. In the code they have de vel oped spe cific
cri te ria to avoid the dou ble count ing of points that fall on box
sides. In BCFD code, the code is de signed in such a way that
dou ble count ing is not pos si ble.

Tang and Marangoni (2006) used the 2D and 3D al go -
rithms that are now part of the com mer cial TruSoft3 soft ware
(pro grams 3D-FD and Benoit). In ad di tion, they also used the

mass di men sion method, which is not com pa ra ble to the
box-count ing method.

Fractscript (Dillon et al., 2001) is a macro de vel oped for
fractal anal y sis of mul ti ple ob jects as part of the free
ImageTool4 pack age. It is writ ten in a di a lect lan guage of
Pascal and re quires ImageTool to be in stalled. When com pared 
with BCFD, the lat ter can be im ple mented in a much broader
range of soft ware, as Vi sual Basic lan guage is in te grated as
VBA in a much broader spec trum of pro grams, as de scribed in
Sec tion 2.2, than ImageTool and Pascal.

Al though these pro grams are not di rectly com pa ra ble with
BCFD due to the dif fer ent meth ods or dif fer ent com puter codes 
used, it is most likely that BCFD code is eas ier to in te grate into
other pro grams as it uses Vi sual Ba sic and gives out put di rectly
into MS Ex cel.

There fore, the only strictly com pa ra ble pro gram is VSBC
(Vi sual Screen Box-Count ing; Gonzato, 1998). It is writ ten in C 
lan guage and uses PCX im age for mat, which is now vir tu ally
ob so lete. The pro gram is small, fast and easy to use; how ever,
in some cases it gives er ro ne ous re sults. An im age of the Koch
curve (Fig. 4E) is used as an ex am ple. If the im age is ro tated by
90 de grees, the re sults of box-count ing should be the same for
all four ro ta tions, as the im age has the same width and height.
BCFD cal cu lates the num ber of oc cu pied boxes for all ro ta tions 
equally (N = 16.899), but VSBC gives dif fer ent val ues (N =

23.043 for 0° and 180° an gles and N = 23.380 for 90° and 270°
an gles). BCFD there fore ful fills the qual ity re quire ment that
the ob ject’s fi nal value must be in de pend ent of ro ta tion and re -
flec tion (Dillon et al., 2001). The cal cu lated fractal di men sion
value pro duced by BCFD (D = 1.25) is also much closer to the
the o ret i cal value (D = 1.26) than is that pro duced by VSBC (D = 

1.33 for 0° and 180° an gles or D = 1.31 for 90° and 270° an -
gles). Sim i lar con clu sions can be made for R2, al though val ues
pro duced by both pro grams are very high. Im age res o lu tion can 
be changed in VSBC only in the C source code, whereas BCFD
de ter mines box sizes from the im age it self. VSBC also has
prob lems with cal cu la tions for sin gle point (Fig. 4A), as it out -
puts the num ber of oc cu pied boxes as zero, one or two for dif -
fer ent box sizes, and the true val ues, cal cu lated by BCFD, are
one (sin gle point oc cu pied) for all cases.

CONCLUSIONS

The BCFD pro gram was shown to per form box-count ing
anal y sis with high ac cu racy. It has been tested ex ten sively with
sev eral ob jects (fractal, Eu clid ean, and three nat u ral geo log i cal
ex am ples — river chan nels and two frac ture net works). Ap pli ca -
tion of data val ues ob tained has been pre sented with a few ex am -
ples. The pro gram gives re sults very close or equal to the o ret i -
cally ex pected val ues. It is user-friendly and uti lizes BMP for -
mat, avail able to most graphic pro grams. As the source code is
freely avail able, it can eas ily be mod i fied or in te grated into any

BCFD — a Visual Basic program for calculation of the fractal dimension of digitized geological image data using a box-counting technique 247

T a  b l e  2

In flu ence of im age res o lu tion on cal cu lated di men sion

Res o lu tion Dc R2 dif. [%]

256 ´ 256 1.8656 0.9985 –1.44  

512 ´ 512 1.8881 0.9991 –0.25 

1.024 ´ 1.024 1.8946 0.9995 0.10

2.048 ´ 2.048 1.8994 0.9997 0.35

4.096 ´ 4.096 1.8967 0.9997 0.21

Ex am ple for Sierpinski car pet (Dt = 1.8928, Fig. 4D); 
for no ta tion see Ta ble 1 

2 The MathWorks Inc., http://www.mathworks.com.
3 TruSoft International Inc., http://www.trusoft.netmegs.com.
4 UTHSCSA ImageTool, http://ddsdx.uthscsa.edu/dig/itdesc.html.



im age anal y sis soft ware that uses Vi sual Ba sic for Ap pli ca tions
(VBA) or a compatible lan guage as a back ground en gine. As Vi -
sual Ba sic pow ers the ma jor ity of to day’s soft ware ap pli ca tions,
the pro gram can be used broadly, ei ther as a stand-alone or in te -
grated ver sion. It will there fore hope fully be of use to all
geoscientists deal ing with fractal anal y ses of im ages.

The pro gram (ex e cut able ver sion, test files, source code,
and other files) is avail able on http://www.geo.ntf.uni-lj.
si/tverbovsek/ programi.html

Ac knowl edg ments. The au thor thanks G. Gonzato for pro -
vid ing the ex e cut able ver sion of the VSBC pro gram and D. J.
Lowe and oth ers for smooth ing the Eng lish ver sion of the text.
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