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Abstract - The analsis of images fran the fractalviewpoint is very complex and i is not completely
explored.It deals with fractal aopression techniquesnainly. In order 6 explore anothe aspet of this
problem, this pape suggess to estmate Hurst indices for scannedages and for their codegersions. Their
variatiors represehan indication of the type of a process obtained in data transfer, i.e. imroonication
traffic. The results show that this process shoulthbéeled as aultifractal one.
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1 Introduction 2 ProblanStatenent

The fractal anakis of traffic in the The main problen in estmating the fractal
communication netwoks becane one of the hottest dimension of images is how to fid a proper
research topicdt is evident tha data traffic exhibits procedure for thegray scale ones. Héng in mind the
a lorg rarge dependenc(LRD), and is wdlmodelled traffic obtainel in transfer of still mages and
by an ON/OFF process whose ON and OFF perioégplorig the influence of different coding
are heary tailed. Usual representations of thoséechniquesit is corvenient to use scannechages. It
processsare given by their Hurst exponents$. The should be noted that thevdge sgnd magnitude is a
estmation of H may be obtaind appling different positive real value, leadig to the norzero mean
procedures [1]. As it iknown the LRD proces is value. As a consequence [7,8], such a process, if
governal by spectral conponents at low frequencies.fractal, could be oglmultifractal.

For generd processes, such as traffic strsa It is worth mentionirg tha fractd means
obtained in traffic control, shoterm variatiors are “breaking in order to create irgelar fragments” [7].
very important, too. This is the reasdor intensive It can be described as a procedsrepeatig an
investgations in themultifractal damain, accounting identical motif on a dminishing scale. Asit is
for the short tine behaiour [2-4] of processes. irregular, it is present in nature. Sedfmilarity is
defined in sets and, strigtlspe&ing, represerst a

desgn, as well as in creatinthe applications it is union of distinct, noroverlappirg copies of itself,

importart to understand the reasons for the fraCtagr%Zrl]leroIth\/]h:JCn[} h?/io:)k?r?n V;;?Ierd dsocvzl?é ﬁ raetlso
propery. It is interestig to research the influence of:, . . V- <ing gray sc nages,
is possible to define aneasure, in tls case

. : i
encodilg techniques to contents of data, and fméetemining the image magnitude in te space

VAvrr:]%t:gero![th:rasd’ugissctr?gmfgccﬁaag;psfrthgdl_[sl]j domain. This is the wy of extendiny _seIFsimiIarity
paranetersmay be useful [6]. from sets tlanea_sures,_ i.e. towardsultifractals.
As multimedia traffic is expected to be fractal, the

This paper concernsvarious mages fran the Hurg index is chosen as an indication for the LRD
fractal viewpoint. The scannedersiors of images propery. Among the most popula estimation
were anafzed. Hurst indices for twoypes of coding procedurs for it are the R/S statistics, the index of
schenes hae been estiated The aim was to dispersimm (IDC) ard the periodgram [1]. So, the
investgate how thevalue of H charges. Accordig to three were used herdt is known tha the LRD
the obtained resultsa fractatmultifractd dilemma propery is usualy investgated in rather long
for images is discussed. sequenceslt should be not tha a shortterm

In order to decrease the prabkein the network
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behaiour points out to local sgularities, lage rapid
variatiors in magnitude, and thus it isniportant in
the traffic analsis.

Tagqu Teverovsky and Willinger investgated

how to detemine whether a process is accuratelge

modelled ly selfsimilar or by multifractal ore [4].
They gave the explicit relatios describirg how to

make a decision. For the nemegative stationary g
sequence X, the correspongliaggregated sequence, &

with level of aggregation m, obtained @ dividing the
original series into nofverlappirg blodks of size m,
and aeraging over each blok, is:

x ()= L gx(i)
M i=f=)m

Proces X is multifractal if the l@arithms of the
absolutemoments scale lineaylwith the Iaarithm of
the agregation level, m. In order to disceer whether
a process isnultifractal, it is sufficiert to examine
first four moments. Tle additiond condition that
scalirg exponent in that relatiors linear in moment
order, assures sedimilarity propery.

3 Simulation Results

The smulations hae been done withvarious

explanation for a nonreliable result. Thismage is
strictly self-similar, while the others used here are
fractal which mears that theg/ contain sme random
structure.

(d) o,
Fig. 1. (a) Sierpinski carpet; (b) fractal forgef planet
rise; (c) Santorini 1; (d) Santorini 2.

(©)

Table 1. Hurst index estiations.

types of mages, Fg. 1. The fir$ image is artificially
generatd accordig to Polish mathematician

Sierpinki, and isknown ly the nane the Sierpini

carpet. The second and the thirthgiatiors are gray

scak versiors of the fractal foigery of the planet rise

ard the landscape fro Santorini island. Themage

named Santorini 2 is obtained as a conteersion of

a smilar landscape. Three frequentused images,

HRS Hper HIDC
Sierpini carpet | 0.52260 | 0.87880 | 0.91442
Santorini 1 0.95104 | 0.98158 | 0.80590
Santorini 2 0.90782 | 0.71580 | 0.73196
‘planet rise’ 0.68300 | * 0.66560
medical mage 0.80916 | 0.92752 | 0.73196
baboon 0.89445| 0.83348 | 0.83165
Lena 0.77947| 0.70510 | 0.83696

medical (representmcells), baboon and Lena, vea
been exmined, too. The danensiors of all images are
256x256 pixels, magnitudes spas on (0-blad,1-
white) interval, with 64 gray levels. Scannegersions
are used for estiation of the Hurst exponents.

It is worthmentionirg that the Sierping carpet is
a binary image. It is present in ahost every paper
dealirg with fractals. It is stricty selfsimilar, with
dimension Dg=1.89 [8]. This restlis obtainel by

analzing the procedue of making the scaled copies
of a rectamular. It is hard to put selfimilarity
dimensia into connection with fractal diensions
obtained in other procedures [7].

Table 1contains thevalues for the R/S statistics
(Hrs), period@ram (H,e) and the index of dispersion
(Hipc) method. Differences in thestimated values
obtained l the threemethods are aomon in this
domain. It should be noted thairs for the Sierpinki
carpe is rather low compared to two other results.
This is a binay image, so the R/$nethod is based on
statistic of only two levels, which may be the

estmated valueH >1.

In order tomake an ingght in how common
coding techniques chaye fractal properties, discrete
cosine transfon (DCT) has been applied to each
image. The spectrun obtained is split into 16 blés
accordig to Fig. 2. Blodks are successiely removed
in the deggned order: 19. For such mages, Hurst
exponents are estated. SoH; denotes the exponent
for the mage with all bloks removed fran 1 to j
(=1,2,...,9), accordigto Fig. 2.

LL |0[9]|8|7
9/6|5|4
8|5|3]|2
714121 HH
Fig. 2. Splitting of the DCBpectrum of images into
blocks.

Table 2 contains the estations fo Hurg indices
(R/S statistics) for the aginal image, as well as for
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the reduced spectrum images. With the exception wfo pictures: Sierpinski carpet and the ‘planet rise’.
the Santorini 1 image, differences are negligible. WEhe error increase depends on the spectral content of
can conclude that these images have significant lam image. Comparing the results from Table 2 and
frequency components. A low frequency spectrumfig. 4, no connection of the Hurst exponent and the
determines the fractal property, so it should berror may be derived. The question is whether a
pointed out that this is the domain of the selfscanned image is self-similar, and thus the Hurst
similarity. The Santorini 1 image has small detailgxponent is sufficient for its representation, or is it
which are the scaled versions of the big ones and tmexessary to use multifractal model.

are important for the fractal behaviour. These details ™, | 5E3  ermor
have spectral components located at high frequenciegg,
By removing them image becomes (almost Sierpinski Carpet s ‘planet rise’
unchangeable, from the fractal property viewpoint. ’
The variations of the Hurst exponent at high
frequencies indicate the multifractal property of an
image. The last row in Table 2 contains the absolu 1E3
error due to the coding procedure, normalized to th 0 removed blocks
image size (256x256 pixels). 12 5 12 5
Table 2. Hurst indices for reduced spectrum images. (a) (b)

Sclgg:;' S?\'l"ct)oj':'m 'prliiget S?\'l"ct)ozr'm Fig. 4. Normalized absolute error for the two images.
Horig | 0.52260 | 0.95104] 0.68300) 0.90782  (yitarig for distinguishing the self-similar and
E ; gggﬁi ggﬁié 822322 gggggg m_ultifractal processes, as described in Section 2 of
H3 052057 | 0.800511 068544 091003 thls_paper, are based on al_bsolute moments a_md the
H9 052122 | 076988 | 0.68920 091038 scaling exponent [4]. The linear dependen_cy in the
error (9) > 5E-2 5E-3 6E-4 1E-1 log-log version of moments as functions of

aggregation levels, is crucial. It is easy to prove that

Fig. 3. contains images obtained by removing tﬁsgear property in the second moment produces the

s : : ame dependency in the IDC on the logarithm of the
block denoted as ‘1’ (the first row) in the DCTaggregation level.

domain. The second row in Fig. 3 contains two In order to investigate the multifractal property,

Images obtained If only t.he block denoted as .Othe log-log version of the IDC, Fig. 5.a, is presented.
remained. Errors for few Images pTOduced keeplr}g linear slope is evident for aggregation levels in
only that part of spectrum, are given in Table 2. range (10,100). At the ends, the plot is non-linear.
According to the IDC, the scanned image Santorini 1,
may be multifractal, as well as self-similar, too. From
the slope of the scattered plot, obtained by linear
regression method, it is possible to estimate the Hurst
exponent [1], as it is labelled on the plot.

The behaviour of the Hurst exponent should be
investigated through the log-log version of the R/S
plot, Fig. 5.b, too. Its slope determines the Hurst
exponent. Scattered points indicate high irregularities
in H, especially for high aggregation levels. This
points out that the Santorini 1 image should be
modelled as multifractal rather than self-similar.

A log-log version of the periodogram for the
Santorini 1 image is presented in Fig. 5.c. The Hurst
exponent is obtained by applying the linear regression
method, i.e. by estimating the slope [1]. Strong
periodicity in the plot is a consequence of the
Fig. 3. Two images after removing the spectral blocks Scanning process. It should be noted that the

denoted by '1' (the first row) in Fig. 2, estimation of the Hurst exponent from a periodogram
and denoted by '1-9' (the second row). may be polarized, especially in the case of strong

Fig. 4. represents plots of errors due to removirgRP components.
the DCT blocks ordered as indicated in Fig.2, for the
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Fig. 5. Santorini 1mage: (a) IDC,
(b) R/S statistics, (c) periodogna

Another codilg technique the pyramida one,
seans to be interestip for investgating from the

fractd viewpoint. The R/S statistics was applied to

the scannedersion of yramidal codal images The
first pyramidal level after the oginal one, produces
the most mportant chage in the Hurst exponent,
Table 3. Fren that level variations & H are
negligible.

Table 3. Hurst indicefor pyramidal coded inages.

indexH for | Sierpinki | Santorini | 'planet rise]
pictures carpet No 1
original | 0.5226 0.95104 | 0.683
RS | 128x138 | 0.77209 | 0.78977 | 0.84591
stat| 64 x 64 | 0.81961 | 0.80645 | 0.84049
32x32|0.82562 | 0.79778 | 0.8557

The R/S plots for the orginal image Santorini 1
ard the three further pramidal levels, are presented
in Fig. 6.

1 RS statistics - Santorini 1 Y
1000 5 pyramidal coding 7 E
100 4 i
10 E i
14 o m 3
1 10 100 1000 10000

Fig. 6. R/S statistics for
pyramidal coded Santorini dmage.

4 Conclusion

This paper considers scannedages fran the
fractal viewpoint. By appling few methods for
estmating the Hurst exponent, mages hae been
anayzed. The image representsa non-negative
process, so itsagnitude was obsged as aneasure
in the anasis of the fractal process.

The conclusions are based o tlesuls for the
IDC, the R/S statistics and the perigdmn. The
scannd images shoutl be modelled as anultifractal,
rather than a seHimilar process However, it is
necessarto make additionaimultifractal anaysis.

It shout be noticed that a bimaimage, thowgh it
is a classic exaple of selfsimilar image (Sierpini
carpet), varies much fa differet estmation
procedures.
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