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2.3. The multifractal detrended fluctuation analysis

While DFA describes well the fluctuations for phenomena with a single exponent, multifractal processes are character-
ized by a hierarchy of scaling exponents. The multifractal detrended fluctuation analysis (MFDFA) [30] is a generalization
of the DFA method, and has been successfully used to analyze time series in studies ranging from physiology [31],
geophysics [32], and astrophysics [33], to climatology [34], hydrology [35], to finances [36,37]. The MFDFA procedure
differs from the DFA in that the individual segment fluctuations
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are now used to obtain the gth order fluctuation function
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where, g can take on any real value except zero. This procedure is repeated for all box sizes to establish the relationship
between fluctuation function Fy (n) and box size n; if long-term correlations are present, F, (n) increases with n according
to a power law F, (n) ~ n"@, and the scaling exponent h(q), obtained as the slope of the linear regression of logF, (n)
versus log n, is called the generalized Hurst exponent. For negative g values h(q) describes the scaling behavior of small
fluctuations, and for positive g the large fluctuations. Moreover, h(2) (or DFA exponent «) is identical for stationary time
series (for 0 < @ < 1) to the well-known Hurst exponent H; for monofractal time series, h(q) is constant (independent
of q), while for multifractal time series h(q) is a decreasing function of q.

An alternative representation of multifractal behavior is achieved through the singularity spectrum f («), obtained from
the Renyi exponents t (q) defined by the standard partition function-based multifractal formalism as t (q) = gh(q) — 1.
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1.1 Ilpocopuoctixiés atyépiBuoc —Filtered Reference LMS with frequency
domain adaptation

Amd v vrépbeo) TOV oKOVGTIKGOV Kupdtov tov BopiPfov pe tov avtiBopifo
MOV EKTEUMETOL oS To Nyeio Snovpyovvtol onueion oto ¥dOpo HE UEI@UEVN
oKoveTiKy otddun. Kord v exnaidsvon tov oAyopiBpov To akovoTikd ofudto
6To onueic dUTd TPOPOSOTOLVIOL GTOV alhyéplBuo 6o GQAALUTO, To OToin
HEWDVOVTHL GUVEXMS LEXPL VUL GUYKAIVEL 0 0lyop1BLog o8 KATo0 GET QIATP®V.

e(n)y=d,(n)+d,(n) . omov 1, .. L
(1.1.1)

O avtiBépopor d ‘,(H) oto onusio tov L-pukpogpdvev sivar arotéhecpo tov
cuvehifeov petofd tov onudtov mov odnyodv to wyeie, u,(n) ko Tov

GKOVGTIKOV GUGTNUATOV € (n) LeTolD Tav M-nyeiov ko tov L-pukpogdvov [2].

M J-1

dAI(n) = ZZcImjum (n—17), (1.1.2)
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omov j eivar to pikog tov FIR @ikipov mov ¥pnoilomoovvial yio i)
HLOVTEAOTOINGT] TOV KPOVGTIKGV TOKPIGEMV TMV NAEKTPOTKOVGTIKMOV GLUGTINUATMV.

T TV eKTIPNGY TV ETEPOGUGYETIGE®V GTO mMedio TV Guyvotitav S ]m(k)
petafd  TOV  QUATopliopévev  onpdtov  avagopds R (k) xu 1oV
JETUGYNUOTIGHEVOY GNUATOV TV kpopdvay £ ; (k) , ypnowonowovvion FFTs pe

pnkog 2*N, émov N 1o prkog tov buffers pe 50% smucdhoyn petdéo tov dsiypdrov
[2].

H séiowon g avavemoT] TmV GUVIEASOTOV TOV GIATpoOV umopsl vo ypogst e )
PO VASTPOPOL UETAGYTLOTIGHOD 6T0 ¥pdvo IFFT [2] g akorotBomg
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I=1
6mov o eivol o cuvieheotig pubpol avaviémeng g eéiocmang, o onoiog emicng
kofopiler v toyoTnTo g obykKlong Tov oiyopibuov cos éva cet @iktpov. Ta
PIATPUPIGHEVE CTHUTU OVOQOPAS R;m (k) eivan amotéheopa rodamiaciacod Tov

GNULOTOS GVOQOPAS [1E TO HOVTIERD TOV Cppy OTO medio Tov cuyvotiTav [2].



