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Confidence intervals for the corrected R/S statistics
Level | Lower bound Upper bound

90% 0.5 — exp(—7.35log(log N) + 4.06 exp(—7.07 log(log N) + 3.75) + 0.5

95% 0.5 —exp(—7.33 log(logN) + 4.21 exp(—7.20 log(log N) + 4.04) + 0.5

99% 0.5 — exp(—=7.19 log(log N) + 4.34 exp(—7.51log(log N) + 4.58) + 0.5
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Confidence intervals for the DFA statistics

Level | Lower bound Upper bound

90% 0.5 —exp(—2.99 log N + 4.45) exp(—3.091logN) + 4.57) + 0.5
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95% 0.5 —exp(—2.931og N + 4.45) exp(—3.10logN) +4.77) + 0.5

99% 0.5 — exp(—2.67log N + 4.06) exp(—3.19log N) + 5.28) + 0.5
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leaydl Al 4@ oda L d Al daleall i o Jpasdl alae 40l cln) sy
Aadaa jlisls sl o g8 FSY) Gkl 0e a5 (GPH) - Porter-Hudak ; Geweke
Jpanl) 2 g lasdl Aslee e 450 o3 aciai . ARFIMA z350) d (gyusl) Jalsil)
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Confidence intervals for the GPH statistics

Level | Lower bound Upper bound

90% 0.5 — exp(—0.71 N?/3 + 1.87) exp(—0.68 N*/3 4+ 1.62) + 0.5

95% 0.5 — exp(—0.71 N?/3 + 2.04) | exp(=0.68 N*/3 +1.78) + 0.5

99% 0.5 — exp(—0.73 N?/3 + 2.45) | exp(—0.65 N?/3 +1.92) + 0.5
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H=0.1 lLxic S.D a8 RMAD a8 (G (Y-Y)Js0a

N =500 N =750 N =1000

Beta Kernel Beta Kernel Beta Kernel
b RMAD s.d b RMAD s.d b RMAD s.d
0.005 |[0.71235 | 0.04547 0.005 [ 0.72915 | 0.04496 0.005 | 0.74818 | 0.04183
0.01 |[0.78601 | 0.04428 0.01 |0.80833 | 0.04297 0.01 |0.82842 | 0.03828
0.05 |[0.94421 | 0.01799 0.05 | 0.95659 | 0.01486 0.05 0.965 |[0.01035
0.08 |[0.96538 | 0.01152 0.08 |[0.97392 | 0.00917 0.08 |0.97948 | 0.00622

Dirichlet Kernel Dirichlet Kernel Dirichlet Kernel
b RMAD s.d b RMAD s.d b RMAD s.d
0.005 |[0.68017 | 0.19115 0.005 |0.66345 | 0.11325 0.005 | 0.65896 | 0.08828
0.01 |[0.66009 | 0.12377 0.01 0.6508 | 0.09737 0.01 |0.64919 | 0.08034
0.05 |0.64334 | 0.1023 0.05 |0.63924 | 0.08283 0.05 | 0.64005 | 0.07642
0.08 |0.64126 | 0.10024 0.08 |0.63816 | 0.08179 0.08 |0.63944 | 0.0773

Lomax Kernel Lomax Kernel Lomax Kernel
b RMAD s.d b RMAD s.d b RMAD s.d
0.005 |[0.61713 | 0.06959 0.005 | 0.62324 | 0.05918 0.005 | 0.62488 | 0.05767
0.01 |0.61793 | 0.06905 0.01 | 0.62355 | 0.05885 0.01 |0.62526 | 0.05742
0.05 |[0.61836 | 0.07213 0.05 |0.62245|0.06173 0.05 |0.62395 | 0.06028
0.08 |0.61679 | 0.0756 0.08 | 0.62066 | 0.06441 0.08 |0.62211 | 0.06338
inverse Gaussian Kernel inverse Gaussian Kernel inverse Gaussian Kernel
b RMAD s.d b RMAD s.d b RMAD s.d
0.005 | 0.67625 | 0.16399 0.005 |[0.66114 | 0.10931 0.005 | 0.65723 | 0.08666
0.01 |0.65833 | 0.12143 0.01 |0.64932 [ 0.09489 0.01 |0.64798 | 0.07918
0.05 |0.64273 | 0.10154 0.05 |0.63885 | 0.08196 0.05 |0.63925 | 0.07556
0.08 | 0.64064 | 0.09914 0.08 0.6377 | 0.08073 0.08 |0.63816 | 0.0757

calay) dauss ARFIMA(2,H=0.1,2) 735« K Chige 38a =W (Y-F) Jsaa
o= Sl d D g4 = 5
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H=0.4 Lxc S.D a8y RMAD ad o (YY) Js2a

N =500 N =750 N =1000

Beta Kernel Beta Kernel Beta Kernel
b RMAD s.d B RMAD s.d b RMAD s.d
0.005 [ 0.71562 | 0.04695 0.005 | 0.73536 | 0.04151 0.005 | 0.74822 | 0.04042
0.01 | 0.78758 | 0.04836 0.01 |0.81302 | 0.03927 0.01 |0.82991 | 0.03796
0.05 0.9371 | 0.02222 0.05 |[0.95428 | 0.01297 0.05 |0.96179 | 0.01226
0.08 | 0.95884 | 0.01478 0.08 |0.97114 | 0.00832 0.08 |0.97633 | 0.00774

Dirichlet Kernel Dirichlet Kernel Dirichlet Kernel
b RMAD s.d B RMAD s.d b RMAD s.d
0.005 | 0.67626 | 0.18158 0.005 | 0.65572 | 0.09628 0.005 | 0.64873 | 0.08629
0.01 0.65696 | 0.13207 0.01 0.64577 | 0.08505 0.01 0.64198 | 0.07842
0.05 | 0.63792 | 0.09389 0.05 | 0.63505 | 0.07699 0.05 0.6335 | 0.07108
0.08 0.6351 | 0.0901 0.08 | 0.63342 | 0.07635 0.08 |0.63233 | 0.07086

Lomax Kernel Lomax Kernel Lomax Kernel
b RMAD s.d B RMAD s.d b RMAD s.d
0.005 [ 0.61299 | 0.06632 0.005 | 0.62082 | 0.0629 0.005 | 0.6256 | 0.05878
0.01 0.614 | 0.06542 0.01 |[0.62177 | 0.06245 0.01 |0.62613 | 0.05852
0.05 | 0.61503 | 0.06824 0.05 |0.62188 | 0.06463 0.05 | 0.62527 | 0.06086
0.08 |[41Y0.61|0.072 0.08 | 0.62001 | 0.06717 0.08 |0.62336 | 0.06311
inverse Gaussian Kernel inverse Gaussian Kernel inverse Gaussian Kernel
b RMAD s.d B RMAD s.d b RMAD s.d
0.005 [ 0.67366 | 0.17742 0.005 | 0.65476 | 0.09547 0.005 | 0.64708 | 0.08335
0.01 0.65509 | 0.12854 0.01 0.64511 | 0.08442 0.01 0.64043 | 0.07637
0.05 |0.63732|0.09271 0.05 |[0.63499 | 0.07611 0.05 |0.63297 | 0.07052
0.08 | 0.63507 | 0.08916 0.08 |0.63361 | 0.07512 0.08 | 0.63203 | 0.07009

Lisie o ARFIMA(2,H=0.4,2) z3sail SHIS cuiga 5\Slae @il cpn (Y-F) Jsan

Ji Al culs B GSlegl e o kel Jsaall (e iy .(RMAD) sasill (3llaal) il
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H=0.6 Lxc S.D a8y RMAD ad o (£-Y)Js2a

N =500 N =750 N =1000

Beta Kernel Beta Kernel Beta Kernel
b RMAD s.d B RMAD s.d b RMAD s.d
0.005 [ 0.71082 | 0.04556 0.005 |[0.73146 | 0.04134 0.005 | 0.74891 | 0.03577
0.01 |[0.77769 | 0.04385 0.01 |0.80412 | 0.03785 0.01 |0.82354 | 0.03342
0.05 |[0.92207 | 0.02436 0.05 |0.94147 | 0.0155 0.05 |0.95182 | 0.01294
0.08 |0.94545 | 0.0178 0.08 | 0.96038 | 0.01087 0.08 | 0.96801 | 0.00878

Dirichlet Kernel Dirichlet Kernel Dirichlet Kernel
b RMAD s.d B RMAD s.d b RMAD s.d
0.005 |[0.67143|0.1747 0.005 | 0.6581 | 0.1136 0.005 |0.64763 | 0.07737
0.01 |0.65263 | 0.10766 0.01 | 0.64952 | 0.09032 0.01 |0.64219 | 0.07156
0.05 |[0.63632 | 0.07635 0.05 0.6404 | 0.07536 0.05 0.6356 | 0.06702
0.08 | 0.63456 | 0.07564 0.08 |0.63884 | 0.07463 0.08 | 0.63447 | 0.06696

Lomax Kernel Lomax Kernel Lomax Kernel
b RMAD s.d B RMAD s.d b RMAD s.d
0.005 |[0.61297 | 0.06401 0.005 | 0.62553 | 0.06432 0.005 |0.62189 | 0.05428
0.01 |[0.61321 | 0.06356 0.01 | 0.62567 | 0.06415 0.01 |0.62216 | 0.05404
0.05 |[0.61188 | 0.06761 0.05 |0.62411 | 0.06763 0.05 |0.62093 | 0.05737
0.08 |[0.61092 | 0.07069 0.08 |0.62319 | 0.07126 0.08 |0.61979 | 0.0608
inverse Gaussian Kernel inverse Gaussian Kernel inverse Gaussian Kernel
b RMAD s.d B RMAD s.d b RMAD s.d
0.005 |[0.66729 | 0.14785 0.005 |0.65671|0.11218 0.005 | 0.6467 | 0.07561
0.01 0.65016 | 0.09648 0.01 0.64842 | 0.08871 0.01 0.64144 | 0.07068
0.05 |[0.63649 | 0.07593 0.05 | 0.64008 | 0.07462 0.05 |0.63578 | 0.06621
0.08 0.635 |[0.07512 0.08 |0.63888 | 0.07378 0.08 |0.63484 | 0.06562
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H=0.9 Lxc S.D a8y RMAD ad pan (0-Y)Js2a

N =500 N =750 N =1000

Beta Kernel Beta Kernel Beta Kernel
b RMAD s.d b RMAD s.d b RMAD s.d
0.005 | 0.68067 | 0.04504 0.005 [ 0.69501 | 0.04208 0.005 | 0.70992 | 0.03805
0.01 0.72764 | 0.04379 0.01 |[0.74817 | 0.04295 0.01 |0.76614 | 0.03738
0.05 0.84907 | 0.04032 0.05 |[0.87796 | 0.03277 0.05 |0.89367 | 0.02707
0.08 0.8771 | 0.0376 0.08 |0.90445 | 0.02823 0.08 0.9178 | 0.02302

Dirichlet Kernel Dirichlet Kernel Dirichlet Kernel
b RMAD s.d b RMAD s.d b RMAD s.d
0.005 | 0.69838 [ 0.10851 0.005 [ 0.68329 | 0.08687 0.005 | 0.6735 | 0.07887
0.01 0.69386 | 0.10537 0.01 0.6788 | 0.08608 0.01 0.6709 | 0.07841
0.05 0.68475 | 0.10052 0.05 | 0.67006 | 0.08393 0.05 | 0.66489 | 0.07656
0.08 0.68138 | 0.09939 0.08 |0.66679 | 0.08317 0.08 |0.66196 | 0.07552

Lomax Kernel Lomax Kernel Lomax Kernel
b RMAD s.d b RMAD s.d b RMAD s.d
0.005 | 0.63702 [ 0.06999 0.005 |[0.64111 | 0.05912 0.005 | 0.64692 | 0.05619
0.01 0.63156 | 0.06971 0.01 |0.63415 | 0.05825 0.01 |0.63903 | 0.05554
0.05 0.6203 | 0.0811 0.05 0.6227 | 0.06897 0.05 0.6296 | 0.06867
0.08 0.62816 | 0.09056 0.08 |0.63232|0.07879 0.08 0.6433 | 0.07946
inverse Gaussian Kernel inverse Gaussian Kernel inverse Gaussian Kernel
b RMAD s.d b RMAD s.d b RMAD s.d
0.005 | 0.69784 | 0.10744 0.005 |[0.68277 | 0.08657 0.005 [ 0.67303 | 0.07908
0.01 0.69344 | 0.10426 0.01 0.67847 | 0.08572 0.01 0.67064 | 0.07873
0.05 0.68608 | 0.10085 0.05 |0.67132 | 0.08413 0.05 | 0.66596 | 0.0773
0.08 0.68412 | 0.10019 0.08 | 0.66948 | 0.08367 0.08 | 0.66436 | 0.07665
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Abstract

The time series is defined as the values of a particular phenomenon
arranged according to time or the set of values that the phenomenon takes
In consecutive and equal periods of time. There are two directions in the
analysis of time series, the first in the field of time, in which the time series
Is a linear combination with sequential limits of random errors, and the
second in the field of repetition, in which the time series is a weighted sum

of sine and periodic cosine functions.

The concept of long memory or long dependency (LRD) means that the
process is made up of many historical correlations, and the sum of the
autocorrelations is slowly decreasing. In order to give a description of the
long memory, it is recommended to describe the stationary series with the
limits of the spectrum density function. Due to the length of the time series,
hidden seasonal and periodic components arise in this type of series that
cannot be detected through the traditional method of analysis, but through
the iterative method of analysis and by using non-parametric and semi-
parametric methods to detect these components, the most important of
which is the method of the periodic scheme of the Fourier transform.
Although there are many methods in this field, but there is room to add
non-parametric methods to find non-parametric estimators to estimate the
spectral density through which we can detect these components, so three

non-parametric estimators have been proposed (Lomax Kernel estimator,
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Dirichlet Kernel estimator and Reciprocal inverse Gaussian Kernel
estimator) And compare it with the nonparametric beta estimator by
RMAD statistic. To determine the best method, simulation study was used
in the experimental side, and the results showed in the experimental side
that the Lomax Kernel estimator was the best for its ability to detect hidden
components, and it also had the lowest value for the RMAD statistic. In
order to find out the possibility of applying this method, it was applied the
best method for real data for a time series related to respiratory diseases
and tested because they have a long memory. Kernel estimators are
considered to have good advantages in the spectral analysis of time series
in case the distribution is not known or the assumptions are difficult in the

case of parameter estimation.
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