Empirical Mode
JrDecomposition

f(#)— ncxopHbIN cUrHan
EMD npeacraBnsetr cobon pas3noXXeHne cneayrowero smaa:
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#(#) — HEKAs MOHOTOHHas (hyHKLMS, Ha3biBaeMast OCTAaTKOM

. (t)— MHOXeCTBO (PYHKLMN Pa3IMYHON YacTOThl,
Ha3biBaeMbix Intrinsic Mode Function (IMF)

m OcobeHHOCTb: ANns pas3noXXeHusi He NCMNOoNb3yeTcs
(OMKCMPOBaHHbIN 6a3uc.
w. (1) n r(t) onpeaenaiTcs CaMUM CUrHasIoM.




Onpepenexnve IMF
+

byneM Ha3biBaTb QyHKUMIO Intrinsic Mode Function,
ecnu:

1. KonnyectBo nokasnbHbIX 3KCTPEMYMOB He bonee
YEM Ha eAMHULY OT/INYAETCHA OT KOINYECTBa
Hynen pyHKLMM Ha pacCMaTpMBaEMOM
MPOMEXYTKE.

2. 3HaYyeHue nosaycyMmbl ormbatoLumx JaHHOW
PYHKUUM BIN3KO K HYJIO.



Mony4yeHue pa3ioxKeHuUs.
NMpouecc otcenBaHus (sifting)

Residue ;‘ s(t)

I,(t) = Residue
i=1
k=1
while Residue not equal zero or not
monotone
while I; has non-negligible local mean )
U(t) = spline through local maxima 10 20 30 40 50 60 70 80 90 100 110 120

IMF 1; iteration O

of [
L(t) = spline through local minima
of
Av(t) = 1/2 (U(t) + L(t))
Ii(t) = Ii(t) - Av(t)
i=i+1
end
IMF,(t) = I(t)
Residue = Residue - IMF,
k = k+1
end




Mony4yeHue pa3sioxKeHuUs.
NMpouecc otcenBaHus (sifting)

Residue = t(t)

Il(t) — Residue IMF 1; iteration O
i=1
k=1
while Residue not equal zero or not
monotone
while I, has non-negligible local
mean 10 20 30 40 50 60 70 80 90 100 110 120
U(t) = spline through local
maxima of I,
L(t) = spline through local minima of
I;
Av(t) = 1/2 (U(t) + L(t))
Ii(t) = L(t) - Av(t)
i=i+1
end
IMF,(t) = L(t)
Residue = Residue - IMF,
k =k+1
end




Mony4yeHue pa3sioxKeHuUs.
NMpouecc otcenBaHus (sifting)

Residue = t(t)

I,(t) = Residue
i=1
k=1
while Residue not equal zero or not
monotone
while I, has non-negligible local
mean
U(t) = spline through local
maxima of I,
L(t) = spline through local
minima of [
Av(t) = 1/2 (U(t) + L(t))
Ii(t) = L(t) - Av(t)
i=i+1
end
IMF,(t) = L(t)
Residue = Residue - IMF,
k =k+1
end




Mony4yeHue pa3sioxKeHuUs.
NMpouecc otcenBaHus (sifting)

Residue = L(t)

I,(t) = Residue
i=1
k=1
while Residue not equal zero or not
monotone
while I; has non-negligible local
IEED)]
U(t) = spline through local
maxima of I,
L(t) = spline through local
minima of I;
Av(t) = 1/2 (U(t) + L(t))
Ii(t) = L(t) - Av(t)
i=i+1
end
IMF,(t) = L(t)
Residue = Residue - IMF,
k = k+1
end




Mony4yeHue pa3sioxKeHuUs.
NMpouecc otcenBaHus (sifting)

Residue = t(t)

Il(t) = Residue 2 IMF 1; iterationO
i=1
oy ﬂ' Vv f
while Residue not equal zero or not ° (‘
monotone 1
while I, has non-negligible local _2
mean 10 30 40 50 60 70 80 100 110 120

U(t) = spline through local
maxima of I,
L(t) = spline through local
minima of I;
W OERTZACIOERT))
Ii(t) = L(t) - Av(t)
i=i+1
end
IMF,(t) = L(t)
Residue = Residue - IMF,

k = k+1
end



Mony4yeHue pa3sioxKeHuUs.
NMpouecc otcenBaHus (sifting)

Residue = L(t)

I,(t) = Residue
i=1
k=1
while Residue not equal zero or not
monotone
while I, has non-negligible local
mean
U(t) = spline through local
maxima of I,
L(t) = spline through local
minima of [
Av(t) = 1/2 (U(t) + L(t))
Ii(t) = L(t) - Av(t)
i=i+1
end
IMF,(t) = L(t)
Residue = Residue - IMF,
k =k+1
end




Mony4yeHue pa3sioxKeHuUs.
NMpouecc otcenBaHus (sifting)

Residue = t(t)

I,(t) = Residue
i=1
k=1
while Residue not equal zero or not
monotone
while I; has non-negligible local mean
U(t) = spline through local
maxima of I,
L(t) = spline through local
minima of [
Av(t) = 1/2 (U(t) + L(t))
L(t) = I(t) - Av(t) (“residue™
i=i+1
end
IMF,(t) = L(t)
Residue = Residue - IMF,
k = k+1
end




Mony4yeHue pa3sioxKeHuUs.
NMpouecc otcenBaHus (sifting)

Residue = t(t)

Il(t) — Residue IMF 1; iteration 1
i=1
k=1
while Residue not equal zero or not
monotone
while I; has non-negligible local

mean
U(t) = spline through local i
maxima of I,
L(t) = spline through local
minima of [

Av(t) = 1/2 (U(t) + L(b))
Ii(t) = Ii(t) - Av(t)
i=i+1

end

IMF(t) = I(t)

Residue = Residue - IMF,

k =k+1

end




Mony4yeHue pa3sioxKeHuUs.
NMpouecc otcenBaHus (sifting)

Residue = L(t)

Il(t) — Residue IMF 1; iteration 1
i=1
k=1
while Residue not equal zero or not
monotone
while I; has non-negligible local
IEED)]
U(t) = spline through local
maxima of I,
L(t) = spline through local
minima of [
Av(t) = 1/2 (U(t) + L(t))
Ii(t) = L(t) - Av(t)
i=i+1
end
IMF,(t) = L(t)
Residue = Residue - IMF,
k =k+1
end

residue




Mony4yeHue pa3sioxKeHuUs.
NMpouecc otcenBaHus (sifting)

Residue = L(t)

Il(t) — Residue IMF 1; iteration 1
i=1
k=1
while Residue not equal zero or not
monotone
while I; has non-negligible local mean
U(t) = spline through local
maxima of I,
L(t) = spline through local
minima of [
WOERTZACIOERT))
Ii(t) = L(t) - Av(t)
i=i+1
end

residue
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IMF(t) = Ii(t)
Residue = Residue - IMF,
k = k+1

end




Mony4yeHue pa3sioxKeHuUs.
NMpouecc otcenBaHus (sifting)

Residue = t(t)

Il(t) — Residue IMF 1; iteration 1
i=1
k=1
while Residue not equal zero or not
monotone
while I, has non-negligible local mean
U(t) = spline through local
maxima of I,
L(t) = spline through local
minima of I;
Av(t) = 1/2 (U(t) + L(t))
Ii(t) = L(t) - Av(t)
i=i+1
end

residue
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IMF(t) = I(t)
Residue = Residue - IMF,
k = k+1

end



Mony4yeHue pa3sioxKeHuUs.
NMpouecc otcenBaHus (sifting)

Residue = t(t)

Il(t) — Residue IMF 1; iteration 1
i=1
k=1
while Residue not equal zero or not
monotone
while I, has non-negligible local
mean
U(t) = spline through local
maxima of I,
L(t) = spline through local
minima of I;
W OERTZACIOERT))
Ii(t) = L(t) - Av(t)
i=i+1

residue
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end
IMF(t) = I(t)
Residue = Residue - IMF,
k =k+1
end




Mony4yeHue pa3sioxKeHuUs.
NMpouecc otcenBaHus (sifting)

Residue = t(t)

I,(t) = Residue
i=1
k=1
while Residue not equal zero or not
monotone
while I, has non-negligible local
mean
U(t) = spline through local
maxima of I,
L(t) = spline through local
minima of [
Av(t) = 1/2 (U(t) + L(t))
Ii(t) = L(t) - Av(t)
i=i+1
end
IMF,(t) = L(t)
Residue = Residue - IMF,
k =k+1
end




Mony4yeHue pa3sioxKeHuUs.
NMpouecc otcenBaHus (sifting)

Residue = t(t)

I,(t) = Residue
i=1
k=1
while Residue not equal zero or not
monotone
while I, has non-negligible local
mean
U(t) = spline through local
maxima of I,
L(t) = spline through local
minima of [
W OERTZACIOERT))
L(t) = I(t) - Av(t) (“"residue™
i=i+1
end
IMF,(t) = L(t)
Residue = Residue - IMF,
k =k+1
end




Mony4yeHue pa3sioxKeHuUs.
NMpouecc otcenBaHus (sifting)

Residue = t(t)

Il(t) — Residue | IMF 1; iteration 2
i=1
k=1
while Residue not equal zero or not
monotone
while I, has non-negligible local
mean
U(t) = spline through local
maxima of I,
L(t) = spline through local

residue

minima of [
Av(t) = 1/2 (U(t) + L(t))
I(H) = I(t) - Av(t)
i=i+1
end

IMF(t) = I(t)
Residue = Residue - IMF,
k =k+1

end



Mony4yeHue pa3sioxKeHuUs.
NMpouecc otcenBaHus (sifting)

Residue = L(t)

Il(t) — Residue | IMF 1; iteration 2
i=1
k=1
while Residue not equal zero or not
monotone
while I; has non-negligible local mean
U(t) = spline through local ' 10 20 30 40 50 60 70 80 90
maxima of I,
L(t) = spline through local
minima of [
WOERTZACIOERT))
Ii(t) = L(t) - Av(t)
i=i+1
end
IMF,(t) = L(t)
Residue = Residue - IMF,
k =k+1
end

residue




Mony4yeHue pa3sioxKeHuUs.
NMpouecc otcenBaHus (sifting)

Residue = t(t)

Il(t) — Residue | IMF 1; iteration 2
i=1
k=1
while Residue not equal zero or not
monotone
while I, has non-negligible local mean
U(t) = spline through local
maxima of I,
L(t) = spline through local
minima of [
Av(t) = 1/2 (U(t) + L(t))
Ii(t) = L(t) - Av(t)
i=i+1
end

residue
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IMF(t) = Ii(t)
Residue = Residue - IMF,
k = k+1

end



Mony4yeHue pa3sioxKeHuUs.
NMpouecc otcenBaHus (sifting)

Residue = t(t)

I,(t) = Residue | IMF 1; iteration 2
i=1

e ‘""""""m"""m

while I; has non-negligible local mean
U(t) = spline through local
maxima of I,
L(t) = spline through local
minima of I;
Av(t) = 1/2 (U(t) + L(t))
I(t) = L(t) - Av(t)
i=i+1
end
IMF(t) = I(t)
Residue = Residue - IMF,
k =k+1
end
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Mony4yeHue pa3sioxKeHuUs.
NMpouecc otcenBaHus (sifting)

Residue = L(t)

Il(t) — Residue | IMF 1; iteration 2
i=1
k=1
while Residue not equal zero or not
monotone
while I; has non-negligible local
IEED)]
U(t) = spline through local
maxima of I,
L(t) = spline through local
minima of I;
Av(t) = 1/2 (U(t) + L(t))
Ii(t) = L(t) - Av(t)
i=i+1

residue
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end
IMF(t) = I(t)
Residue = Residue - IMF,
k =k+1
end




Mony4yeHue pa3sioxKeHuUs.
NMpouecc otcenBaHus (sifting)

Residue = L(t)

I,(t) = Residue
i=1
k=1
while Residue not equal zero or not
monotone
while I; has non-negligible local
IEED)]
U(t) = spline through local
maxima of I,
L(t) = spline through local
minima of [
Av(t) = 1/2 (U(t) + L(t))
Ii(t) = L(t) - Av(t)
i=i+1
end
IMF,(t) = L(t)
Residue = Residue - IMF,
k =k+1
end




Mony4yeHue pa3sioxKeHuUs.
NMpouecc otcenBaHus (sifting)

Residue = L(t)

I,(t) = Residue
i=1
k=1
while Residue not equal zero or not
monotone
while I; has non-negligible local
mean
U(t) = spline through local
maxima of I,
L(t) = spline through local
minima of [
Av(t) = 1/2 (U(t) + L(t))
L(t) = I(t) - Av(t) (“residue™
i=i+1
end
IMF,(t) = L(t)
Residue = Residue - IMF,
k =k+1
end




Mony4yeHue pa3sioxKeHuUs.
NMpouecc otcenBaHus (sifting)

Residue = L(t)

I,(t) = Residue
i=1
k=1
while Residue not equal zero or not monotone
while I; has non-negligible local mean
U(t) = spline through local
maxima of I,
L(t) = spline through local
minima of I,
Av(t) = 1/2 (U(t) + L(t))
Li(t) = Ii(t) - Av(t)
i=i+1
end
IMF(t) = I(t)
Residue = Residue - IMF,
k =k+1
end




Mony4yeHue pa3sioxKeHuUs.
NMpouecc otcenBaHus (sifting)

Residue = L(t)

I,(t) = Residue
i=1
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U(t) = spline through local
maxima of I,
L(t) = spline through local
minima of I,
Av(t) = 1/2 (U(t) + L(t))
Li(t) = Ii(t) - Av(t)
i=i+1
end
IMF(t) = Ii(t)

Residue = Residue - IMF,
k =k+1
end



Mony4yeHue pa3sioxKeHuUs.
NMpouecc otcenBaHus (sifting)

Residue = L(t)

I,(t) = Residue
|
k=1
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I(t) = I(t) - Av(t)
i=i+1
end
IMF,(t) = L(t)

Residue = Residue - IMF,
k = k+1
end



Mony4yeHue pa3sioxKeHuUs.
NMpouecc otcenBaHus (sifting)

Residue = L(t)

I,(t) = Residue
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Av(t) = 1/2 (U(t) + L(t))
Li(t) = Ii(t) - Av(t)
i=i+1
end
IMF(t) = I(t)
Residue = Residue - IMF,
k =k+1
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Mony4yeHue pa3sioxKeHuUs.
NMpouecc otcenBaHus (sifting)

Residue = L(t)

I,(t) = Residue
i=1
k=1
while Residue not equal zero or not monotone
while I; has non-negligible local mean
U(t) = spline through local
maxima of I,
L(t) = spline through local
minima of I,
Av(t) = 1/2 (U(t) + L(t))
Li(t) = Ii(t) - Av(t)
i=i+1
end
IMF(t) = I(t)
Residue = Residue - IMF,
k =k+1
end




Mony4yeHue pa3sioxKeHuUs.
NMpouecc otcenBaHus (sifting)

Residue = L(t)

I,(t) = Residue
i=1
k=1
while Residue not equal zero or not monotone
while I; has non-negligible local mean
U(t) = spline through local
maxima of I,
L(t) = spline through local
minima of I,
Av(t) = 1/2 (U(t) + L(t))
Li(t) = Ii(t) - Av(t)
i=i+1
end
IMF(t) = I(t)
Residue = Residue - IMF,
k =k+1
end




Mony4yeHue pa3sioxKeHuUs.
NMpouecc otcenBaHus (sifting)

Residue = L(t)

Il(t) = Residue IMF 2; iteration 0
i=1
k=1
while Residue not equal zero or not
monotone
while I; has non-negligible local mean
U(t) = spline through local maxima
of I residue
L(t) = spline through local minima
of [
Av(t) = 1/2 (U(t) + L(t))
I(t) = L(t) - Av()
i=i+1
end
IMF,(t) = I(t)
Residue = Residue - IMF,
k = k+1
end
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Pe3ynbTaT pa3/iodKeHus

+

Data Series

IMF
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Koppekuuna ocBeleHHOCTI

l PacknaabiBaeM ncxoaHoe n3obpaxkeHue N
SITIOFONESD B2 16, )) = 2 vl )+ (i, )
k=1

1N BOCCTAHOBJIEHUsI pe3ynibTaTa UCMoMb3yeMm M
NV HECKONbKO nepBbiX IMF: LG, 7)=D w,(i,j), M<N
k=1




