Empirical Mode
JrDecomposition

f(#)— ncxopHbIN cUrHan
EMD npeacraBnsetr cobon pas3noXXeHne cneayrowero smaa:

f(6)=r0)+ Y v, ()

r(#) — HEKAss MOHOTOHHAas yHKLMS, Ha3biBaeMast OCTaTKOM

. (t)— MHOXeCTBO (PYHKLMN Pa3/IMYHON YacTOThl,
Ha3biBaeMbix Intrinsic Mode Function (IMF)

m OcobeHHOCTb: ANns pas3noXXeHusi He NCMNOoNb3yeTcs
(OMKCMPOBaHHbIN 6a3uc.
v, (1) n r(t) onpeaenarTcsa CaMUM CUTHAIOM.




Onpepenexnve IMF
+

byneM Ha3biBaTb QYyHKUMIO Intrinsic Mode Function,
ecnu:

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

2. 3HayeHue nosaycyMmmbl ormbatoLumx AaHHOW
PYHKUUM BIM3KO K HYJIHO.



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 I,
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(Y))
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(Y))
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 OERZACIOERT))
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 [
I\VVOERYPAUOGERT))
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 [
W OERZACIOGERT))
Ii(t) = L(t) - Av(t)
i=i+1
end

residue

80 90 100 110 120

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

80 90 100 110 120

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 OERZACIOERT))
Ii(t) = L(t) - Av(t)
i=i+1

residue

10 20 30 40 50 60 70 80 90 100 110 120

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 [
Av(t) = 1/2 (U(t) + L(Y))
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() = 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 [
W OERZACIOGERT))
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

10 20 30 40 50 60 70 80 90 100 110 120

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

end



Mony4yeHue pa3sioxKeHuUs.
NMpouecc otcenBaHus (sifting)

Residue = L(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

20 30 40 50 60 70 80 90 100 110 120

residue

10 20 30 40 50 60 70 80 90 100 110 120




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

80 90 100 110 120

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

S | TR e
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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
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))
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
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)

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(Y))
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 n3obpaxxeHue N
SITIOFONESD B2 16, )) = 2 vl )+ (i, ))
k=1

1N BOCCTAHOBJIEHUsI pe3ynibTaTa UCMoMb3yeM M
NV HECKObKO NepBbix IMF: LG, 7)=D w,(i,j), M<N
k=1




CpoiicTBa npeobpaszoBanusa Pypne
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CsBoiicTBa

O6paTHoe npeobpasosanue

CeeptKa
YMHOMXKeHue

Casur

Monynsauus
Macmrabuposanue
Ilpoussonnas no BpemMenu
IlpoussongHasa no yacTore
KoMniiekcHoe conpsi>keHune

SPMHTOBa CHMMETPUSA

PDyHKIUA
f(t)
(@)

f1* fa(t)
f1(t) f2(t)

f(t —vu)
et f(t)
f(t/s)
f(P) (t)
(—it)Pf(t)
f*(t)
f(t) eR

IIpeobpazoBanne @ypbe
f(w)

27 f(—w)

f 1(w) f 2(w)

z—;‘fl * fa(w)

e f(w)
flw—¢)

|1 (sw)
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f(p) (w)

fH(—w)

f(-w) = f*(w)




Rotation

If we introduce the polar coordinates

xr=rcost)l y=rsinfl u=wcoso v =wslno

then f(x,y) and F'(u,v) become f(r,8) and F'(w, ¢), respectively. Di-
rect substitution in the continuous Fourler transform pair yields
f(r,0 +6p) = F(w,0+ 6




Proof

Convert to polar coordinates:

T — 7 cos 0 y = rsin6 dz dy = rdr do

U = W COS @ V= wsin o

F(w,0) = 'F{f 7, 9)}
= ] / 7 f(r, 0) exp|—j2mwr(cos 8 cos @ + sin @ sin ¢|dr db
= A ﬁ} rf(r,0) exp|—j2mwr cos(6 — o)|dr db
Rotate f(r,60) by 6y:
Fl(w,0) = F{f(r,0+6)}
2w poo
= A /ﬂ rf(r,0 + 6y) exp|—j2mwr cos(6 — @)|dr db
Let A =6 4 69
2n+0 o0
Fl(w,0) = /g N / rf(r. \) exp[—j27wr cos(A — Gy — &)]dr dX
= / / (r, \) exp[—j2mwr cos(\ — (6 + @))]dr dA

1.e.,

F'(w, 0) = F(w, o+ 0p)

or

f(r,0+6y) < F(w,o+ 6p)



Oupegentunnblii nurerpas. Oupeaeatnnsit unrerpas or oy B npeeias ol
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o
fle)dr = F(0), (f=F)
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flx)dr = f (z)e 2" =2y = F(0).
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o
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_— Arca = central ordinate




Teopema. Eciu dynkunu f u h npunajnesxar L'(R) N L2(R), To

/ f&)R*(t) dt = / f(w)h* (w) dw,

Py o0

npu h = f u3 3TOro caemyer

/ | f(t)|“dt = 5 / | f(w)|* dw.
J —po ' LT ) _ o s

X

L

f(w)h* (w) dw.
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Teopema. Ecimn [ # () umeer KOMOAKTHBIH HOCHTENb, TO flw) He MoKeT HMETDh
KOMIIAKTHOTO HOCHTe I, AHATOTHTHO, ecian f(w) HMeeT KOMIOAKTHEI HOCHTEIL, TO f(f)
HE MOMKET HMETh KOMIIAKTHOTO HOCHTE]IS.

Hoxasamesvemeo. Mbl ToKazkeM ToJIBKO IepBOe YTBEPAJIEHHE, TAK KAK BTOPOE CJIeIyeT
H3 NepBOro ¢ NoMOIbio IpeobpaszoBania Pypre. Ecmm [ uMeeT KOMIAKTHBIT HOCHTED,
comepxaniics B [—b, b, To

Ecm f(t) =0 npu t € [c.d], o nudepenmupya n-pas Mol 3HAKOM HHTeTpasia, HOJTy THM
B TOUKE ty = (c+ d)/2

)" e dw = 0.

Tar Kak

f(t) = 21_/ flw) ewlt=—to) givto gy,

TO pasaoxenne ¢t g Geckoneunwlil pa gaeT 1 Beex t € R

i‘l—f. " .
f(t) = Z i EJ] / flw)w™ e™® dw = 0.
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I[epBLiii mosment.
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F'(0)
r)dr = :
131l HOVLHTCH W TCOPMENL O TTPOH PO IO T
4
f(—ﬂ?r;r-é-]f(;rje_ﬂ“"’{l;r = F'(s).
LHenrpowi.
to
J zf(z)dr
7)==
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i
ftI} MOALHO PACCMATPABAT L Kedls HICHTE MACC CUCPDACH X C PPACHTPCCTCHTACM LEJIO HOCTTH fl: ]

HJH Kl BPEMA CHI'He LA, COJTH PPalCOM el YA el Tl [1]_". [T T IC) f{fj Kellh 3 BHOCAMOCTEL SHCPDTHHA

CHIHAJA OT BPeMeH .
Cusss nenrpounia o npeobpasosannesm Oypne:

F(0)
(=) = —5F0)
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