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Empirical Mode Decompostion and its Application
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Abdract: Empirical Mode Decompaosition (EMD) is a decomposition agorithm which is used to anayze nonlinear and
time-varying signal . Different from the traditional signal andysis method ,the decompasition is datardriven and self-adaptive. A re-
view work about the current development of one dimensional EMD and Bidimensional EMD is introduced. At first ,some basic con-
cepts and main agorithm ideas are described. Then the advantages and shortages of EMD are discussed. At the end of the paper,

severd problems which are waiting to be solved are listed.
Key words: EMD;IMF; Hilbert transform

1
Fourier , ,1998
Fourier Hil bert
:Fourier , ,
) IMP) , Hil bert
: Fourier
Gabor Fourier , ,
(12 Fourier Wigner-Ville ,
Fourier BVID ,
; Fourier ,
; ,BMD
) BVD
:2007-12-19; :2008-08-12
: (No. 60673063) ; (No. 20082176) ; CAD&CG

(BVD)

(Intrindc Mode Functions,

(No. AD906)



582 2009
EMD , EMD ,
y [5]_
2 Hil ber t- Huang 312
EMD EVD
2.1 1D EMD , : BVD
BvD ,Hung (9nge Direction BVD ,DBEMD) [®
=l EMD (2D Interpolation Function based BVD , IFEMD) 7
(D 1 BVID (Directiond EMD , DEMD) BVID
; (Neighborhood Lirmited BVID ,NL BVID) [* 2]
2 : (1) VD ,
(IMP) . ,
: : @) [7 9] IFEMD
, IMF,
EMD : |
’ , B
(t) = Sloinf () +r, | IMF r. B '
2.2 Hil bert
f(t) :iiim‘i + 1, , Huang (3) DEMD'™! ’
Hil bert
Hil bert- Huang ; ;
3 EMD '
, BMD ,
, , (4) ,
3.1 : ,
311 NL EMD
, EMD .
[3] [5,11,12].
3.2
321
, BMD ,
, [4] ,

(3]



3 (BVID) 583
, “ " , [3] Hil bert- Huang ,
. Hil bert ,
(1) [14] ,
[15] . [13] AR , Huang
,[18]
[14] AFDE ,EMD
, [15] : . ,
Burg [18]
, 3.4.2
[15] BVID
3.2.2 . Hil bert ,
: ' Reg L
[6]. [16] Rex
’ i ,, Hil bert (0]
3.3
331 3.5
,BMD
[21 23]
[5,19]
’ [24] [6] [10] ()
, [17]
, 4
[3] :
3.3.2 41
[17] Del aunay
: [10]
: 4.2
, : : BEMD ,
Devp'® pavD™ IFemD"" ! Fourier
NL BvD!® %21 ’
4.3
3.4 . Hil bert
(2]

3.4.1



584

2009

4.4

4.5

4.6

IMF

D

(2

M

)

,BMD

F

AFDE

Fourier

BVD,

[18]

[26]. EMD

Hurg

[18]

[18]

(1]

[2

[3

—_—

[4]

(5]

(6]

[7

[8

—_

(9]

[10]

(4) : [15][19]

) , . Fourier [M].
: ,2004.

Tao R,Qi L ,Wang Y. Theory and gpplication of the Fractiona
Fourier transform [ M ]. Bejing: Tsinghua University Press,
2004. (in Chinese)

Xu G,Wang X, Xu X. Fractiona quaternion Fourier transform,
convolution and correlation [J]. Hsevier Signal Processing,
2008,88(10) :2511 - 2517.

Huang N E, Zheng S,Steven R, et a. The empirical mode de-
compasition and the Hilbert spectrum for nonlinear non-station-
ary time Series Analysis[ A]. Proceedings :Mathematical , Physi-
ca and Engineering Sciences[ C].London, The Royal Society
Press,454(1971) ,1998:903 - 995.

Q H Chen,Norden E. Huang,R Sherman,et a.A B-spline g~
proach for empirical mode decompaositions [J]. Advances in
Computational Mathematics,2006,24(1-4) :171 - 195(25) .
Xu G,Wang X, Xu X. Neighborhood limited empiricd mode
decomposition and gpplication in image processing[A]. I-
CIG2007[ C]. Chengdu of China:lEEE C S Press, 2007. 08.
149 - 154.

Han C, Guo H,Wang C, Fan D. A novel method to reduce
speckle in SAR images[J]. International Journad of Remote
Sensing,2002,23(23) :5095 5101.

Nunes J C,Bouaoune Y ,Deechelle E,et d. Texture anaysis
based on the Bidimensiond Empiricd Mode Decompasition
with Gray-Level Co-occurrence models[J]. | EEE,Machine Vi-
sion and Application,2003(2) :633 - 635.

Nunes J C, Guyot S,Delechelle E. Texture analysis based on
local analysis of the Bidimensional Empirica M ode Decompaosi-
tion[J]. Machine Vision and Applications, 2005 (16) : 177 -
188.

Xiong C, Xu J, Zou J,Qi D. Texture classification based on
EMD and FFT[J].J Zheiang Univ SCIENCE (A) , 2006, 7
(9) :1516 - 1521.

, . EMD



3 (BEVD) 585
[31. E , ,2005,35(2) :113 - 123. tions of Hilbert Huang transform to nonrstationary financial
[11] , , , . time series analysis[J]. Applied Stochastic Modesl in Business
[3]. , 2006, 25 and Industry ,2003,19:245 - 268.
(3) :225- 228. [23] Lemay M ,VesinJ. QRST Cancellation Based on the Empirical
Xu G,Wang X ,Xu X, Zhu T.Multi-band image fusion ago- Mode Decompaosition[J]. Computers in Cardiology 2006,33:
rithm based on neighborhood limited empiricall mode decom- 561 - 564.
position based[J].Journal o Infrared and Millimeter Waves [24] Han C M ,Guo H,Wang C,et a. A new multiscae edge de
2006,25(3) :225- 228. (in Chinese) tection technique[ A ]. Geoscience and Remote Sensing Synr
[12] , , , . EMD posium[ C]. INSPEC Press,New York ,2002,6:3402 - 3404.
[J1. ,2006,34(9) :99 - 103. [25] Linderhed A.2-D empirical mode decompasitions-in the spirit
Xu G,Wang X, Xu X, Zhu T. Image enhancement algorithm of image compression[ A]. Proceedings of the Royal Society A
based on neighborhood limited empirical mode decomposition [C].2003,0rlando A ,SPIE Press,459(2037) :2317 - 2345.
based[J]. Acta Hectronica Sinica,2006,34(9) :99 - 103. (in [26] Rilling G, Aandrin P, Goncaves P. Empiricd Mode Decom-
Chinese) paosition As a Flter Bank[J]. |EEE Signa Processing L etters,
[13] , , . AR EMD 2004,11(2) :112 - 114.
[J7. ,2003,13(10) :104 - [27] Huang N E, Zheng S,Steven R,et a. A confidence limit for
1059. the empirical mode decomposition and Hilbert spectral anaysis
[14] , , . EMD Hilbert [A]. Proceedings: Mathematica , Physicad and Engineering
[31. ,2001,46(3) :257 - 263. Sciences[ C]. London, The Royal Society Press,454(1971) ,
Deng Y,Wang W,Qian C,et a. The bound processing prob- 1998:903 - 995.
lem of EMD and Hilbert transform[J]. Science Bulletin, 2001,
46(3) :257 - 263. (in Chinese)
[15] , \ EMD , 1967 4
[3]. ,2005,17 (10) : ,1999
2345 - 2352. : ,

Shen B ,Cui F,Peng S. Bidimensional EMD for texture anay-
sis and estimation o the instantaneous frequencies of an image
[J].Journd of Computer-Aided Design & Computer Graph-
ics,2005,17(10) :2345 - 2352. (in Chinese)

[16] Liu Z,Peng S. Boundary processing of bidimensiona EMD
using texture synthesis[J]. |EEE Signal Processing L etters,
2005,12(1) :33- 36.

[17] Damerval C,Meignen S, Perrier V. A fast agorithm for bidi-
mensiona EMD[J]. |EEE Signal Processing Letters,12(10) ,
2005:701 - 704.

[18] , , : EMD

[3]. ,2006,16 (10) :
1356 - 1360.

[19] Thomas B, Pallek D, Sommer G. Riesz transforms for the
isotropic estimation of the local phase of Moairé interferograms
[A]. Proc. Mustererkennung ,22. DAGM-Symp[ C] . Springer-
Verlag Press,L ondon,UK,2000:333 - 340.

[20] , , Hil bert [31.

,2007,17(8) :168 - 178.

[21] Isam M K,Sumi A ,Rahman M S. Andysis of temperature
change under globa warming impact using empiricad mode
decomposition[J] . International Journal of Information Tech-
nology ,2006,3(2) :131 - 139.

[22] Norden E. Huang, MarrLi Wu, Wendong Qu, et a. Applica

Email :xxgang @cad. Zu. edu. cn

1978 4 ,

Emil :xd 86 @163. com

1962 3 ,1996

Bmail :frm @dut. edu. cn

' 1968 12 ,2001

Emeil g @gut. edu. cn



