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Abstract: A new local mean value computing algorithm is proposed based on the theory of the mean value matrix filter sets.
The algorithm computes the weighted mean value of the matrix by multiplying a mean value filter matrix to each side of it. This
special matrix can be calculated quickly and simplify the process of envelope computing. Based on the mean value matrix filter sets,

a fast two-dimension EMD algorithm is proposed . Experiments show this algorithm works well on image fusion. It can also reduce

the computation time by 1/100 ~ 1/1000 than that of the traditional EMD.

Key words:

1 51§

1998 4F 2 [€] %% % Huang'' 248 1 1 — F FH 5 20 #r
AP R AR L M 1 BE T 2 9 A R X ik 35D 1 (Empini -
cal Mode Decomposition, & # EMD) , ‘B f& 4 T3 i 48w
BRAFAE Y | B 35 B AR A TR LAk, —4E 2T
B I3 (BEMD) Y WFFE AR TR A, © 28T 1z i FHTE
120 o Rl A SR 2, I A Han 45 A 3R
HH A B ) AR 28T T A0 ST Nune S5 4R H A9 3T
Tk R AR B 45 o T A R 2 I o S 0
T4 6] J5k pR B B0 25 1) — 4k 2 00 R 0 i f ok 1K
3£ B PR AR IR 22 B 2 3 12 1) L R A S A B 22
IR 15 X ek A B AR AT B R H

Wik H 11 :2011-07-18; & 7] B 1 :2012-08-25

fast algorithm of empirical mode decomposition (EMD) ;mean value filter matrix ; image fusion

B AT A A 3 PR ) ) L, R T AR S PR AR 1Y
IO A SCHR M T — T s T Sl PRk — 2 22 B0 5000
759 AR DRUE S AR ABCR Y [R] 5 , 2 33k [ e A% 52 EMD
Tk E TR AR

2 HEEFERKA

EMD 3 3395 (18— & B A e 55K o 1 S 7
YIME, LATE EMD 3 fift 249 5% FIRAE -5 B R B /ME R A
b AL E SR I E I 3k AR U B MR, AP e AR E 1
28 3 D8RRI B L AR SCHR 1 — Rl AR e 24 (G
IEPARIIE R TT 5 b 1AL G070k A Wi SR A
(LA TA] AR 0 A 40 B, AT 23931 7 3fe A ofe ) 45
HiFE P Q SEELX mox n BUFERE A BYAT S0 AL 4. 40,

HEH E K B AR EE4 (No.60975016) s B AR 34 (No.61002052) 5 1L 744 H 48B4 542 (No. 20082176)



%10 M S8 I T I EE PO L 4R SR 2 A T i 1981

PCi(r), i+ 1(Ck))FmApiRES /70 r 5N i -1
I kS, ML i + 14789 kA5, QGi(r), i +1(k))FR
VAN VA L S I LSS O oy A O e A
VA B2 r=1/3,k=1/3 B, 005550 P(i(r),i
= 1((h) TR A W13, ;= (1/3) x a; ;-1 + (1/3) x a;
+(1/3) X ag oy BIRFEAF 1 a, 5 L F WA TR LAY
(B 173 1920V 35908 . ABLRHE, SORMAEE A H—4 b
A, BT AR A BEATER AT B R AR BIAE A 1Y

Fe e m ARV 1] PG () x A.
FIRE X A S5 AT 75 A7 1,
A 1T Uk () T m AR AAE 251

] 2 i 2 SCTE R Bt — )
il

Er k
P= Er k
Er k
- - (1)
1k _
roo .,
R
0- oo
k" k
" 7
L k 1_

R Ry 22 (L 008 Ot 0 I . DR 8, 3 0 A 3 A 9 49 (L 068 U8
R, SR PR &8 S 4 (L ) Ao 2 AT 43R O

EE1 XT mxn BEEA AENTEANY
HIEBHFELA PV Q, Hh WIS 79 A S S (B UE 0 P P
ER™ . QE R, f§if3 B=PAQ N A [ x B REREY

{EHRE , Horp ipﬂ:l,i:l,Z,“'m, iqb=1,j:1,
2, n. v v
BN x =1 8F, PQ (1) Ur7s i = X5 F BE . F
WML, Y r=1/3,k=1/3 B, P~y Q W 4590 % & — 5 Y
= AR .
3 ZHESHREZEERXNBEE

FR A 55— A0 249 (0 S0 ¥ 0 % 4L R 4 M 38 (i 1
B, AR HR Y TR S A R A 0 A ) PR Ak

A A = 2 IMF; + Ry 71 145 40 % VA% IR 2 4 1,

Hor IMF, € R™ 255§ IR i N Za A = ok 8 oy i
RE R " L IR Ja R A . 2B S i &
IS oA L T R O

(DWIMEAE:i=1,IMF, = A,R, = A;

(2) FIFARISEAT IV AR E IR M P QIS i
AR IMEEIL H, = P x IMF; x Q, 153 IMF, = R,
- H;, R, = H;;

(3)FEE AL IR(2) MHRAE , B 200 2 BE 24K
11k

(OBd g —KM R, RS R,.

AR RN E G P B2 L, 15 3 &
S22 IMF. i FIEIE B FE P A Q R =
A3, i FLAEZ 4 AR I AR R P A QB4 iR K i
PZE A REH AR E AT AN EE. LK/ 256 x
256 1) lena #r #fE 18] O B, 43 fi# 1000 J2 AR H A T
11.367269s, {H 432 2 [8] 1 40795 22 5 HIAR /N, 13X % T2
Iof A A A WA B 1Y . SRy 38 B PR A i 1) H Y, FAT
TEAN ) 431 12 R AN [R] A 40380, S it , 42 o ek i )
SEAT AR M DR B PO Q0. PP R AENR K P LA
LU L AL SR L A TTR M
TR B S8 2h + 1 (AL 55 5 LR 35T
R KIS B AT AT 1508, h oA 98 280, ik (2) . &
AR TR PQ B A Y 2 50748 A IR W A% . 49 4
B H h =1, (2 x 1+1) =3, IR E h
=2, TN (2x2+ 1) =5, LASL2RHE. etk 5 i — 4 (5
PR 28 WA A R A AT IR R

(D¥GAL:i=1,IMF, = A,R = A, h=1;

Q)WIFATH AR B IR B PO Q° 58k 2h
+ 1,0 ERER 1/(2h + 1), 3HES i IR
HEUR H, = P x IMF, x Q°, #ETfi 15 8] IMF, = R, - H,,
R, =H,h=hx2;

(3)ER IR (2) MHRME , B 200 L BE /2 5K
I1k;

(@) fefa—IKM R, W4 R,.

1
k r k
keook r ke--k
P=| k---kr k---k Pe Rmm
k---k r k---k
L |
h™Nk k r k
1

2
IR TR AR D PR L P T 2 Y



1982 H +

2 2012 4F:

TG MR UL, BEE 452 IMF AR B SR I AN
Wr K, SRA(E A 2 38k Bt =2 386 K, o] DA 25 A a2
O3l VR R AR Zad R LB I UE , AR TE X
Y R ZBEUR , RF it 102, ik BB HUAS [ 47 14 40 ff 5%
B AAN  ENRES T 1/ (20 + 1) 56, 38 0] LIARHE
AR S B 5 3K, PR AU, AT BUAS AN 8] 1) 23 il 0
AR E R A REL
AXEFHTRIZNETERE h=hx2, 282
52 Z a1 58 )2, O R 43 i R R 1 IMF 23 B 5%
S . XF I, FTAE R 5 20 Z 0] BN SE R BN b

(@) (®)

—e— fabemd
—o— bemd
—— nlemd
—a— asbemd
—a— fbemd

iy
o
o
o

400

\\

0 = =

1 1
512*512 1024*1024

IHIRER KRR I

the Size of Image/number of pixel

B2 & FEMD v I 1] L
SR IR B 7 A ) B T SR A A, AR S 5 R g
k2 B 55 X > % (BEMD) | BR 45 38 22 56 B 5K 4> i
(NLEMD) | {5 5 %l B 2 3 B X 43 # (ASBEMD) , 3 F i
FPGETIIE I 2% 1 DL A 35 R 26 56 455 X 4 % (FABEMD )
(432 53 7 BE R AT HO 5, Herp BEMID R FH 14 9 306 Y 8 3 %

256256

I3 f I T8 /s
Elapsed Time of Decomposition/seconds

(b)) MREI

(c) nlemd@li & 45 1

+i,i=1,, b BRI SRR T DAk B o0 S IMF
(SES UL YA

4 SEBIRSH

1 A 3C FBEMD SEEEX lena BT 5 IRE S
B HIRCR [, Rl A B 56— 2 (b) 71
ikt A D PR 5% 0% A0 3 o L 8, Sk i 0B R 300 5 3 W
ATOLBNER R (o), /AN B2 SEASBEIEBR 1, /T
RBERER—LL i 45 8, 5 = )2 (d) i S 20 7 R
A FURIE B AR B AR B () DA S A
AWIMER.

(@ (e
Bl RELBERD) R BMR, /5HF R E 40.093588S; (a) K R E:(B)(c)(d)(e) AR ARELBMRS RN 1-3BImfRBKE

B 2, ASBEMD W5 B 55400 8,07 20 5, Tk AL
R 2, fREE R 3 )2k E 2 5 H A EMD Bk
FL A AT D, | AR AR e B W g BT HoAth EMD 23R 3
ERUGER A , 3 o f 35 F A b I

& 3 J& M EMD J5 ik F /N 5 ik 647 3k CT #l
MR G Rl G 8RB, S5 R F i o d5e K 1) SR g 2R A T
EURAG R PG . IE TR , A 3CHY FBEMD J57% (e ) il
BIGW B AT T /N R G A SO (d) LT [F] 2 EMD
B T Ak R T NLBEMD ( ¢) 75 325 F1 FBEMD (e )
J75 , FBEMD J5 1% (e ) G B2 4 1R il 45 8 07 . 4 i) 2 DA
21 R 18 B Sk F , FBEMD He /N & B 24 10
%, B4 BEMD $R25 20 fi5, b NLEMD R %5 80 5. A<
R Y 52 I8 B 2 AE Pentium ( R) Dual-Core CPU
2.60GHz 40 ,2.00GB PN £7-Fic & 11 L A 1 58 B

(d) /MERE (e) fbemd#li & 45 1

E3 AREMDR&H L RILE

AT T B E AR g DA O, TR AL T AR S

2R A A EOR L 45 9 07 3k ik 0 T 1% 42 07 ik o
S W SRR A R 1) 0, 42 i T SRAROR . AR
FEFEDE I 2 BV SR A L, SOHE T ) S AT A 8 g



%10 M B

B BT PR IR 4 B — (5 S PR e i X i O vk 1983

i ARt T 255 i Pl 22 g B o0 i 1 is
] LEARGE 00 EMD T3k e i 1 PR =S50 2. i TR
2RI i 07 1k EAT R RS, RCR A T AR Ty
2, 90 HOT T2 b 2

®1 EMSBAEEGHESEENE
BEMD | NLEMD | WT
S CT(256 % 256) | 11.488620 | 42.308374 | 5.232437

FBEMD
0.597187

5% 3k

[1] Huang N E, Zheng S, Steven R L, et al. The empirical mode
decomposition and the Hilbert spectrum for non-linear non-sta-
tionary time series analysis [ J]. Proc R Soc London Ser A,
1998,454:903 — 995.

[2] Rutkowskitm T M, Mandic D P, Cichocki A, et al. EMD ap-
proach to multichannel EEG data —The amplitude and phase
components clustering analysis [ J] . Journal of Circuits, Systems
and Computers,2010,19(1):215 - 229.

[3] Looneyd, Mandic D P. Multiscale image fusion using complex
extensions of EMD [J]. IEEE Transactions on Signal Process-
ing,2009,57(4) : 1626 — 1630.

[4] Rehan N, Mandic D P. Multivariate empirical mode decomposi-
tion [J].Proc R Soc A,2010,466(2117) :1291 — 1302.

(5] TREN], TR e, £ 208, 45 . 229X /)i (EMD) K HoN
FALI] . Ho 724402 ,2009,37(3) : 581 - 585.

XU Xiao-gang, XU Guan-lei, WANG Xiao-tong, et al. Empiri-
cal mode decomposition and its application [J]. Acta Electroni-
ca Sinica,2009,37(3) :581 — 585. (in Chinese)

[6] Han C M, Guo H D, Wang C,et al. A novel method to reduce
speckle in SAR images [ J]. International Journal of Remote
Sensing,2002,23(23) :5095 - 5101 .

[7] Yue H Y,Guo H D,Han C M, et al. A SAR interferogram fil-
ter based on the empirical mode decomposition method [ AJ.
Proceedings of IGARSS 2001 : Geoscience and Remote Sensing
Symposium[ C].New York: IEEE,2001.2061 — 2063.

[8] Nunes J C, Bouaoune Y, Delechlle E, et al. Texture analysis
based on the bidimensional empirical mode decomposition with
gray-Level co-occurrence models [ J].Machine Vision and Ap-
plication,2003,2:633 — 635.

[9] Yang Zhihua, Qi Dongxu, Yang Lihua. Signal period analysis
based on Hilbert-Huang Transform and its application to texture
analysis[ A] . Proceedings of the Third International Conference
on Image and Graphics [ C]. Washington DC: IEEE, 2004 .430
—433.

[10] Xiong Changzhen, Xu Junyi, Zou Jiancheng, et al. Texture
classification based on EMD and FFT[J] . Zhejiang Univ Sci
(A),2006,7(9):1516 — 1521.

[11] Nunes J C, Guyot S, Delechlle E. Texture analysis based on
local analysis of the bidimensional empirical mode decomposi-
tion[ J]. Machine Vision and Applications, 2005, 16: 177 —
188.

[12] Xu Guanlei, Wang Xiaotong, Xu Xiaogang. Multi-band image
fusion algorithm based on neighborhood limited empirical
mode decomposition [ J]. Journal of Infrared and Millimeter
Waves. 2006,25(3) : 225 - 228.

[13] tRod ™, F2200 , R GE NI 45 . 2k T FRAR I EMD /Y K150

58 [T] . #8 T4, 2009,34(9) : 1635 - 1639.
XU Guan-lei, WANG Xiao-tong, XU Xiao-gang, et al. Image
enhancement algorithm based on neighborhood limited empiri-
cal mode decomposition [J]. Acta Electronica Sinica,2009,34
(9):1635 - 1639. (in Chinese)

[14] Xu Guanlei, Wang Xiaotong, Xu Xiaogang. Improved bi-di-
mensional empirical mode decomposition based on 2D assisted
signals: Analysis and application [ J].TET Image Processing,
2011,5(3):205 - 211.

EE " T
2O A, 1983 4F 8 A AT TORIE
7, BN 45 91550 FRBALARIW A . BF9 J5 1ml
o GRS 3
: E-mail : guojia828 @ 163 . com

= g =

EEE F,19624 3 HHATHILLY,
B 1t 22 IS T~ e v R 82 I S 1
b A AT 1 D AE S A R AR T AT
o1EE N
E-mail : dljtxywxt @ 163 . com



