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Abstract: An adaptive medical image fusion algorithm based on the representation of bidimensional empirical
mode decomposition (BEMD) is proposed. Source medical images are decomposed into a number of bidimensional
intrinsic mode functions (BIMF) as well as a residual image. Image features are extracted through Hilbert-Huang
transform on the BIMF. Then the composite BEMD is formed by region-based fusion rules on data representations
of BEMD. Finally, the fused image is obtained by inverse BEMD on the composite representation. The BEMD is an
adaptive data decomposition representation, and has better performance than Fourier and wavelet transform. The
proposed algorithm does not need predetermined filters or wavelet functions. Experimental results show that the
proposed algorithm provides superior performance over conventional fusion algorithms in improving the quality of
fused images.

Key words: image fusion; bidimensional empirical mode decomposition (BEMD); Hilbert-Huang transform;

region-based fusion rule; region segmentation
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PG Rl 2 B R R SR T G Dby 6 T 7 S ) TR R i B0 5 T 24 ST At A e 114 P il 5 920 K28
FEF 23 I AR A SR AL BT 3 0530 . PCA Jrvdi &x B Rl S5 2 1 2 Saf RN A1 4% 99t 1) PR A4 il 5 5
75347 Fourier 284 17 P45 Al 5 /N I8 43 A2 0 1) PR il 2 B0 66 T 2 Sall RIS 2 486 1y P45 il 45 B9 2 L i
WAL 22 B G Rl A 5535 Fourier A% 46 2 1 b IR 20 3 R0 40 28 3 ke A% e 181 480 % B A% BV RR IR AT SR BRURI 43 AT,
B E Ay ok R BRSNS S E A B SR B B R A AR AL D AR e 2 20 AL 80 ARSI R

2 WA AR, /NI 43 I T TRUSE 8 SL I 30 25 B8/ IN 3¢ o 50, 3 ELA [0 114 12 FH SR FH AR ] (1 08 8 8% B /1N 38 Ry
HOT Rl i (1 B AR5 RS AR R,

1998 4F, Huang 2 NP L T 486 8545 43 % (empirical mode decomposition, fij Fk EMD) [ 3& ¥ (1 £ N {5 5
ARIR T H A% T7 1R R I O R ZR MR R AR RS AS B BR 126 4T 4 A EMD A2 — R s S R e L B A
FU /N 43 A T e 1 2 (R RO B 2 K5 . — 4 EMID R U I IR (5 5 I W B 1 B e 4 R B Z 445 5 1 oy
1 Nunes 25 A 75X 45 SCHE ) 2 HORT P % 98 9% 257 1R A T EMD JE ARS8 SCHR[9145 EMD 43 fif s FH 1) 12 sk
P 15 11 2 7 Ak L P A SCOKs — 4 42 B0 1525 43 fif (bidimensional empirical mode decomposition, i # BEMD)iz H #
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Fig.1 [Illustration of BEMD under the Cauchy-type stopping criterion
1 RH Cauchy-type {5 1k 45 #Ff¥] BEMD 544
Table 1  Sifting times and 10 value of the BIMF
% 1 BIMF [#fikik AR EOm 10 i

Stop criterion Threshold BIMF1 BIMF2 BIMF3 BIMF 4 10
Cauchy-Type 0.3 3 5 7 14 0.004
BEMF definition 0.2 9 10 12 26 0.016
Energy difference tracking 0.001 2 6 10 17 0.002
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Fig.2 Region-Based BEMD fusion scheme
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e,(m,n) L (m,n)+ e,(m,n)
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R B (1 ¥ 2 B 3 S A e W P TR e K T B R = i A
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DF(m’n):{Dz(m,n), al(m’n)<az(m’n) "
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A TS 1 B2 2 BB S50 R L T UB5E CT R B SL 4R MIRT 7= AE BUGLER 2 A3 X 1 [l A =X 1y B 2 R 4R
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(VE A 77 10:(Xydeas J7¥%).Piella J7 kA& — BRI FEVEAE DGR AL, UG T3 550 B DA KOS FU 358 2 DAl T 45 i o
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FRCR Bl A o I R B FE B A5 R B 4, LB HER (R i BRI G R SO 2.

B T EMVEAG 2 Ah, 2 2 1045 T R Xydeas il Piella J7 757 A 1) 2 W 1 1) 43 BT 4l BEMD B4 il 2
SEATIZE CT AUZR LR MRI UG HEAT Rl & 1, Xydeas FI Piella PPAR 48 bR 4% T J0 A PG il & 5002 R 31
s Piella 7% Qu Ml Qe Fabr il il 50 24 W i, Ut W] BEMD J7 VR 3 52 BUG ™ A K il & R TG e 78 UG S B ATE
BT T AR AF A3 2 O T A3 Hr BEMD Rl 53000k SADUNE FH ) il o5 20CR 31T 1B 0 oAb i e CT
AZREIEIR MR 725 R BEAT 1 Rl 9296 M LR, S 0 45 R (R FE R W] T BEMID 5 J200) MR I R b & BAT R
L Rl OR.
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(a) Input image CT (b) Input image MRI (c) Fused image of Averaging
(a) A CT E& (b) A MRI E{& (c) PRyl E %

(d) Fused image of Fourier (e) Fused image of HWT (f) Fused image of BEMD
(d) Fourier ¥: il & 1% (e) HWT gl F % (f) BEMD %Ll 7 Bl 15

Fig.3 Fusion experiments on CT and MRI images

Kl 3 CT #1 MRI B4 1) Rl& sz

Table 2 Evaluation on fused images of the CT and MRI with the Xydeas and Piella metrics
F 2 Xydeas #l Piclla 845X CT I MRI [FRLA R OPAl

. Piclla
Fusion method Xydeas o) ™ 0r
Averaging 0.394 0.613 0.6 0.541
Fourier 0.394 0.613 0.601 0.541
HWT 0.659 0.705 0.755 0.740
BEMD 0.686 0.796 0.789 0.761

3.2 EIMIER T ARMRSHZ#ELRMRIEGMMS

Bl 4 25t T I3 8h— 2R AP S AN )l 285 £ 1 2% [ 450 Rl 5 10 52 56 6 2R, P i 90 4k P 452 R 3R 3R MIRT
7 P IR i P 45 U P 45 2359 DA T ISR T2 AL FRY 7 e AN ) B 2877 A 1 MIRT R (TR 4(a) 18T 4(b) T 7), T
IR 28 1Y PG RE W 2 0 P 20 (R AR 3 2 A M £ 6L, T2 ISR 28 1) P14 RE 6 4 A1 1 4 AL URNAR I W AL 22 )
BRI 22 50 N Rl ) 1) &5 SR P T DU HH P38 RilA R Fourier RillA 80U IE A2 B 72 (K HWT Rl BG4 %6 J RS
PR LA 2 A /NI il 0 BE 2 A3 P it e, W B 1 48 S 0 PR T2 BEMID [R5 PR ORI 2 B2
7342 WA e R P BT 2 M R R 0 25 5 B 53 A0, FRATTB I Xydeas A1 Piella J5ik#E4T 7% 0 € &
(K350 BT, At it UL 3.8 WL VPAty 10 A0 [ A 2 W), A SCHR H 1) BEMID il 15 S0 A J LR il 7 S0 b R e DL ).
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(a) Input image MRI-T1 (b) Input image MRI-T2 (c) Fused image of averaging
(a) K% MRI-T1 (b) HA KR MRI-T2 (©) “FEILEEEG

(d) Fused image of Fourier (e) Fused image of HWT (f) Fused image of BEMD
(d) Fourier ¥4l El1% (e) HWT ik Kl 1% (f) BEMD %l 5 5

Fig.4 Fusion experiments on the MRI images of different modalities

4 AFEIFBIZASH MRI B & SE 5

Table 3 Evaluation on fused images of the MRI-T1 and MRI-T2 with the Xydeas and Piella metrics
# 3 Xydeas fl Piella #5454} MRI-T1 A1 MRI-T2 [1Jfi& B {5 DAk

. Piclla
Fusion method Xydeas 0 Qw 0r
Averaging 0.263 0.204 0.39 0.406
Fourier 0.263 0.267 0.39 0.406
HWT 0.278 0.285 0.474 0.652
BEMD 0.326 0.337 0.495 0.686
4 HRIE

BEMD {445 5753 BEMD 3. BEMD 43 i 5 15 & — AN B U0 — 43l o o TR e HAT L
Fourier A2 A4 /N o3 8 58 G 1o R 1k — P 13 I 110 22 RO R0 0 88 A A 77 1 0 4 30 3R 80 1) AN 4
PSRN A R T TS 52 I 6 e 2% B /1N BR B BEMID  BE A b E I 52 (14 235 1) 9% Pk 4558 () PRI A R 11E 8 1)
T F 4R AR LR R AR AR A B B A SO AT FIE AT T IS 2% S BEMD 43 A 3 X Il A 1) s 0, 4
H 7 BEMD 43 i J5 He P9 245 0 £ BIMF 1) R4S HE SR U725, LA & BIMF 0 34 B A% 11 DXl 75 0 ) B A1 ) 6
P 2 P A% AN [) A5 X 2 0 () P A A T A58 25 6 1) 0 AL PR R AT T S e 5 R R W AR SR IR R T
BEMD (1) 5 il 5 SRR B T R 48 1A B & 3 R
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BEMD P4 il 75 5035 /2 K BEMD 23 fift 128 I 31 1 2% P 45 il 15 4005 1) i 2 2 ROPE P 8¢ il 5 55095, BEMID 7 i
(1 BEL R S il 0 Kb A R Bt FRANTRE g P 5% Rl 5 AU 16 2 A4 8 A0 3 vl v DI PR AL R B e, 4k 82 A
HE— 20 RS UL SN BEMD  J3 fiff 1 R 5005 0 — AN IEACT S B, o8 3558 % B L /N iple 20 i v AT b0 AR SR
¥ BEMD E/& il S72 10 T B B0 BB X AR BEMD UG il & 50956 (1 2 S 2, BT 1 ) S 0 7
FRAIE ST B8 e T SR ) TR A A5 Bt o 0 S0 A 25 20 ik B R B 1) 38 T 4 BEMID & 51 il 15 S5 B A
TR BEMD S o A< 2 B R AU 132 ] v R4 SR IR A .
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