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Multi-modality medical image fusion method based on non-subsampled contourlet transform

JIN Zhen-yi, WANG Yuan-jun

Institute of Medical Imaging Engineering, University of Shanghai for Science and Technology, Shanghai 200093, China

Abstract: Image fusion method based on wavelet transform just decomposes the high frequency information in horizontal,
vertical and diagonal directions, easily resulting in the discontinuity of image contour, while the fusion method based on
non-subsampled contourlet transform (NSCT) decomposes the high frequency information in multi-directions. In the paper,
the coefficients of the low frequency sub-band were combined by the average weighting regional energy rule; the innermost
coefficients of the high frequency band were combined by the weighting regional energy rule; the outermost coefficients of
the high frequency bands were combined by the maximal regional energy rule. Based on the experiment of fusing the
registered positron emission tomography, CT and MR images of head, the clarity, information entropy and joint entropy
were applied for objective evaluation evaluate. And the edge information of the fused image was extracted by 'prewitt'
operator to make subjective assessment, proving the advantages of the proposed algorithm in visual effect, information
content, real-time and the long contour expression. Compared with algorithms in two published papers, the image fused by

the algorithm proposed in the paper has about 7% increase in information content and 31.7% improvement in clarity, and

reduces nearly a half of the program running time, showing fantastic potential applications.

Key words: image fusion; wavelet transform; non-subsampled contourlet transform; regional energy; average gradient

b

1

[l

ULAER Bl Tl B AR THEMURMF L 2
PR R | R 2R A5 5 52 B R 6 22 11 Bl A5 A
Ao BXELZAR LA AR AN ) A5 5 S WA [ g
PRAFAE 100 . CT UG B 3 PR i, REVE M s

(¥fs B #3]2016-01-17

[(BE£MA | E %K HARFEH 4 542(61201067); [ T A ZERHFA1H
I H (13YZ069)

(EE® A IS0 (1992-) , L - LAFSE AL D907 1) < BE 2 I (5 Ak 2
543#7, Tel : 18801733510, E-mail:sica_jin@163.com,

(B 1EE | Em42(1980-) , 55, BB, WA W5 O ) « B Pl 1 Ak
B 4307, E-mail:yjusst@]126.com,

JoT A0 45K s MR BURFRAL ZL 0 Fo i, o] iR
155 25 R 4% 1"]@@ s PET R 2 Ik R A
A8 B R e 2 4 1 A TR B RE R A QI
LA R 2 PG Rl A H R T LAGS & 2 RS i IR 2
FURAE S S F AL, dkpb il F i — i R 22
1GRAR BB [R] 18 1 75 BB, A B B A X g
TR P S W FA T

FEUZ Rl A fc 5 BUAE 20 40 70 4R48, Pohl 45
XoF 1A AR 4 A R SR - PR il i i R
N PR 5 22 e R A B — R AT R . Bl 20 1
20 80 AEARAF A AR LSS REPE 25 28 22 RUBE 30T 1k
M, Rl A R A B KA T, R & R TE 2



~ 446 -

Hh [ R 2 B A RS %i33%

H R ARG R N BTN AR
(Wavelet Transform, WT) [ EIE fil & 77 1 A2 I 4F ok
AT BB RGBS e T e R i
FRILEHI R EBALRRAE 5 53 80, AHEE T AL AR 4, WT
WG A RN ARG S AR, (H, FE RS
S HARH b WT AU 7K (I B AR =A%
MR B Rk Z B BR o 8 B P A i T
2002 4FF1 Do %5 W i A AR YL T K AR R R
INTESEEZ BRI, 2 S5, Zhou 55 17 X} 8 J5 i AR
ATkt , B2 AR RS E I 25 45 (Non-subsam-
pled Contourlet Transform, NSCT) , I F 2005 4 %4 &
THRIE L, GO NSCT HAS R AR ME, 450
T A T 0 A R, RS R TUAR S B
i Ab B J5 0 UG A A AR ZEK

AR S A FEAGH 0] T WT 8 il ik
T NSCT & # (& J7 1%, B0 IE NSCT g M1 HAT
1) 2 5 PR 22 B3 B 2 MG Rl A b i 1 FHAR 5o

Decoposed
——WT—>
Inage A Hr coefficients A

T3H0 BT XZ R AR T — Rl A KU I i S
B UE RS M AL

1 BEFERE

FA TE A WT NSCT BRI S T 41, 9%
JERFAR SCHR Y ) 2R 5 LU AN R S R AR A T B
AT AR SCI R P Rl R B ) BN 25
1.1 WT

WT B R ELS , 1 E20  EHR AT /N oy
R L1 N R = R DO 6 o e e € W
TEAS R T2 L REAN[R] A9 38 o3 2R HIAS [ A il 25
AU AT Rl 5 A B, 2R A R R 9 R BT 18], R
PR T/ NP A B RS S B R . R A
7, /N R B) A R B E — E R JEE b R R 2 14
GO BEAE AL I ZURR BE , Wt A2 G, 2 X E R A
W/ A W R A %A B AR IR B AR AR 2
A REXT A R A G A W E AR R

Decoposed

Image B W coefficients B

Fusion Fused Fused

rule coefficients — VT Image F

Decoposed

Image C W coefficients C

El1 &ET/VREHREGRARE

Fig.1 Flow chart of wavelet transform—based image fusion method
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Fig.2 Decomposition of NSCT for three layers

NSCT: Non-subsampled contourlet transform
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CT: Computed tomography; MR: Magnetic resonance; PET: Positron emission tomography
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WPT: Wavelet package transform; LWT: Lifting wavelet transform
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Tab.1 Evaluation parameters of experimental results based on

different transform methods

Item Average gradient  Information entropy  Joint entropy
Fig.5a 13.9333 5.5285 8.069 7
Fig.5b 13.717 2 5.5215 8.0619
Fig.5¢ 13.978 5 5.503 4 8.040 4
Fig.5d 15.4523 5.698 1 9.2102
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Fig.6 Fused Images based on different fusion methods
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b: Literature[17]
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Fig.7 Contour of Fig.6 extracted by 'prewitt' operator
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Tab.2 Evaluation parameters of experimental results based on

different fusion methods

i Average Information Joint Running

gradient entropy entropy time (s)
Fig.6a 13.865 7 5.399 1 9.346 9 171.652
Fig.6b 12.678 4 53877 9.333 8 363.174
Fig.6c 17.485 8 5.763 8 9.3595 84.495
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