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Medical image fusion based on lifting wavelet transform

Li Junfeng', Jiang Xiaoli', Dai Wenzhan
1. Institute of Automation, Zhejiang Sci-Tech University, Hangzhou 310012, China;
2. School of Information and Electronic Engineering, Zhejiang Gongshang University, Hangzhou 310012, China

Abstract: Objective Medical image fusion is important in the field of disease diagnosis because it can improve the availa-
bility of information contained in images. Method To address the problem of multi-modal medical image fusion, this study
proposes a new algorithm for medical image fusion based on the characteristics of lifting wavelet transform. First, the source
multi-modal medical images after registration are decomposed into low and high frequency sub-bands by applying lifting
wavelet transform. Second, image fusion rules are put forward according to the different features of the low and high fre-
quency sub-bands. A fusion rule based on weighted region average energy is adopted for the low-frequency sub-band coeffi-
cients. For the high-frequency sub-band coefficients, the weighed box-counting method is applied in the fusion rules of low-
rise sub-bands with low noise content, and the fusion rule of the weighed local area energy of the image gradient is used for
high-rise sub-bands with high noise content. Result Several experiments that compare the previous with new medical image
fusion algorithms are conducted for gray and color images. The experiment results are then analyzed in terms of visual quali-
ty and objective evaluation. The proposed algorithm can effectively preserve edge information. Conclusion This study dem-
onstrates that the proposed algorithm based on lifting wavelet transform can effectively preserve a large amount of information

and significantly improve the performance of fusion images in terms of visual quality and objective evaluation index.
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Fig. 4 Fusion results for a normal

(f) SCHR[22]57 72

persons’ brain CT/MRI medical images

(a) CTIHEIE (b) MRIFEEIE () I{ 19];4«%

(2) SCHR[4150% (h) ASCEL

KIS Zbbiizeh CT/MRI B2 R A 45

Fig. 5 Fusion results for a diseased persons’ with

acute stroke CT/MRI medical images
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Kl 4(e) &I 5Ce) (& 6 (e) A FHSCHRT 13 132 Hi By
RHRE it IR 0 AR B R IBOHA S, & R &
B B 4(6) (BT S5 (F) V& 6 () A SCRRE22 ] 42
H KRR 22 HEIAS 5 v AR L SRR 45 45 1 i
FEGEE4(g) 5 (g) (& 6(g) R HSCHR 4]
Bt 1R PP 26 B R 7 22 i S AR R 5 | e T
BhJEE BEHE L IS il 5 B 4 (h) (BT S (h)
B 6(h) B A ST LA BN B R . R A B
AN TR B 3 SRR AT 2 A Rl R B B AR 1—
%3 iR,

M 1—3 2 RS LR LA 21 AH FEH A S
MRS 51, R AR SCBEE X CT/MRI Fif 5 )5 74 21

(@) MR-TIEREIR  (b) MR-T2UE%  (c) SCRR[191503%

(@) R4V (h) ASCE% (& &5 IE [ SD F1 QABF #E e kr iy, A3 3
B 6 2% PEIiIESE MR-T1/MR-T2 [ 2% [U(G i £5 45 ATDAE B SR A SCHR X MR-T1/MR-T2 @il & 5
Fig. 6 Fusion results for a diseased persons’ with multiple Bz H@Eﬁé@ff?/ﬂ; SD Fl QABF %B%Eﬁﬁ% M. k&
embolic infarctions MR-T1/MR-T2 medical images ZE1e A a] DA E 4 153 B ENIE

®1 BE4HEATRRMEEEFENEZMEESHRETN

Table 1 Evaluation of medical image fusion results based on different fusion methods for Fig. 4

LARCEEL D e 4(c) el 4(d) Kl 4(e) Pl 4(f) K 4(g) Pl 4(h)
IE 5.9327 6.0275 6.016 2 5.8112 5.9377 6.044 2
RCE 2.3346 2.4265 2.4456 2.4754 2.4704 2.424 1
SD 31.8215 31.9247 31.1391 27.2107 31.708 5 32.2628
SF 10.875 4 9. 640 4 9.730 1 8.5788 9.4737 9.5102
QABF 0.4362 0.6166 0.6137 0.460 7 0.5299 0.6373

x2 BESHEARRMAEEETENEZMEEGHRETN

Table 2 Evaluation of medical image fusion results based on different fusion methods for Fig. 5

PO RIS Kl5(c) Kl5(d) Kl5(e) K 5(f) K5(g) K 5(h)
IE 5.2307 4.7369 4.966 8 5.1621 4.4970 5.264 4
RCE 1.3888 1.2725 1.246 3 1.0306 0.944 1 1.164 8
SD 82.8497 85.9118 84.720 1 76.736 5 86.2657 86.3291
SF 27.748 3 33.4129 33.4796 33.0518 33.304 2 33.4314
QABF 0.3652 0.4136 0.4360 0. 406 5 0.4175 0.4439

£3 H6hEATAMAESS ENEFBRABRORETH

Table 3 Evaluation of medical image fusion results based on different fusion methods for Fig. 6

LARCIE LT l6(c) Kl 6(d) Kl 6(e) Kl 6(f) Kl 6(g) Kl 6(h)
IE 5.3407 5.5306 5.5677 5.1438 5.0214 5.3540
RCE 0.1870 0.1519 0.1589 0.1425 0.1354 0.1792
SD 72.3738 58.9225 59.7315 66.456 7 72.3726 75.7055
SF 39.1829 32.0810 33.804 1 32.449 3 33.626 5 30.085 1
QABF 0.4413 0.4337 0.4430 0.488 5 0.5059 0.5297

© [ K G BT AR AU A



1646

PEERERF IR

JOURNAL OF IMAGE AND GRAPHICS

Vol.19,No. 11 ,Nov. 2014

M A—IE 6 "] LA 2, WA SCRl & 3305 7
FIR L EMZR I 4 (h) (&5 (h) 1816 (h) BEEE A AL
HupR B CT R A 4 U5 B MR R 42
ZUGR B 1 EHR AT BT

T HE R X — 5 R 1A 4 PR A
(AR 2 Cni&l 4 () BrRJETE X3 B, anigl 7
JIts o HCRRIEN T 2% 11 I3 i s 7 31 WA SRl
FRARE I s PR B R R B AE B, AR &
S A o

(a) El4(c) il (b) El4(d) =il (c) El4(e) R

(d) B4
K7 &4 PR E G RER X E H
Fig. 7 Compared part of the fused images for Fig. 4
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Fig. 8 The flow chart for MRI/SPECT image fusion algorithm
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Fig. 9 Fusion results for a normal persons’ brain

SPECT/MRI medical images
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Fig. 10 Fusion results for a diseased persons’ with metastatic

(h) ASCE

bronchogenic carcinoma SPECT/MRI medical images
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P 10 () Sy L SCHR [ 4 14 H A9 - 2086 B Ay 22
i SRR 15 o W TR L RE e LA A 5
B 18 9 (h) (& 10 Ch) S REHIA SCRIEAR B A

xR @ ER PO, AR 3l RGB B (8 38 73
BEATPRAY , SR AN D e R A PERESE AR , 704
AN 4—3FK 5 PR,

x4 BIHEAREAMEEETENEFZMEEGHRETN

Table 4 Evaluation of medical image fusion results based on different fusion methods for Fig. 9

RAEEED K9 (c) Kl 9(d) K19 (e) Kl 9(f) Kl9(g) Kl 9(h)
IE 4.190 8 4.2221 4.2156 4.260 0 4.068 5 4.100 6
RCE 0.200 1 0.176 5 0.1742 0.1922 0.1899 0.1782
SD 64.026 3 59.488 8 59.5283 60. 910 4 56.575 1 67.790 5
SF 19.971'1 16.949 1 17.176 0 13.5358 16.281 4 17.701 0
QABF 0.3732 0. 406 3 0. 409 7 0.2536 0.428 1 0.568 3

x5 BEHEARRBAEETENEFMSERNRETN

Table 5 Evaluation of medical image fusion results based on different fusion methods for Fig. 10

PR R K 10(c) Il 10(d) € 10(e) Kl 10(1) K 10(g) P 10(h)
IE 4.6513 5.2553 5.2504 4.4871 4.4780 4.5543
RCE 0.456 2 0.589 1 0.5747 0.3567 0.4204 0.4106
SD 71.166 3 67.087 6 67. 068 7 63.5532 70. 404 0 74. 066 1
SF 22.546 4 19.0112 19.268 6 16. 188 7 19.266 8 19.344 5
QABF 0.3615 0.3937 0.3942 0.2926 0.436 3 0.494 0

LIPS EE T F o BEUE, L) QABF Jydk
RETEDR, KM TR RECIL T k. TR o 105 2 4E
FEE , WG RR AR PR D 20, BUEL N (0.5, 1) By BE
PUBGEAT 30 TR HRIRAT R AL, B TS 1
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