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Medical image fusion based on pixel correlation
analysis in NSST domain
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Abstract: To solve the problem of information loss in pixel-level multimodal medical image fusion, an
image fusion method using pixel correlation analysis (PCA) in Non-subsampled Shearlet Transform
(NSST) domain is proposed. First, NSST decomposition is performed on the source images to obtain high
and low frequency sub—bands. The intensity correlation factor between neighborhood pixels and central
pixel is calculated using the proposed center pixel variance, and the correlation coefficient matrix of
neighborhood pixels is constructed. The proposed correlation—sum of modified laplacian (C-SML) is used
as the fusion rule for high—frequency sub—bands. The energy of the central pixel and the energy gradient
information of the neighboring pixels of the low—frequency sub—bands are calculated to obtain the fusion
decision map for low—frequency sub—bands. Finally, the fused image is obtained by inverse NSST. The
experimental results about magnetic resonance imaging (MRI) and computed tomography (CT), positron

emission tomography (PET), single-photon emission computed tomography (SPECT) brain images
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indicate that the proposed fusion method can well retain the significant information and texture details of the

source images.

Key words: computer application; image processing; image fusion; non-subsampled shearlet transform

(NSST); pixel correlation
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under NSST decomposition
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Fig.3 Medical image fusion framework based on pixel correlation analysis
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Fig.5 Fusion results of the first group of MRI-CT images
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Fig. 6 Fusion results of the second group of MRI-CT images
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Table 1 Objective evaluation results of the

first group of fused images

WiR’S EN Q Qe Qy SSIM VIFF
CBF 4.5089 0.3739 0.6888 0.5437 0.4434 0.2796
CSMCA 4.5977 0.4172 0.7705 0.7435 0.5885 0.4263
CVT 4.4325 0.2485 0.4074 0.4301 0.2746 0.3645
DWT 4.3306 0.2717 0.4735 0.4610 0.2928 0.3606
GFF 4.6525 0.3750 0.7072 0.5603 0.5600 0.2483
MSTSR 4.5321 0.4138 0.7479 0.7003 0.5851 0.3650
NSCT 4.3689 0.2549 0.4460 0.4423 0.2859 0.3676
NSCT_LLE  4.8174 0.4257 0.7316 0.7687 0.6702 0.4455

NSST PCNN 4.8998 0.3932 0.5647 0.5853 0.6384 0.3884
A3 4.8315 0.4279 0.7895 0.7951 0.6978 0.4457

VIFF 845 LS 3 T i@ o, SIASCH LS
2 (1 il A PRGSO B8 DR AR Y S
AT S AR AP B A ROR B SR
FE M S5 3B A AR SO R T A R
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Table 2 Objective evaluation results of the

second group of fused images

ik EN Q, Qg Qy SSIM VIFF
CBF 4.1089 0.3192 0.7428 0.5706 0.4962 0.3733
CSMCA 3.9229 0.3566 0.8441 0.7757 0.7012 0.5107
CVT 4.1180 0.2560 0.4491 0.4645 0.3740 0.4271
DWT 4.0214 0.2726 0.5275 0.4955 0.3894 0.4253
GFF 4.2733 0.3261 0.8399 0.7611 0.7214 0.4718
MSTSR 4.0168 0.3422 0.8465 0.7778 0.7507 0.5187
NSCT 4.0416 0.2593 0.4951 0.4763 0.3825 0.4309
NSCT_LLE  4.3168 0.3859 0.7553 0.7931 0.8548 0.5657
NSST_PCNN 4.7590 0.3510 0.5395 0.5631 0.7958 0.4584
E'S 4.3983 0.3893 0.8572 0.8204 0.9035 0.5711
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Fig. 7 Fusion results of MRI and SPECT image

RIEF A EHAE S 2 47, B W] GFF 76 &
B O HAE BT 1 R IR (ER A A A & WL AR
P A FE W Z AR SO R T GFF ik, fE%k4
o, BORE QTR bR b, AR SO A AR KT
NSST _PCNN 1 NSCT _LLE J7 ¥ , {H & 22 i 9
AR JE Tl Ee 23BN . 286G T DA b S50 25
UL A Sy B E MRIEME 5 ECT B Rl &
T3 AR EA AT AT



(a)MRI (b)PET (c)CBF

(2)GFF (h)MSTSR

()NSCT

()NSCT LLE (K)NSST PCNN

B8 MRIEGS5PETEGHREGHER
Fig. 8 Fusion results of MRI and PET image

#&3 MRI-SPECT @i & BRI BT MER
Table 3 Objective evaluation results of the
MRI-SPECT fused images

ik EN Qo Qe Qw SSIM  VIFF
CBF 4.4407 0.4400 0.7580 0.7218 0.7459 0.4807
CSMCA 4.1450 0.3864 0.7400 0.7085 0.7205 0.4939
CVT 4.2760 0.2668 0.4771 0.5136 0.4504 0.3620
DWT 4.1654 0.3003 0.5321 0.5352 0.4667 0.3735
GFF 4.5299 0.4519 0.7882 0.7203 0.7175 0.4832
MSTSR 4.4779 0.3791 0.7374 0.7317 0.7884 0.5112
NSCT 4.2083 0.2794 0.5116 0.5240 0.4598 0.3710

NSCT _LLE  4.5889 0.4576 0.7758 0.7622 0.8072 0.5402
NSST _PCNN 4.5503 0.4497 0.7660 0.7445 0.7938 0.5424
A3 4.6213 0.4580 0.7795 0.7624 0.8137 0.5442

&4 MRI-PET Bt & BRI B IITM 45 R
Table 4 Objective evaluation results of the

MRI-PET fused images

ik EN Qo Qx Qw SSIM VIFF
CBF 2.9244 0.2479 0.8378 0.7696 0.8727 0.5064
CSMCA 2.8241 0.2400 0.8296 0.7685 0.8394 0.5060
CVT 3.2507 0.2382 0.8182 0.7597 0.8173 0.5197
DWT 2.9895 0.2192 0.5864 0.5914 0.4378 0.4527
GFF 3.1406 0.2411 0.8684 0.7642 0.7207 0.4551
MSTSR 3.1921 0.2485 0.8315 0.7748 0.7267 0.5396
NSCT 3.0286 0.2096 0.5682 0.5775 0.4279 0.4577

NSCT_LLE  3.2026 0.2556 0.8355 0.7891 0.9110 0.5600
NSST _PCNN 3.2543 0.2512 0.8375 0.7983 0.9163 0.5595
A3 3.2674 0.2613 0.8346 0.7811 0.9176 0.5601
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47 #1 (Pixel correlation analysis, PCAS) i & 2% [¥]
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Al 5 FIAE Ry il A RN . AR AR L R K RE
it DL R AR IAR R e R A B M E AR R Rr R
BAE B MRS PR B . e, il ad i NSST 745 e
AR A BE AR . FULPEM A% LTS bR &b R %
B S SCHE R I R R S A A st . s,
i 3 RGB-YCrCb Fi {4 55 [8] A8 e, 56 UF T A% SCH
RAE LA MRIEHME 5 ) 68 BE Jr it A 1R 4 1
e P, BEAS 14 B MIRT 4 (1 SO A5 B A o) g
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