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Multi-modal brain image fusion method based on adaptive joint dictionary learning

WANG Lifang* , DONG Xiai~QIN Pinle, GAO Yuan
(School of Data Science and Technology, North(Unwersity of China, Taiyuan Shanxi 030051, China)

Abstract: Currently, the adaptivity of global training dictionary is not strong for brain medical images, and the “max-L,”
rule may cause gray inconsistency in the fused,ifndge, which cannot get satisfactory image fusion results. A multi-modal brain
image fusion method based on adaptive joint dictionary learning was proposed to solve this problem. Firstly, an adaptive joint
dictionary was obtained by combining sub-dictionaries which were adaptively learned from registered source images using
improved K-means-based Singular Value Decomposition ( K-SVD) algorithm. The sparse representation coefficients were
computed by the Coefficient Reuse Orthogonal Matching Pursuit ( CoefROMP) algorithm by using the adaptive joint dictionary.
Furthermore, the activity level measurement of source image patches was regarded as the “multi-norm” of the sparse
representation coefficients, and an unbiased rule combining “adaptive weighed average” and “choose-max” was proposed, to
chose fusion rule according to the similarity of “multi-norm” of the sparse representation coefficients. Then, the sparse
representation coefficients were fused by the rule of “adaptive weighed average” when the similarity of “multi-norm” was
greater than the threshold, otherwise the rule of “choose-max” was used. Finally, the fusion image was reconstructed
according to the fusion coefficient and the adaptive joint dictionary. The experimental results show that, compared with the
other three methods based on multi-scale transform and five methods based on sparse representation, the fusion images of the
proposed method have more image detail information, better image contrast and sharpness, and clearer edge of lesion, the
mean values of the objective parameters such as standard deviation, spatial frequency, mutual information, the gradient based
index, the universal image quality based index and the mean structural similarity index under three groups of experimental
conditions are 71.0783, 21.9708, 3.6790, 0.6603, 0.7352 and 0.7339 respectively. The proposed method can be used
for clinical diagnosis and assistant treatment.

Key words: multi-modal brain image fusion; K-means-based Singular Value Decomposition ( K-SVD); adaptive joint
dictionary; Coefficient Reuse Orthogonal Matching Pursuit ( CoefROMP) ; sparse representation; multi-norm; unbiased rule
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Fig. 1 Leaming process of adaptive joint dictionary
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Fig. 2 Fusion process of multi-modal medical image
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Fig. 4 Image fusion results
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