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Abstract Given that random measurement matrix has defect in hardware realization, a scale-invariant feature
transform (SIFT) based on polynomial deterministic matrix algorithm is proposed combining with the sparse
projection of compressive sensing theory. The effectiveness of feature vector is enhanced by increasing the numbers
of orientation gradient. The dimension of SIFT feature vector is decreased by a polynomial deterministic matrix with
the measurement numbers of 7. Accordingly, the Euclidean distance is introduced to compute the similarity and
dissimilarity between feature vectors used for image registration, and kd data structure is used to avoid exhaustion.
Experimental results show that the proposed algorithm has better performance than the traditional SIFT algorithm
and some current modified SIFT algorithms. At the same time, the deterministic matrix is beneficial to hardware
implementation of image registration system.
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Fig. 1 Gradient magnitude and direction treating process of key point neighbourhood pixel. (a) 16X 16 neighbourhood
pixel of key point and Gaussian weighting window; (b) 4 X4 seed points; (¢) 18 direction regions of seed point
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Fig. 2 Standard experimental images. (a) CT image; (b) MRI image; (¢) deformed MRI image
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Fig. 3 Output images with five registration algorithms. (a) Algorithm 1; (b) algorithm 2 ;

(c) algorithm 3 ; (d) algorithm 4 ;(e) proposed algorithm
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Fig. 4 Comparison of difference images with five registration algorithms.
(a) Algorithm 1; (b) algorithm 2; (c) algorithm 3; (d) algorithm 4; (e) proposed algorithm
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Fig. 5 Clinical experimental images. (a) CT image; (b) MRI image
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Table 1 Performance parameters comparison of each registration algorithm

Performance parameter Algorithm 1 Algorithm 2 Algorithm 3 Algorithm 4 Proposed algorithm
Registration rate /% 67.3 79.7 85.4 91.2 94.5
Registration time /s 0.951 0.817 0.746 0.613 0.639
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Fig. 6 Experimental CT images. (a) Registration source image; (b) waited for registration image
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Table 2 Performance parameters comparison of each registration algorithm

Performance parameter Algorithm 1 Algorithm 2 Algorithm 3 Algorithm 4 Proposed algorithm
Registration rate /% 71.4 81.9 87.6 93.4 95.8
Registration time /s 0.763 0.685 0.617 0.524 0.553
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Fig. 7 Experimental images on BrainWeb site. (a) MR-T2 image; (b) MR-PD image
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Table 3 Total execution time comparison of each registration algorithm

Performance parameter Algorithm 1 Algorithm 2 Algorithm 3 Algorithm 4 Proposed algorithm
Registration time /s 26.732 12.527 15.161 9.154 12.659
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Fig. 8 Comparison of (a) mean value and (b) normalized mutual information with five registration algorithms
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