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Three dimensional rotation estimation and its application in medical image registration

ZHANG Wen-miaoyun"*, ZHOU Wu*, DAI Pei-shan'
1. School of Geosciences and Infophysics, Central South University, Changsha 410083, China; 2. Shenzhen
Institutes of Advanced Technology, Chinese Academy of Sciences, Shenzhen 518055, China

Abstract: Objective To propose a three dimensional (3D) rotation estimation method based on statistical correlation of local
gradient information, because the image registration based on iterative optimization generally consumes much time or easily
fall into the local extrema when the iterative initial values are far away from the target values. Methods A 3D Gaussian
gradient filter was constructed to obtain the local gradients of images. And the orientation distribution histograms were
calculated based on the obtained local gradients. Finally, the rational differences were estimated by the relevant matching
results of the corresponding orientation distribution histograms of these two images. This method was applied into rigid
medical image registration based on iterative optimization to provide estimated initial values, and then the time needed for
registration iteration and the registration effects under different condition with or without estimated initial values were
compared. Results When the angle of virtual rotation between the two images was not too large, such as within 20°, the
deviation between the results estimated by this method and virtual transformation set value was less than 3°, and it was always
in the range of 2°. Furthermore, this method obviously reduced the time needed for the iteration in the medical image
registration, and effectively reduced the possibility of falling into the local extrema during the iteration, compared with the
situation of just assuming iterative initial values to be zero. Conclusion When the rotation angle between the two images is not
too large, such as within 20°, the proposed method can obtain satisfactory estimated results and its application in rigid medical
image registration improves the efficiency of iterative optimization and reduces the appearance of local extrema.
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Tab.1 Rotation estimation test between mono—modality images (°)

Synthetic rotation Estimation Deviation

Case

1) 1 1 1 1 1 1 0 0 0
2) 8 7 9 8 9 1 1 0
3) 3 9 17 10 17 2 1 0
4 10 15 18 11 16 18 1 1 0
5) 20 20 20 20 21 21 0 1 1
(6) 11 12 13 11 13 13 0 1 0
(7) 10 10 10 11 11 10 1 1 0
®) 16 4 5 16 5 6 0 1 1
) 6 3 3 9 1 0 0
(10) 7 5 12 6 12 1 1 0
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Tab.2 Rotation estimation test between multi-modality images (°)

Synthetic rotation Estimation Deviation

Case
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(10) 17 10 7 17 11 7 0 1 0
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Tab.3 Results of medical image registration test

No initial values estimation With initial values estimation
Case MI
Iterations Ttime/(s) MI 0 Iterations Time/(s) MI 1

(1) 0.589 820 5 272415 0.837 589 4 13.701 4 0.833 387
2) 0.311 322 16 22.3859 0.828 579 3 13.687 3 0.824 756
3) 0.269 621 13 20.329 4 0.864 068 7 16.304 0 0.860 914
4) 0.307 025 2 13.672 4 0.307 228 8 9.707 7 0.824 703
5) 0.445 137 16 22.3879 0.837 254 7 9.9225 0.836 901
(6) 0.339 038 17 14.700 0 0.808 061 9 18.329 8 0.803 944
7) 0.290 091 20 30.2379 0.828 614 10 11.228 6 0.822 269
®) 0.351 047 14 20.927 3 0.837 668 4 6.101 5 0.833318
9) 0.425 287 7 17.549 4 0.846 344 2 15.701 5 0.841 925
(10) 0.391 951 13 24357 1 0.837 762 9 9.998 3 0.833 799

Notes: MI in this table means mutual information between reference image and floating image before registration; MI_0 means mu-
tual information after registration without estimation of the initial values (all set to be zero artificially); MI_1 means mutual infor-

mation after registration with estimation of the initial values by the proposed method
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Fig.5 Direct fused images of the floating image and reference image
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Fig.6 Fused images of the reference image and registered image without the estimated initial values
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a: Transverse plane
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Fig.7 Fused images of the reference image and registered image with the initial values estimated by the proposed method
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