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B—ultrasound Image Registration of HIFU Monitoring Based on
Ultrasonic Speckle

LIU Bing, ZHAO Chunliang, WANG Hua, OUYANG Ting, ZHONG Shanshan, CHEN Wei

Department of Biomedical Engineering, Chongqing Medical University; Chongqing Key Laboratory of Ultrasound Medical
Engineering, Chongqing 400016, China

Abstract The existence of phantoms and other ulirasound noises in Ultrasound—Guided HIFU systems” B—mode ultrasound images will
hamper the B-mode ultrasound image registration and the locating of the target. In order to solve this problem, this paper proposes a new
method of B-mode ultrasound image registration based on the phase correlation of ultrasonic speckle. Firstly, under the principles and the
pseudorandom feature of the speckle, the speckle images and registration, the B—mode ultrasound images are picked up by using the phase
correlation of ultrasonic speckle through the moving values of images, on the platform of Maltab 7.0. Secondly, the direct registration of the
phase correlation is compared with the registration of the speckle in B-mode ultrasound images. Thirdly, the results of registration are
analyzed and the measurement is made of the similarity degree. It is shown that the phase correlation of the speckle could achieve the
image registration among the B—mode ultrasound images with phantoms and noises. This registration method enjoys a high robustness and
accuracy, and is better than the direct registration of phase correlation. The feasibility of the registration based on speckle is demonstrated
by experiments.
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Fig. 1 Location relation between therapy probe and B-
mode ultrasound probe in the JC200-mode HIFU system
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Fig. 2 B-mode ultrasound images and speckle binary

images with only ROI
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Table 1 Gray range of speckle obtained
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Table 2 Registration coefficients obtained using image registration based on speckle
B
z/mm
5 0.12636 (1,15) 0.24585 0.12636 1.0489 0.82267 0.16142 1.1593
10 0.047679 (2,26) 0.19995 0.047679 1.0347 0.74207 0.064515 1.1331
15 0.042614 (3,39) 0.20383 0.042614 1.0363 0.69103 0.059175 1.1181
20 0.034394 (3,53) 0.1853 0.034394 1.0317 0.42162 0.065623 1.0858
25 0.024102 (2,67) 0.19856 0.024033 1.035 0.61105 0.042362 1.0964
30 0.020551 (4,81) 0.17782 0.020551 1.0295 0.5676 0.038061 1.0878
(a) (b) B (c) B B
(a) Speckle binary image registration (b) B-mode ultrasound image registration (c) B-mode ultrasound image registration using
using of phase correlation based using of phase correlation based of phase correlation based on B-mode
on ultrasonic speckle on ultrasonic speckle ultrasonic image
3 z Omm 30mm
Fig. 3 Results of image registration when z=0mm and z=30mm
3 B
Table 3 Registration coefficients obtained by using image registration based on direct calculation of the
phase—correlation coefficient of B-mode images
B
5 10 15 20 25 30
z/mm
0.20726 0.11241 0.087876 0.072638 0.069244 0.07241
(1,1) (1,1) (1,1) (2,53) (1,1) (1,1)
0.67642 0.63925 0.59028 0.42228 0.52273 0.47328
0.20726 0.11241 0.087876 0.072638 0.069244 0.07241
1.123 1.1125 1.0883 1.0869 1.077 1.0701
’ N 9 3
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Fig. 4 Coefficient diagram of similarity measure
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