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i = H Time of Flight Ultrasonic CT Based on ML-EM for Wooden Pillars

Ultrasonic is widely used in detecting inner quality of various objects for non-destructive
test. With ultrasonic CT, we can obtain velocity distribution of objects. In our research, we
proposed an approach for wooden inspection by using ultrasonic CT based on ML-EM
algorithm. In addition, ML-EM image reconstruction algorithm and the conventional FBP
algorithm were compared.

The sound velocity in wood changes with the direction of the ultrasound propagation path.
The sound velocities are different between the transmission path near the center and the
transmission path near the edge of a wooden pillar. Since the spatial distribution of sound
velocity was reconstructed by ultrasonic CT, some ring artifacts appeared in the image
because of the anisotropic acoustic property of wood. To reduce the artifacts, anisotropic
acoustic property is considered for the purpose of improving the image quality of the
ultrasonic CT scans of a wooden pillar. We propose a velocity anisotropy correction method
of TOF data for image reconstruction on the basis of the ML-EM method. The feasibility of
velocity anisotropy correction and TOF data interpolation are examined in detail using wood
phantoms.

In ML-EM method, in order to obtain high quality reconstruction images sufficient
measurement paths are necessary. But, it takes about two hours to obtain 306 TOF values in
actual measurement. So, the number of data that can be measured is thought that 306 were
near the upper bound timely and spatially. However, the number of these measurement data is
very few compared with the medical application. Therefore, many artifacts were observed in
the reconstructed images. Then, we used interpolation in the ML-EM imaging process. The
relation between artifact level and the number of interpolations was examined in detail by
using numerical and wooden phantoms. We also examine the effect of the interpolation of the
TOF data, since the density of the TOF data has a considerable effect on image quality in the
ML-EM method.

The CT image was reconstructed based on the assumption that an ultrasonic wave was
transferred along a straight propagation path. However, an ultrasonic propagation path was
bent from a straight line due to the skewing effect. As the result of the path bending, the
position of the defect on the CT images was shifted to the surface of the specimen.
Hankinson's equation was used to adjust the distribution of TOF to solve the problem.

By using as above techniques proposed in the paper, the accuracy of defect detection in
wood can be significantly improved.




