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ABSTRUCT
The Design and Application of Complex Discrete Wavelet
Transform for Image Processing

Takeshi Kato

In recent years, due to the improvement of the imaging devices and computers, the
1mage processing techniques are widely spread industries, agricultures and medical fields.
The image processing techniques are expected to achieve the inspection, diagnosis and
monitoring which are previously carried out by people. These techniques require the
process which extracts the characteristic information. This process is called ‘Feature
Extraction’ and one of the feature extraction methods is a Wavelet Transform. The
Wavelet Transform extracts the multiple frequency components from the image by using
mother wavelet and filters. Therefore, the Wavelet Transform was used for variable image
processing applications.

The 2-D Complex Discrete Wavelet Transform (2D-CDWT) is especially interested. The
2D-CDWT can extract the singularities different with orientations (directional edges).
Here, singularities mean the edge, border, lines and ridges in the image. This property is
called directional selection and this property expected as the method to obtain the shape
information from each directional edge. However, the number of directional edges is little
and we can’t get detail features about directionalities. For instance when we use the
directional information for the image recognition and object detection, we calculate more
than 8 directional components. In this paper, we propose the novel 2D-CDWT which can
extract the many directional edges and detail features.

At first, the principle of directional selection is considered. We confirmed that the
Hilbert Transform pair of the real part of wavelet and the imaginary part of wavelet which
has the phase difference makes the specified waveforms. This waveform has the
amplitude only the specified direction and we confirmed that this waveform extracts the
directional edges. Moreover the frequency characteristics of this waveform and its
direction have the unique relationship. Based on this relationship, we construct the
evaluation method for the direction and the angular range of directional edges. According
to the evaluation method, we can estimate the extracting ability of the directional
selection quantitatively.

Secondary, we focused on the 2-D Complex Discrete Wavelet Packet Transform
(2D-CWPT) which is the advanced Wavelet Transform from the 2D-CDWT. Based on the
2D-CWPT, we propose the novel 2D-CWPT that can extract the arbitrary direction and
angular range. The novel 2D-CWPT is added the modified filter to adjust the directional
edges. We confirmed that we can get the desirable directional component using this
method. But we also confirmed that there are error between the result and requested

angular range. We apply the novel 2D-CWPT to the semiconductor wafer image for the



automated defect detection. We used the novel 2D-CWPT as the feature extraction and
K-means method as the pattern recognition method for the defect detection. As the
detection result, the novel 2D-CWPT can detect the defect precisely rather than previous
2D-CDWT, 2D-CDWT, 2D-DWT, 2D-STFT (Short Time Fourier Transform).

Thirdly, we propose the novel directional wavelet transform by using designed
directional filter. The directional filter is designed based on the relationship the direction
of wavelet and its frequency characteristics. The directional wavelet transform also can
detect the desirable directional edges without the error between the desirable angular
range and the result. As the application, we apply the directional wavelet transform to
medical image processing. We consider the tumor detection from CT (Computed
Tomography) image by using the directional wavelet transform and support vector
machine. As the result the directional wavelet transform has the most accurate detection
rate rather than previous 2D-CDWT and Gabor filters.

Besides the 2D methods, we developed the 3D-CDWT which can be used for 3D-CT and
3D-MRI images. Previously the directional selection for the 3D images has not achieved
yet. We construct the 3D directional selection based on the principle of the directional
selection. The 3D directional selection extracts the 3D directional edges that have
orientation and angular range in 3D space domain. We confirmed that the 3D directional
edges show the features of 3D images. Moreover in the 3D CT image, we can detect and
recognize the tumor using 3D-CDWT and SVM.

Finally in this paper, we confirmed the validation of the novel 2D-CWPT and the
directional wavelet transform as the image feature extraction method by using wafer
images and medical CT images. Also we can show that the 3D directional selection can get

3D image features.





