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Fig. 1. Observation of stair-like edge artifact is schematically shown. Voxels having multiple compounds exist at near
edges. The gray levels of these voxels are between the gray levels of voxels having single compound (A or B). By the
adaptive template filtering, the gray level of the voxel having multiple compounds may become a similar gray level of
the near dominant voxel having single compound (A or B). This modification of middle gray level results in a stair-like

artifact as shown.
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jects in the image are mathematically defined over pixel
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Fig. 3. Procedures to detect the vox-
els containing multiple compounds.
The test image shown in Fig. 2 is
used. (a) Edges detected by the
Sobel operation, (b) result of the
thinning edges, {¢) edges after re-
| moval of the isolated voxels, and (d)
detected voxels for the multiple
compounds.
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Table 1. Percentages of Detected Voxels during the Procedures
to Identify Voxels Having Multiple Compounds.

Identification
Isolated
procedure  Sobel .. Graylevel
. . Thinning voxel -
Noise level operation removal checking
(PSNR)
24dB 4.5% 2.9% 2.8% 1.3%
28dB 4.4% 2.9% 2.9% 1.1%

ROI 1

ROl 2

ROI 3

Fig. 5. Original and filtered images by the proposed algorithm. {a) Test image, (b} test image with white gaussian noise
(PSNR =24dBj, (c} filtered image by the existing adaptive template filtering, and (d) filtered image by the proposed
adaptive template filtering with consideration of the voxels having multiple compounds.
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Fig. 6. Zoomed images (x10) for the three regions denoted by "ROI” in Fig.5 for a better comparison. They are dis-
played in the same order: (0} test image, (b} test image with white gaussian noise, (€] filtered image by the existing
adaptive template filtering, and (d) filtered image by the proposed algorithm.

Fig. 7. Adaptive template filtering of T1-weighted head section of magnetic resonance (MR) image. (a} Unfiltered im-
age, (b filtered image by the existing adaptive template filtering, and (¢} filtered image by the proposed algorithm.
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' Fig. 8. Zoomed images (x4) for the ROI region in Fig.7. ()
Unfiltered image, (b} filtered image by the existing adap-
j tive template filtering, and (c) filtered image by the pro-
i posed algorithm. Note the edge artifact in between corpus
callosum and ventricle in (b}, while such artifact is largely
disappeared in (¢}
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Multiple compounds
Partial volume effect

Removal of Edge Artifact due to Partial Volume Effect
in the Adaptive Template Filtering

C.B. Ahn, Y.C. Song

Department of Electrical Engineering Kwangwoon University

Adaptive template filtering has been proposed recently for enhancement of signal-to-noise ratio without
loss of resolution. In the adaptive template filtering, an optimal template among multiple templates is se-
lected, then linear least square error filtering based on the template is applied in voxel by voxel basis. In
some magnetic resonance imaging, where the distribution of gray level has relatively small dynamic
range, e.g., T1 imaging, however, artificial stair-like artifact is observed at near edges. This is partially due
to the edge enhancement effect in such voxels that contain multiple compounds at the boundaries of tis-
sues. The gray levels of these voxels become similar gray levels of near dominant voxels that contain sin-
gle compound by the adaptive filtering, which enlarges edge discontinuities. In this paper, we propose a
technique to eliminate such artifact by identifying those voxels that contain multiple compounds and as-
signing the largest template for them. Filtered images with the proposed technique show substantial visu-
al enhancement at the edges without degradation of peak signal-to-noise ratio compared to the original
adaptive template filtering for both magnetic resonance images and phantom images.

Index words : Adaptive template filtering

Magnetic resonance imaging
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