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Abstract

In this paper, we propose a fast hierarchical image segmentation using mathematical morphology.
The proposed segmentation method is composed of five basic steps; multi-thresholding, open—close by
reconstruction, mode operation, marker extraction, and region decision. In the multi-thresholding, an
input image is simplified by Lloyd clustering algorithm. The multi-thresholded image then is more
simplified by open-close by reconstruction and mode operation. In the marker extraction, if the pixels
whose regions are larger than a threshold then they are labeled, otherwise they are left as uncertainty
pixels. In the region decision, to which region each uncertainty pixel belongs finally is decided by a
watershed algorithm. Experimental results show that the quality of the segmentation results by the
proposed method is not inferior to that by the conventional method and the average times elapsed by
the proposed method can be reduced by one third of those elapsed by the conventional method.
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Table 2. Average CPU time for one level by
the conventional method.

Step CPU time [sec]
Simplification 33
Marker extraction 109
Decision 42
Quality estimation 08
Total 192
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Table 3. Average CPU time for one level by
the proposed method.
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L i Mode operation 19
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Table 4. Segmentation results on Lena image.
Results Conventional method Proposed method
The . PSNR of The ! PSAR of
Bit rate Bit rate
nurnber of bt/ reconstructed || number of Ints/el] reconstructed
)
Level regions image [dBl || regions image [dB]
1 6 005 1431 3 0 145
2 17 009 1766 2 0.10 1852
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{a} contour map of the Ist level (b) contour map of the 2nd level

(e} contour map of the 5th level (f) contour map of the 6th level

% 8. 7129 whaledl ot Lena g4l gk £
o 2od4

Fig. 8. Contour maps of segmentation for Lena
image by the conventional method.
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(a) contour map of the 1st level (b) contour map of the 2nd level

(e} contour map of the 5th level (f) contour map of the 6th level
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Fig. 9. Contour maps of segmentation for Lena
image by the proposed method.
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Fig. 10. Reconstructed images at the 6th level.
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{a) contour map of the 6th level {b) reconstucted image of the 6th level
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