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Post-processing of Vector Quantized Images Using the
Projection onto Quantization Constraint Set
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ABSTRACT

In order to post-process the vector-quantized images employing the theory of projections onto convex sets or the
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constrained minimization technique, the projector onto QCS(quantization constraint set) as well as the filter that
smoothes the block boundaries should be investigated theoretically. The basic idea behind the projection onto QCS
is to prevent the processed data from diverging from the original quantization region in order to reduce the blur-
ring artifacts caused by a filtering operation. However, since the Voronoi regions in the vector quantization are
arbitrarilly shaped unless the vector quantization has a structural codebook, the implementation of the projection
onto QCS is very complicate. This paper mathematically analyzes the projection onto QCS from the viewpoint of
minimizing the mean square error. Through the analysis, it has been revealed that the projection onto a subset of
the QCS yields lower distortion than the projection onto QCS does. Searching for an optimal constraint set is not
easy and the operation of the projector is complicate, since the shape of optimal constraint set is dependent on the
statistical characteristics between the filtered and original images. Therefore, we proposed a hyper-cube as a con-

straint set that enables a simle projection. It will be also shown that a proper filtering technique followed by the

projection onto the hyper-cube can reduce the quantization distortion by theory and experiment.
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PROJECTION

VORONOI REGION

2l 1. Voronoi Y4229 ¥,
Fig. 1 Projection onto Voronoi region.

PROJECTION

VORONOI REGION

12! 2. Voronoi ¥ o] ¥ FJFone ¥
Fig. 2 Projection onto a subset of Voronoi region.
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Fig. 3 An example of projection onto a hyper-cube.
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H . AWAZ £98 4742 PSNR (dB).
Table 1. PSNR's of the images that are projected onto the
hyper-cubes (dB).

k=16, N=1024, TS size=81.920 vectors.
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Distortion

Scale factor: mu
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Distortion
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Scale factor: mu
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(@) 1A EEdo], u%=170.
(b)38H A F Z o}, pujy=1320.
Fig. 4 Partial projected average distortions P; 8,(u,).
(a) The 1st codeword, u’f =7.0.
(b) The 38th codeword, u%=32.0.
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Fig. 5 Histogram of u;’s in percentage.
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