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

Dong Sik Kim*, Seop Hyeong Park™, Jong Seok Lee*™* Regular Members

2 %

B2 oo EH(projection onto convex sets) o] & L= #| 2} H A 3Hconstrained minimization) 71 H & &
sto} W E gatstE A4S FAE ] Qe FAstE 949 £ AAAM Y EFEE Fol7] A% dF9
A 53 o3 347 cjEo] %3} A<k 7 FHQCS :quantization constraint sel) O 2 9] o) th3t 3o] A
oo 3t} o] F QCSEY £9L Fx e #A Fd dlolE & - s e FA3t 9o BFELE 3=
Aoz A 5 A B A2 A A =He At FE3 5o 2AEE Folg] she 2= o7 QCS
o] B4g T8 Az e 718 EXolvh. 2y W FAEe] A4 QCSl el £ AL RE o] F27
o2 g0 QA @e 3 7} Voronoi Gol Yoo FeHE VA EE v Hisir} & =8 A& MSE(Mean
Square Error)& HA3tAZlthe FHNA FAe] 44 Fo A QCSolo] £9 & cJ&F oz EM43tdA
QCse 9] EFHThE QCSY ojd H¥ Aoz FPsdte 2ol MSEE © 249 & dvte A& Bl 29
o H& 28 33e] FeHe HHLE d 943 oA5d G4 e FAH S wet depA]r] g 2 e
& F3te Aolv 2R o2 Y AYL vhf HFHER il g Fgol she A Hefo] A28
A JEE ARt b8 HAF A7 AP AME Ao JAFE ALE S JFE FHE olHBYG F
A USSR Mo, A G4 i 4w AYst gt

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 94029 5.
Fig. 1 Projection onto Voronoi region.

VORONOI REGION

12! 2. Voronoi ¥ 9] FE Hjtoge ¥y,
Fig. 2 Projection onto a subset of Voronoi region.
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HE . AWARZ £98 4/4<] 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.
Images VQ | Filtered | Projected

TS 3017 1 29.56 30.30
LENA 31.65 | 31.77 3L.98
BABOON | 23.75 | 23.07 23.74
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Fig. 4 Partial projected average distortions P;é;(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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