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configurations. It is shown that these filters are valuable for real-time 
image and video coding and are very easy to implement on VLSI. 

It should be emphasized that the codec structures implemented 
here did not have any visually 

known subband- and DCT-based codecs for the scenarios considered. 
The multiplierless PR-QMF’s are expected to be used in real-time 
image and video processing and coding. 
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block profile 

Block A Block Boundary Block B 

pixel g - gradient vector 

Fig. 1. Illustration of the gradient continuity constraint 

a low bit rate, each block is represented mainly by the first few 
low-frequency coefficients and, since each block is processed in- 
dependently, no interblock correlation is accounted for in standard 
block DCT-based coding schemes. Therefore, discontinuity across 
the block boundary becomes noticeable. There are many techniques 
developed to reduce the blocking effect. Some increase the 
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Fig. 3. Illustrations of artifacts reduction. Top left: original Lena image. 
Top right: standard decompression. Bottom left: ICM without DC calibration. 
Bottom right: ICM with DC calibration. 

Fig. 4. Illustrations of artifacts reduction. Top left: original Peppers image. 
Top right: standard decompression. Bottom left: ICM without DC calibration. 
Bottom right: ICM with DC calibration. 

characteristics of the random field. A general form of the Gibbs 
distribution can be written as 

(3) 

where 2 is a normalization constant and V, is a certain clique 
potential function for clique e. Clique c is �  1 0 3 . 6 7 . 3  T 9 t i o n 5 e  
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Fig. 5. 
calibration. Bottom left: ICM with DC calibration. All images shown here are magnified by a factor of two. 

Illustrations of artifacts reduction. Top left: original Resolution Chart image. Top right: standard decompression. Bottom right: ICM without DC 

the coefficients in a specified low-frequency zone are uniformly in the following way: 
quantized, while the out-of-zone high-frequency coefficients are dis- 
carded [2]. Such a zonal sampling-based quantization scheme will be 
implemented in our experiments. Other quantization schemes can be 
found in 111 and 171. _ _  

in order to force the updated coefficient into the original quantization - -  
interval [d,, d,+l] .  The projected image is then obtained by taking the 
inverse block DCT. Because the Huber function is convex, a convex 
constrained restoration problem is formed, and its convergence is 
guaranteed. TO Overcome the limitation of the basic MAP restoration 
in which the reference level errors of the whole block cannot 

C. Formulation of the MAP Estimation 

probability given in (S), can be substituted in (2) f o r d z )  andJJ(Y lx), 
respectively. The optimization is then derived as 

The modified based On (6 )  and the 

be corrected, we propose to perform a DC calibration prior to 
the application of the MAP restoration. Moreover, both the DC 
calibration and the MAP restoration will be implemented using the 

X = arg min v~ (x )  
XtX 

CEC 

= arg min ' 1 p ( z m ,  - z k i )  (9) ICM. 
X E X  

m,n k,lEc,, 

where cmn is an 8-pixel neighborhood system of the current pixel at 
(m,n) ,  and X is the constraint space 

111. DC CALIBRATION 

The DC coefficients are of particular importance at low bit rates 
because they serve as the reference levels for all the pixels within each 
block, including the pixels along the block boundaries. Without prior 
DC calibration, subsequent processing such as the MAP restoration 
may result in further distortion beyond the original quantization 
errors, although the quantization errors may still be within the 
constrained ranges. As indicated by (ll), the error range expands 

X = { X :  y = Q [ H ( X ) ] } .  (10) 

The MAP estimation produces a smoothed update of the decom- 
pressed image. Such an estimation is then projected back to the 
constraint space X .  The projection is done in the transform domain 
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to the whole quantization interval in the constrained restoration, 
as opposed to half of the interval during the original quantization. 
The uncertainty is doubled, since the projected coefficient may 
jump to the other half of the quantization interval level than where 
the original coefficient resides. This is more serious when the 
quantization intervals are often very large at low bit rates. Therefore, 
a smoothing technique cannot be expected to substantially improve 
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TABLE I 
PSNR EVALUATION OF THE RESULTS 

DCC (dB) 

21.61 

27.79 

30.39 

27.41 

block as a whole and results in noticeable additional improvement 
in image quality, especially in terms of PSNR. Second, an improved 
H M W  model is developed to differentiate the artifacts from image 
details. Finally, the ICM implementation is not only computationally 
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effective but also avoids undesired large-scale effects in enforcing the 
localized image model, conclusion, the proposed scheme is able 
to improve the image quality both subjectively and objectively. 

Abstract- In this correspondence, a simple one-dimensional (1-D) 
differencing operation is applied to bilevel images prior to block coding to 
produce a sparse binary image that can be encoded efficiently using any of 
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