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Abstract 

 

    Rate-distortion function (RDF, R(D)) for 

nonstationary Gaussian space-varying 

autoregressive (SVAR) process and 

two-dimensional space-varying 

nonstationary digital transform image 

transmission system are investigated 

theoretically and experimentally. We have 

derived the R(D) function for nonstationary 

SVAR Gaussian processes. The 

rate-distortion measure then serves as a guide 

to develop an adaptive transform image 

transmission system. An adaptive discrete 

cosine transform (ADCT) image transmission 

system is established in this study. To 

accurately estimate the nonstationary 

statistics of a real-world image, we proposed 

a variable block size SVAR Gauss-Markov 

image model. The proposed ADCT image 

coding system is implemented with the same 

average distortion designated for each variable 

size image block and the code rate for each 

image block allowed to vary in order to meet 

this fixed distortion criterion. Simulation 

results are given to compare the reconstructed 

images coded by the ADCT scheme, based on 

the SVAR image model with the fixed-rate, 

stationary cosine transform coding scheme. 

The theoretical rate-distortion measure serves 

as an ultimate bound on practically achievable 

system performance. Overall performance for 

the transform image transmission system 

based on an SVAR image model is studied and 

compared with the theoretical R-D bound. 

The results demonstrates the efficacy of 

employing an accurate statistical image model 

and adaptive image coders design to minimize 

the overall transmission rate requirements 
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while preserving the quality of the 

reconstructed imagery data.�

Keywords: Rate-distortion function, 

Time-Varying Autoregressive (TVAR) process, 

Variable Blocksize Segmentation, Adaptive 

Discrete Cosine Transform (ADCT). 
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    The subject of rate-distortion theory is 

concerned with the determination of the 

minimum encoding rate with which data 

generated by a source of certain type can be 

compressed via a code from a class of codes, 

subject to a constraint on the distortion in 

reconstruction of the data from its encoded 

form. For fairly simple measures of image 

degradation, it is possible to specify the 

functional relationship between the channel 

transmission rate and the numerical values of 

the criterion of quality. Thus, denoting the 

value of distortion as D and the rate as R, we 

are able to specify the rate-distortion 

function R(D), and so determine either the 

necessary rate for a given level of degradation 

or, conversely, the amount of distortion 

produced by transmission at a predetermined 

rate. 

    In earlier attempts to develop 

mathematical models for images, image data 

were considered to be samples from a 

wide-sense stationary random field. 

However, the assumption of stationarity 

produces unsatisfactory results when dealing 

with real-world images. Almost always the 

stationarity assumption of a real-world 

image will hold only over very small regions. 

Therefore, to mitigate the nonstationary 

behavior in structure, a given image to be 

processed is partitioned into smaller, 

hopefully stationary, regions. In order to 

explore the nonstationarity of real-world 

images, we propose a non- stationary image 

model which consists of:  

• Variable blocksize segmentation to 

partition a given gray-level image into 

smaller image blocks with nearly 

homogeneous regions;  

• A distinguished Gaussian space-varying 

autoregressive process representation for 

each of the image subblocks.  

    The main purpose of this research is to 

investigate the nonstationary adaptive cosine 

transform image coding problem in the 

context of rate-distortion theory. Due to the 

mathematical complexity associated with the 

description of nonstationary processes, we 

apply the time-varying (or, space-varying in 

the image processing domain) process to 

approximate the characterization of 

nonstationary real-world sources. Therefore, 

we first investigate the R(D) function for the 

nonstationary time- varying autoregressive 

(TVAR) Gaussian process. The 

establishment of the R(D) function for the 

time-varying/space-varying Gaussian 

process then serve as a guide to develop 

adaptive image transmission systems, which 

involve the development of a mathematical 

space-varying nonstationary image model 

and design strategies for adaptive cosine 

transform image coding scheme. Based upon 

a more accurate digital image model, we can 

apply an appropriate designed adaptive 

cosine transform coding algorithm to 

implement a more efficiency image 

transmission system.  
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The R(D) function for nonstationary Gaussian 

space-varying autoregressive (SVAR) process 

is given as: 
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which serves as a guide to develop the adaptive 

space-varying nonstationary image 

transmission systems. An adaptive discrete 

cosine transform (ADCT) image transmission 

system is presented as shown in Fig. 1. For a 

given test image, xij, we first conduct image 

segmentation to obtain the variable blocksize 

M(k) x M(k) image subblocks, xkij, m, n=1, 2, …, 

M(k). The variable blocksize segmentation is 

performed using a quadtree data structure by 

dividing the perceptually more important 

regions of an image into smaller size blocks 

compared to the size of blocks containing 

lesser amounts of spatial activity. Each image 

subblock is subtracted from its local mean 

value, µk, to construct the residual image, k
mnx , 

which is then described by a 2-D SVAR 

Gauss-Markov random field, according to: 
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We proposed a new adaptive discrete cosine 

transform (ADCT) image coding system 

where the adaptivity is achieved by 

considering the variable blocksize DCT 

according to the image contents and by 

modeling each image blocks with a different 

SVAR process to adapt the quantizer stepsize. 

The proposed variable blocksize ADCT 

coding scheme as shown in Fig. 1 is 

implemented with the same average distortion 

designated for each block. This constant block 

distortion designation not only has perceptual 

advantages, but also allows the rate to vary and 

thereby adjust to the changing spectral 

characteristics among the various blocks 

within the image.  

The MSE rate-distortion performance 

results for the proposed adaptive cosine 

transform coding system with constant 

distortion assignment are summarized in Table 

1. Table 1 presents results for the ADCT 

system with variable blocksize segmentation 

H=5, where H is the quadtree segmentation 

threshold, and with an 8x8 fixed blocksize 

segmentation. Table 2 is the MSE 

rate-distortion results for conventional cosine 

transform image coding system with fixed rate 

assignment and fixed blocksize segmentation 

16 x16. 

Rate-distortion performance curves (R-D 

curves) for both the ADCT system and a 

conventional stationary-based system have 

been obtained. For clarity we have plotted the 

normalized distortion versus the overall rate (R 

in bits/pixel). Results for the ADCT system 

with variable blocksize segmentation threshold 

H=5 and fixed 8x8 blocksize segmentation 

compared with the conventional stationary 

DCT coding scheme with fixed blocksize, 

16x16, are illustrated in Fig. 2 , for the "LENA" 

image. We have included the theoretical 

rate-distortion function R(D) of the 

corresponding 2-D Gauss-Markov source in 

each figure. In all cases, the best rate-distortion 

performance was shown to be the proposed 

adaptive DCT system developed in this study. 

Both R-D curves for the adaptive DCT with 

variable blocksize H=5 system and the ADCT 

with 8x8 blocksize system, closely approach 

the rate-distortion theoretical limits. The 

optimum performance is obtained by 

employing the adaptive DCT system with 

constant distortion assignment and fixed 8x8 

blocksize segmentation. This has confirmed 

that for nonstationary source encoding, the 

R(D) function for a nonstationary source 

should be applied as the optimum 

information-theoretic bound for the purpose 

of assessing source coding efficiency. The case 

of stationary AR modeling for real-world 

images shows the worst performance which is 

reasonable since the stationary AR image 

model is not suitable for real-world image as we 

had described earlier.  

The superior rate-distortion performance 

of the adaptive DCT system shown in Fig. 2 is 
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due to a more appropriate image modeling as 

well as an improved adaptive DCT source 

encoding strategy. The proposed adaptive 

DCT system benefits from the more uniformly 

distributed distortion among the blocks than in 

fixed-rate transform coding systems. In this 

way the bit rate assignment is more consistent 

with the global spatial activity present within a 

given image. 
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Table 1. MSE R-D performance for ADCT image 

transmission system with constant block distortion and 

variable blocksize for segmentation threshold H=5. 

 

"LENA" Variable blocksize Fixed 8x8 blocksize 

Dt R D/σ2

x R D/σ2

x 

0.1 4.07 0.0016 3.57 0.0018 

0.5 2.94 0.0028 2.45 0.0029 

2 2.01 0.0054 1.55 0.0055 

10 1.10 0.0130 0.79 0.0132 

15 0.92 0.0165 0.65 0.0165 

20 0.79 0.0192 0.57 0.0193 

 

Table 2. MSE R-D performance for conventional, 

stationary cosine transform image transmission system 

with fixed rate and fixed blocksize of 16x16. 

 

 D/σ2

x  ("LENA" Image) 

R Real world image 

data 

AR image model design
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3 0.0082 0.0299 

2 0.0152 0.0368 

1.1 0.0275 0.0512 

0.79 0.0332 0.0610 

 

 
Figure 1. Block diagram of 2-D variable blocksize 

ADCT image transmission system. 

 

 
Figure 2. R-D performance of 2-D ADCT coding system 

versus 16x16conventional DCT system, "LENA" 

image. 


