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Abstract
The practical approach of uniform down sampling in image 
space and yet making the sampling adaptive by spatially varying, 
directional low-pass pre- filtering. The resulting down-sampled 
pre filtered image remains a conventional square sample grid, 
and, thus, it can be compressed and transmitted without any 
change to current image coding standards and systems. The 
decoder first decompresses the low-resolution image and 
then up converts it to the original resolution in a constrained 
least squares restoration process, using a 2-D piecewise auto 
regressive model and the knowledge of directional low-pass pre 
filtering. The proposed compression approach of collaborative 
adaptive down-sampling and up conversion (CADU) outperforms 
JPEG 2000 in PSNR measure at low to medium bit rates and 
achieves superior visual quality, as well. The superior low bit-
rate performance of the CADU approach seems to suggest that 
oversampling not only wastes hardware resources and energy, 
and it could be counterproductive to image quality given a 
tight bit budget.
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I. Introduction
Over the past half century, the prevailing engineering practice of 
image/video compression, as exemplified by all existing image 
and video compression standards, is to start with a dense 2-D 
sample grid of pixels. Compression is done by transforming the 
spatial image signal into a space (e.g., spaces of Fourier or 
wavelet bases) in which the image has a sparse representation 
and by entropy coding of transform coefficients. Recently, 
researchers in the emerging field of compressive sensing 
challenged the wisdom of what they called “oversampling 
followed massive dumping” approach. They showed, quite 
surprisingly,it is possible, at least theoretically, to obtain 
compact signal representation by a greatly reduced number 
of random samples.
In this paper, we investigate the problem of compact image 
representation in an approach of sparse sampling in the 
spatial domain. The fact that most natural images have an 
exponentially decaying power spectrum suggests the possibility 
of interpolation-based compact representation of images. A 
typical scene contains predominantly smooth regions that can 
be satisfactorily interpolated from a sparsely sampled low-
resolution image. 
Fig. presents a block diagram of the proposed CADU image 
compression system, summarizing the above ideas and 
depicting the collaboration between the encoder and decoder 
However, none of the compression standards accepts quincunx 
image as input. The encoder of the quincunx method was 
computationally expensive because it needed an adaptive 
directional lifting wavelet transform to code quincunx sample 
grid. Even with its high cost and standard noncompliance, 
the quincunx method yet has a slight worse compression 

performance than the new method of square lattice sub 
sampling, as demonstrated in Section IV. The paper is organized 
as follows. Section II describes the CADU encoder of uniform 
down-sampling with adaptive direction pre filtering. Section III 
presents the main contribution of this paper: a constrained 
least squares up conversion algorithm driven by a piecewise 
autoregressive image model. We report and discuss the 
experimental results in Section IV.

II. Uniform Down-Sampling With Adaptive Directional 
Prefiltering
Out of practical considerations, we make a more compact 
representation of an image by decimating every other row and 
every other column of the image. This simple approach has an 
operational advantage that the down-sampled image remains a 
uniform rectilinear grid of pixels and can readily be compressed 
by any of existing international image coding standards. To 
prevent the down-sampling process from causing aliasing 
artifacts, it seems necessary to low-pass pre filter an input 
image to half of its maximum frequency. However, on a second 
reflection, one can do somewhat better. In areas of edges, the 
2-D spectrum of  the local image signal is not isotropic. Thus, 
we seek to perform adaptive sampling, within the uniform down-
sampling framework, by judiciously smoothing the image with 
directional low-pass pre filtering prior to down-sampling.To this 
end, we design a family of 2-D directional low-pass pre filters 
under the criterion of preserving the maximum 2-D bandwidth 
without the risk of aliasing. Let  WL (Ɵ)and WH (Ɵ) be the side 
lengths of the rectangu lar low-passed region of the 2-D filter 
in the low- and high-frequency directions of an edge of angle 
, respectively. The maximum area of  this low-passed
region without aliasing is A=WH (Ɵ)WL (Ɵ)=π2

Fig. 1:  Block diagram of the proposed CADU image compression 
system

In addition, the directional low-pass filter design serves two 
other purposes: 1) most efficient packing of signal energy in 
presence of edges; 2) preservation of subjective image quality 
for the edge is an important semantic construct. Moreover, 
as we will see in the next section, the use of low-pass pre 
filters establishes sample relations that play a central role 
in the decoding process of constrained least squares up 
conversion.
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Many implementations of directional low-pass pre filters are 
possible. For instance, the following directional low-pass pre 
filter can be used:

 

In the directional pre filtering step, the CADU encoder first 
computes the gradient at the sampled position. If the amplitude 
of the gradient is below a threshold, the isotropic low-pass 
filter is applied .Despite its simplicity, the CADU compression 
approach via uniform down-sampling is not inherently inferior 
to other image compression techniques in rate-distortion 
performance, as long as the target bit rate is below a threshold. 
The argument is based on the classical water-filling principle 
in rate distortion theroy

 

          
Fig. 2: Relationship between the down-sampled prefiltered 
image and the original image. The illustrated kernel size of 
the filter is 3X 3. Low-resolution pixel[black dots in (a)] is the 
filtered value of the corresponding nine original pixels [white 
dots in (b)]. (a) Down sampled pre filtered image; (b) original 
image.

III. Constrained Least Squares Upconversion With 
Autoregressive Modeling
In this section, we develop the decoder of the CADU image 
compression system. Let be the decompressed M/2XN/2 
sub sampled image, and I be the original M x N image. The 
sample relation between I and  is illustrated by fig. 3. The 
decoder upconverts to the original resolution of by a constrained 
least squares reconstruction algorithm. The up conversion is 
based on a piecewise autoregressive image model and on 
the de convolution of the directional low-pass pre filtering. 
First, we introduce a suitable image model to aid the image 
recovery process. Our joint design of encoder and decoder 
gives a priority to the reconstruction of significant edges. There 
are two reasons for this. One is that human visual system is 
sensitive to phase errors in edge reconstruction. The other is 
that an edge can be down sampled along its direction and still 
reconstructed via directional interpolation. A good model for 
edges of sufficient scale is one of piecewise autoregressive 

(PAR) process 

The parameters  of the autoregressive model specify the 
direction and amplitude of edges. If the dominant feature in the 
window  is an edge, then the parameters do not change 
in the window, and the PAR model fits both down-sampled 
image and the original image in . Therefore, the up conversion 
process can learn the edge structure by fitting samples of in to 
the parametric model. The validity of the proposed PAR image 
model hinges on the assumption of piecewise stationarity of 
the image signal. The assumption is acceptable for edges of 
sufficiently large scale, although a natural image generally 
has non stationary statistics across different image segments. 
Now we are ready to state the task of up converting to as the 
following constrained least squares problem:

We formulated the constrained least squares problem (6) using 
two PAR models of order 4 each: the model of parameters and 
the model of parameters. The two PAR models characterize the 
axial and diagonal correlations, respectively, as depicted in Fig. 
4. These two models act, in a predictive coding perspective, 
as non causal adaptive predictors. This gives rise to an 
interesting interpretation of the CADU decoder: adaptive non 
causal predictive decoding constrained by the pre filtering 
operation of the encoder. The remaining question is how to 
estimate the model parameters and . Recall that our design 
aims to reconstruct significant edges. Because edges have 
high correlation in the scale space, the directional correlation 
between and its neighbors in the original image is the same as 
that between and its neighbors in the low resolution version. 
Therefore, the PAR model parameters and in (6) can be 
estimated from the decoded image by solving the following 
two least square estimation problems

Fig. 3: sample relationship with PAR modal parameters: (a) a 
= (a0. a1. a2. a3), (b) b = (b0. b1. b2. b3)



 InternatIonal Journal of Computer SCIenCe & teChnology 129

IJCST Vol. 2, SP 1, DeCember 2011ISSN : 0976-8491(Online)  |  ISSN : 2229-4333(Print)

w w w . i j c s t . c o m

The closed form solutions of are     :  

  
where the column vector V is composed of all Yi in the window W. 
The ith row of matrix A consists of the four 8-connected neighbors, 
and the row of matrix B consists of four 4-connected neighbors. 
A pursuing question is why we employed the two separate PAR 
models of order 4 in rather than a unified model of order 8 
(i.e., combining the parameters and  The reason is to avoid the 
potential pitfall of model over fitting. Given that a natural image 
is only piecewise stationary with many transients (e.g., edges), 
chances are that a PAR model only holds in a small window . 
The observation data provided by  in W are not sufficient to 
estimate a high-order PAR model. The constrained least square 
problem in can be converted to the following unconstrained 
least square problem:

IV. Experimental Results and Discussions
Extensive experiments were carried out to evaluate the 
proposed image coding method, in both PSNR and subjective 
quality. We compared the CADU method with the adaptive 
down sampling-based image codec proposed by Lin and 
Dong The latter was reportedly the best among all previously 
published down sampling-interpolation image codecs in both 
objective and subjective quality. Note that all existing image 
codecs of this type were developed for DCT-based image 
compression, whereas the CADU method is applicable to 
wavelet-based codecs as well. Therefore, we also include in 
our comparative study JPEG 2000, the quincunx coding method 
and the method of uniform down-sampling at the encoder and 
bicubic interpolation at the decoder. The bicubic method in the 
comparison group and the CADU method used the same simple 
encoder: JPEG 2000 coding of uniformly down-sampled pre 
filtered image. The difference is in the up conversion process: 
the former method performed bicubic image interpolation 
followed by a deconvolution step using Weiner filter to reverse 
the pre filtering, instead of solving a constrained least squares 
image restoration problem driven by autoregressive models as 
described in the proceeding section.

Fig. 4 :Comparison of different methods at 0.2 bpp. (a) JPEG; 
(b) Method [7]; (c) J2K;

Although the proposed CADU method favors the reconstruction 
of edges, we chose, for fairness and generality of our comparative 
study, a large set of test images of vario us scene compositions. 
Here, we report experimental results for four representative 
images, which represent all common image features in balance: 
edges of all scales, smooth regions, and granular textures, as 
one can see in fig.
Table lists the PSNR results of seven methods: DCT based old 
JPEG standard (column JPEG), the method of Lin and Dong (the 
second column), the CADU method coupled with DCT-based 
JPEG (column CADU-JPG) JPEG 2000 (column J2K), JPEG 2000 
coupled with uniform down sampling and bi cubic interpolation 
(column Bicubic-J2K), the quincunx method (column Quincunx), 
and the CADU method coupled with JPEG 2000 (column CADU-
J2K). The results are tabulated against various bit rates from 
0.1 bpp to 0.3 bpp. For the first two methods of the group, 
some table entries at very low bit rates are “N/A” because 
the DCT-based JPEG cannot even operate at such low rates 
for the image tested.
The PSNR comparison between Lin-Dong’s method and the 
CADU-JPG method is somewhat mixed. CADU JPG has a small 
advantage over Lin-Dong’s method in most cases, but the former 
loses to the latter by small margin for test images Flower and 
Bike when the rate is equal to and greater than 0.25 bpp.

V. Conclusion
We proposed a new, standard-compliant approach of coding 
uniformly down-sampled images, which outperforms JPEG 
2000 in both PSNR and visual quality at low to modest bit 
rates. This success is due to the novel upconversion process 
of least square noncausal predictive decoding, constrained by 
adaptive directional low-pass prefiltering. Our findings suggest 
that a lower sampling rate can actually produce higher quality 
images at certain bit rates. By feeding the standard methods 
downsampled images, the new approach reduces the workload 
and energy consumption of the encoders, which is important 
for wireless visual communication.
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Table 1: PSNR (db) results for diffrent compression methods 

Fig. 5: Comparison of different methods. Note the superior 
visual quality of the CADU method even though it has a lower 
PSNR. (a) J2K (0.3 bpp, 35.02 dB); (b) J2K (0.35 bpp, 32.32 
dB); (c) J2K (0.45 bpp, 26.45 dB)
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