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Abstract
The paper presents a new and statistical robust algorithm
able to improve the performance of the standard DCT
compression algorithm for both perceived quality and
compression size. The approach proposed combines together
an information theoretical/statistical approach with HVS
(Human Visual System) response functions. The
methodology applied permits to obtain suitable quantization
table for specific classes of images and specific viewing
conditions. The paper presents a case study where the right
parameters are learned, after an extensive experimental
phase, for three specific classes: Document, Landscape and
Portrait. The results show both perceptive and measured (in
term of PSNR) improvement. A further application shows
how it is possible obtain significative improvement profiling
the relative DCT error inside the pipeline of images
acquired by typical digital sensors.

1. Introduction

The optimization of the quantization tables of DCT
compression engine is connected to the possibility to
improve the performance of the algorithm, gathering a better
trade off between the final quality of the compressed image
and the relative compression ratio. The standard JPEG [14]
only suggests to use quantization tables that use perceptual
criteria to quantize the corresponding DCT coefficients
amplitudes that cause perceptible differences to a human
observer. Even if only for useful suggestion the standard
tables were obtained by Lohscheller [9] that conducted
empirical studies measuring the sensitivity of the human
visual system. This study shows that the observer is more
sensitive to changes in the low frequency DCT components
than in the high frequency DCT components. Later
Pennebaker and Mitchell [14] found, however, that the tables
yield noticeable artifacts when viewed on high-quality
displays.

It is well known that optimum quantization tables are
highly image dependent. For example, coarse quantization of
the medium-frequency coefficients causes turbulence or
speckling around text characters on a plain background. A
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complicated background may mask these artifacts, allowing
coarse quantization to produce acceptable results. Indeed, it
could be useful to flip between quantization tables, using one
to compress textured areas and another to compress
smoother areas or more in general to be able to generate
quantization tables profiling the real content of the image
both in term of theoretical and perceptive information.
Unfortunately, the existing JPEG standard baseline does not
allow changing the quantization table in the middle of
compressing a component of the image. For low bit-rate
compression side effects like ringing and the blocking are
also present.

Several attempts have been conducted in order to
generate optimum quantization tables, using different and
various approaches.

The best results are however been obtained using
iterative/adaptive procedure based on local, statistical or
content-based, perceptive or not, analysis realized block-by-
block [1], [6], [16], [20], [22], [23]. Other methods based on
rate-distortion theory try to avoid and/or partially improve
the well-known behavior of the scalar quantization with dead
zone [11], [18]. In every case these methods aren’t always
compliant with the standard baseline JPEG, where the same
table must be used for all blocks in the image; the complexity
of the encoder, especially for real-time application, could be
increase and become significantly high. Our approach,
remaining fully compliant with the baseline standard, tends
to bring both statistical and psycho visual techniques for
specific classes of digital images. Experiments have shown
as the specific statistical behavior of the DCT coefficients
can be efficiently modeled, in a detailed way, considering
specific classes of images. After an extensive experimental
phase it has been possible derive an explicit model obtained
combining together statistical analysis of DCT coefficients
and heuristics related with Human Visual System.

The real implementation of DCT compression engine in
consumer devices, requires specific well-driven optimization
criterions. The study of typical pipelines, from real scene to
final compressed image (e.g. in a digital CCD/CMOS
camera) allowed us to derive useful information for further
optimization. In particular we have obtained significative
improvement evaluating numerically the absolute error in the



DCT domain, according to the, specific color interpolation
algorithm inside the camera. Preliminary results showed us
how invert, in some sense, such degradation process.

The next Section shows the details ‘of the proposed model
while the Section-3 will present some results obtained using
such methodology. In Section 4 we briefly introduce, a new
strategy of work useful to adapt the quantization table to the
relative error due to the digital camera sensor. Finally a
conclusion Section will give a brief overview on directions
for future works and researches. '

2. Q-Tables optimization

The next subsections are devoted to describe in details
the main concepts and ideas followed to analyze, both
perceptually and statistically, the images in each one of the
different image database we used in the learning phase. In
this way we have obtained a suitable model for the three
classes under examination (Document, Portrait and
Landscape) obtaining a sort of class-adaptive quantization
table that sensibly improves the standard Q-tables.

2.1. Statistical analysis

Many others have tried modeling the global coefficient
distribution to optimize the quantization step in the JPEG
encoder [14], [19]. Earlier investigations were done by Pratt
[13] and Reininger/Gibson [17]). Their works confirm that
DCT coefficients can be modeled using Laplacian density
functions; these studies are not so well applied to improve
the JPEG algorithm because the coefficient modeling affects
visual perception in a way that it is difficult to fully
understand. We claim that only addressing this kind of
analysis to specific classes of images it is possible to obtain
effective improvement. The relative statistical regularities, if
present, must be captured and properly used. We conducted
our experiments using three large databases, respectively for
document, portrait and landscape images, but the same kind
of analysis could be conducted for every effective image
class. It is our intention to be able to generalize this
methodology obtaining an automatic way to discriminate, if
possible, the key concept of effectiveness.

We have approximated the statistical distribution of the
AC DCT coefficient, both luminance and chrominance
components, of an 8x8 block, by a Laplacian distribution in
the following way [17]:

pi)=A 2 €M ij=01.2 7
where:
j'l,_/= sqrt(2)/o; ;;

o,; is the (ij)-DCT standard deviation, directly
measured over a large database;
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Experiments confirm this hypothesis. It is interesting to
note as in some recent papers [8], [12], these results has been
applied in order to reduce the amount of computation in the
DCT calculation and/or to improve MPEG encoder
performances. :

2.2, Human visual system

In order to customize and optimize the performance of
the quantization step of JPEG compression algorithm, it is
fundamental to be able to consider the perceptual
redundancy presents in any digital image. Several attempts in
this sense have been done in the past [5], [7], [15], [16], [23]
with different results. Obviously the main target in this case
is devoted to achieve better compression results preserving
the perceptive quality of the image. We have chosen to
weight each DCT frequency, in an 8x8 block, using the
perceptual model based on both Modulation Transfer
Function (MTF) and Contrast Sensitivity Function (CSF).
MTF function was used for the first time by Mannos and
Sakrison [9]. It describes the human eye’s sensitivity to
sine/cosine wave gratings at various frequencies. The
classical functional expression of the MTF function is:

H(w)=a(® + c o) exp (@)’

where a=2.6,b6=0.192,¢=0.114,d= 1.1 and wis the
radial frequency in cycle per degree of visual angle (e.g.
based on both resolution display and viewing distance). It is
possible to tune the different parameters of the function in
order to obtain the most suitable target dependent behavior.
The sensitivity of human eyes to sine/cosine wave gratings
(e.g. DCT frequencies) can be also measured by the CSF
contrast sensitivity function [15].

The two corresponding functions we used are:
Si(@) = - 4.47 &'+ 8.860 4.39;
Sa(o)=-0.0222 & - 0.001 o;
where wis the natural logarithm of the number of cycles
per degree appearing at the retina, o is simply obtained as 6
arctg(j / i) and o= min{8, 90-0} where (ij) are the
corresponding DCT basis. The final value used to suitable

consider the HVS (Human Visual System) response
functions is:

P =H(ay+ In(Si(@) + Su(0))

Obviously the parameters used above can be customized
to the particular viewing conditions to achieve specific
improvement.

ij=01..7
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Figure 1 - Plot of the f{4) function for the three different image
classes considered.

2.3. The model

Combining together both the statistical model and the
perceptive weight associated with each one of the DCT basis
we have derived suitable quantization tables, specific for a
given class of digital images. The luminance Q-table we
adopted is obtained in the following way:

qi; = 1 + round [(100/G * (G - Pfj)V(iij]
Lj=01..,7
where:

- P;; is the measured weight associated with the i, j
coefficient, for a given target display and viewing
condition, obtained as a simple summation of the visual
functions measured in the previous section with the
exception of the DC coefficients however set to 1;

- G is a normalijzation constant;

-f : R—[0,1] is a function that captures the information
theoretical data of the various classes. In particular it
measures the relative weights for low, medium and high
frequencies.  Its analytical slope has been obtained,
measuring the improvement, in terms of PSNR, with regard
to the standard Q-tables, simulating the compression over a
data set of images, after having fixed the relative target bit-
rate.

In this way it has been possible to obtain quantization
values modeling together the effective distribution of the
data together with the relative perception of each single
frequency. The particular slope of the f function is plotted in
Fig. 1. The function has three areas of application: the A-
axis, is properly splitted in three part according to the max A-
value measured. The associated f{4;) is referred to the
particular statistical variation of the (i,j) basis.
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3. Experimental results

Our experiments have been performed independently for
each one of the three classes of images. The intensive
learning phase has been executed using about 100 RGB
images for class, with different size and resolution,
rigorously uncompressed. The main HVS parameter used for
all results reported are: 3 times picture height as distance
viewing and 72 dpi as resolution display but we have already
noted how these values should be specifically evaluated with
the real values. We have mainly compared our tables with
the tables suggested in the Annex K of the standard JPEG
[14]. Using a priori knowledge collected in the learning
phase about the statistical DCT behavior, it has been possible
derive the corresponding quantization tables for each one of
the three specific image classes. At the moment our resuits
are addressed versus the optimization of the luminance
tables, but we claim that a similar analysis could be realized
to for the chrominance tables, improving furtherly the final
result. The evaluation of the real effectiveness of the tables
obtained has been computed compressing a set of images for
specific class, different from the training set, using the
standard baseline JPEG compression. The final comparison
which results are reported in Tables 1, 2, 3, respectively for
Document, Landscape and Portrait images, shows a sensible
improvement on the average gain obtained, in terms of
PSNR (expressed in Db), between the original images and
the compressed ones at various bit rates.

In Fig. 2 is plotted the improvement for a single image,
where the typical PSNR-behavior for a single Document
image compressed respectively with standard and new tables,
is clearly showed. The improvement becomes evident for the
main target of the particular experiment (2 bpp). Analogous
plots have been obtained for Portrait and Landscape images.
It is interesting to note how the best results have been
obtained for Document images that tend to have, with respect
to the other two specific classes considered, statistical
regularities evident and particularly captured by the
proposed method. The Document images present a heavier
relative energy in the DCT domain just along the first raw
and the first column that are known to be directly referred to
the main edges in the block. The reported results suggest us
to extend the strategy adopted in a more general sense,
optimizing properly each DCT compression engine with the
relative scalar dead-zone quantizer, present in almost
consumer electronic devices (e.g. digital camera/video).



Avg Gain Avg Gain(%)

Bpp
(PSNR)
0.36 2.54%
2.12 3.77%
175 2.98%
1.60 2.8%

Table 1 - Results for Document images.

Bpp Avg Gain Avg Gain(%)
(PSNR)
023 0.79%
0.7692 2.22%
0.6958 1.89%
0.5028 1.33%

Table 2 - Results for Landscape images.

Bpp Avg Avg Gain(%)
Gain(PSNR)
0.7 0.0964 027%
0.5889 1.69%
0.6720 1.80%
0.5145 1.34%

Table 3 - Results for Portrait images

4. Q-Tables and camera sensors

The successive step of our optimization strategies has
regarded the particular real environment where the
compression engine is applied. The quantization process has
typically designed to work in a sort of ideal environment
without taking into account the real degradation process. A
digital images is acquired by an optical engine and/or digital
sensor (e.g. CCD/CMOS sensors in digital still cameras)
followed by classical image pipeline. This process is
intrinsically noisy. Our proposal here is related to the
possibility to profile the error, introduced by the digital
sensor that captures the image itself, trying to invert it into
the successive quantization step, realized during the
compression phase.

We have statistically measured, for large database of
images, the relative error, in the DCT domain, block by
block, between the input original images, and the final
images obtained after the application of typical camera
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pipelines. In particular we have interested in the relative
errors introduced by the specific color
reconstruction/interpolation  algorithm used inside the
camera. Our primary goal is devoted to the statistical
modeling of such kind of error. We have adopted a suitable
strategy inspired by [21] that solves similar problems but in a
different context using the relative error due to the color
interpolation algorithm, between the input ideal image
acquired in a typical bayer data format [1] and the images
obtained after the reconstruction process.

The quantization coefficients relative to the basis having
measured statistical error greater than a certain threshold
have been properly augmented. Our experiments, even if in a
preliminary analysis phase, show significant improvement in
term of bit-rate, maintaining almost constant (both
perceptually and with classical PSNR measures) the quality
of the compressed images. Over a test performed over 30
different images we have obtained an average gain of about
15/20 % in term of compression ratio at the same quality
level. We believe this strategy could be further refined
keeping into account the several algorithmic components that
works together, often independently, inside digital consumer
devices

5. Conclusions and future works

We have proposed a novel approach to generate
quantization tables, suitable addressed for baseline JPEG
compression based on DCT transform. It uses both statistical
analysis based on DCT coefficients distribution together with
some heuristics based on HVS. The results show the
effectiveness of the method with respect to the standard Q-
tables. The methodology presented could be easily
generalized and applied to each DCT compression engine
having a dead-zone scalar quantizer. Further improvements
have regarded the profiling of the specific error in the DCT
domain measured in a common camera pipeline. Future
works includes the design of a similar strategy/algorithm for
the forthcoming JPEG2000 (Visual frequency weighting and
quantization).



algorithms for consumer display scan rate
. have been proposed [1]-[8], but their
ick is decreased dynamic resolution, The
ided by motion compensation techniques
due to the complexity of the motion esti-
far too expensive for consumer television
sbably for a long time to come. The exist-
cit still expensive [13], motion estimation
{16}, on the other hand, cause artifacts in
d images that are considered to be worse
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Figure 2 - Typical PSNR behavior for a Document JPEG-compressed with Standard and Optimized Q-tables.
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