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ABSTRACT  

A psychoacoustic model is well established in an audio coding. A psychoacoustic quite threshold is a basic tool on 
audio coding. This paper investigates on a quantitative experimental impact on almost lossless image compression based 
on the concept of psychovisual threshold. This paper proposes a practical image coding on a standard resolution two-
dimensional discrete cosine transform (DCT). A psychovisual model is presented following the psychoacoustic quite 
threshold as a just noticeable difference instead of a quantization table. An experimental result on small and large 
rectangular images shall be presented. This framework can easily produce higher visual quality images at a competitive 
compression rate in comparison to an extended adaptive JPEG compression standard. 
 
Keywords: psychovisual threshold, just noticeable difference, video coding. 
 
INTRODUCTION 

A video consists of a sequence of images. A 
small raw video of 320 pixels by 240 pixels in 30 frames 
per second has a data rate at more than 50 Mbit/s. At such 
high data rate, a video compression is certainly called for. 

Current popular image and video coding schemes 
operate on a small square image block. These frameworks 
are basically due to a much lower processing power from 
the previous century. A large high quality image or video 
frame is typically rectangular. A visual perception on a 
display resolution can be affected by the display screen's 
rectangular shape, which is expressed in aspect ratio. The 
traditional popular ratio is 4:3. 

An independent video frame is encoded using 
only information present in the frame itself. It typically 
uses only transform coding which provides moderate 
compression of two bits per pixel per colour channel. 

Traditionally, each i-frame is a standalone frame. 
A video frame is divided into 8 by 8 or 16 by 16 image 
blocks and then transformed into a frequency domain on 
each small block. It is an efficient mode of coding. It is 
even faster to do it on 4 by 4 image block [1]. 

A typical encoded block consists of 16 by 16 
luminance (Y) and two 8 by 8 chrominance (Cb and Cr) 
components. In MPEG-4, each macroblock’s 16 by 16 
luminance may be partitioned into 16 by 16, 16 by 8, 8 by 
16, and 8 by 8 as discussed in [2].  

Previous research mainly focuses on a small 
block by applying a discrete orthonormal transform on 
which an optimal quantization table is assigned to the 
frequency image signals. Recently, the employment of a 
psychovisual threshold has been investigated on an 8 by 8 
JPEG baseline coding [3, 4].  

Traditionally, 8 by 8 block transforms have been 
used for image and video coding. The 8 by 8 size has the 
advantages of being dyadic, large enough to capture trends 
and periodicities while being small enough to minimize 
spreading effects due to local transients over the transform 
area [5]. 

In this paper, a novel psychovisual model is 
proposed and practically tested on a small rectangular 
image block. One of the major drawbacks of the block-
based DCT compression methods is that it may result in 
visible artifacts at block boundaries. An adaptive post-
filtering algorithm has been proposed in [6] to remove 
coding artifacts in block-based DCT compressed images. 
A presence of blocking artifacts may be detected using 
block activity based on human visual system and block 
statistics. 

A psychovisual model is presented following the 
psychoacoustic quite threshold as a quantization threshold. 
An experimental result on small 6 by 8 from a large 240 
by 320 image frames shall be presented.  

 

 
 

Figure-1. An absolute hearing threshold across audio 
spectrum. 

 
A Psychoacoustics hearing threshold  

The field of psychoacoustics has made significant 
progress toward characterizing human auditory hearing 
threshold and particularly the time-frequency analysis 
capabilities of the inner ear. Nevertheless, the same 
advancement has not been achieved in the psychovisual 
model. At the same time, an experiment on a psychovisual 
threshold is subjective to the frequency transform being 
applied on the image signals. 
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This paper will extend on the concept of scalable 
psychovisual threshold from an adaptive JPEG image 
compression to intra and background frames on video 
compression. The concept of the psychovisual error 
threshold can be obtained from quantitative experiments 
by evaluating the just noticeable difference (JND) of the 
compressed image from the original image at various 
frequency orders [2].  

The absolute threshold of hearing maps the 
minimum amount of energy needed in a pure tone such 
that it can be detected by a young sensitive listener at 
various audible frequencies. The quiet (absolute) threshold 
[7] is well approximated by the nonlinear function, 
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As depicted in Figure-1. In a high fidelity audio 
compression, the inaudible frequency signal below this 
energy threshold will not be encoded at all. While the 
threshold curve captured in Figure-1 is associated with 
pure tone sound, the same concept is not well established 
in a digital image processing. The curve is often referred 
to in an audio coding system by equating the lowest point 
(i.e., near 4 kHz) to the energy in 1 bit of signal amplitude. 
The same concept has been applied here on a psychovisual 
threshold. 

First, a psychovisual curve as a function of 
frequency order is proposed. Second, a psychovisual 
experiment will be conducted to generate the contour map 
from DCT to establish the level of 1-bit reconstruction 
error. Third, a set of parameters is chosen on the 
luminance and chrominance psychovisual curves as JND 
curves. Lastly, the performance of these noticeable visual 
thresholds is tested on real and graphical images. 

 
A Psychovisual threshold on discrete cosine transform  

Traditionally, the DCT provides a good support 
on a small image block [8, 9]. Thus, the DCT also has 
energy compactness properties on a large image. For a 
given set of input value f(x, y) known as image intensity 
values of sizes M by N, the forward DCT of order p + q is 
given as follows: 
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for p = 0, 1, 2, ..., M−1 and for q = 0, 1, 2, ..., N−1 where 
( , )f x y  denotes the intensity value of an image at the 

pixel position x and y.  
 
The frequency coefficients are 
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The inverse of DCT on a perfect image 
reconstruction from its frequency coefficients is given as 
follows:  
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for x = 0, 1, 2, ..., M − 1, and  y = 0, 1, 2, ..., N − 1, where 

),(
~

yxf denotes the reconstructed intensity value and 

M+N denotes the maximum frequency order being used.  
Initially, an input RGB image is converted into 

YUV colour space. An input image is a raw M by N block 
of image pixels.  In the previous work, the 8 by 8 DCT 
psychovisual threshold has been generated for image 
compression3. The same technique shall be applied here to 
generate a new 6 by 8 DCT psychovisual threshold.  

 

 
 

Figure-2. The luminance quantization curves from classic 
JPEG compression give a good impression on a 

psychovisual threshold. 
 

A noticeable visual threshold 
A quantization table approximates the sensitivity 

and critical capabilities of the human visual system. The 
irrelevant image information is removed by the 
quantization table without any discretion. An adaptive 
JPEG quantization step does not take the rate of distortion 
into consideration. Most of the time, the quantization 
process will limit the scope of the high frequency signals 
and discard information which is not visually significant 
for better compression.  

 
Table-1. Standard JPEG quantization values for 

luminance channel. 
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Table-2. Standard JPEG quantization values for 
chrominance channel. 

 

 
 

In general, a human visual system is more 
sensitive to the low frequency signals than to the high 
frequency signals. Nevertheless, it is discovered in this 
research, a human visual system is very sensitive to the far 
end high-frequency signals. Traditionally, it is also well 
known that the young ears are more sensitive to the high 
frequency sound. However, they do not have the buying 
power in the music industry. As shown in Figure-1, the 
audio hearing threshold is not going down on the far end 
of high frequency audio signals in favor of gaining higher 
compression rate. 

The sensitivity threshold of the human visual 
system at the very low order signals has hardly been taken 
into consideration. It is also noted that the standard 
luminance curve goes down slightly on low frequency 
signals as the counterpart in psychoacoustic threshold as 
depicted in Figure-1 between 2 kHz and 5 kHz frequency 
signals. This region is the most sensitive frequency signals 
to a human hearing system. A person can hear a whisper at 
a very low energy level. The classic JPEG luminance 
quantization curve follows the same concept as shown in 
Figure-2, the curve goes down below 16 within frequency 
order 1 and 3. 

Similarly, human visual system is perceptually 
sensitive to certain high frequency image signals. For 
instance, human visual system is naturally highly sensitive 
to the smoothness of human skin. This effect has been 
modestly taken care by luminance JPEG quantization table 
only as the quantization values go down slightly at 
frequency order 13 and 14 in Figure-2.  

The JPEG quantization tables have been known 
to offer satisfactory performance, on the average, over a 
wide variety of applications and viewing conditions. The 
traditional JPEG quantization tables for luminance and 
chrominance are shown in Table-1 and Table-2. These are 
the most commonly used quantization tables as they are 
published by the Independent JPEG Group in 1998. Since 
then there has been considerable progress in determining 
an optimal quantization value at various frequency orders. 

 

 
 

Figure-3. The quantization curves follow the concept of a 
just noticeable difference on a 6 by 8 image block. 

 
A scalable JND curve on 6 by 8 DCT  

This section will show how the JND quantization 
curves can be applied to a small rectangular DCT block. 
For a comparison purposes, a 6 by 8 block is chosen. 
These JND luminance and chrominance curves which 
represent the visual sensitivity of DCT basis function are 
given below respectively. 
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A sample set of parameters of the JND 

quantization curves on a 6 by 8 DCT is presented in   
Table-3. These new 6 by 8 JND psychovisual curves shall 
be used as the quantization values. The quantization tables 
are presented in Table-4 and Table-5 on luminance and 
chrominance respectively. They can be compared to 
traditional JPEG quantization tables for luminance and 
chrominance are shown in Table-1 and Table-2.  

 
Table-3. A sample set of parameters of the JND on a 6 by 

8 block quantization tables. 
 

 
 

The selection of parameters especially on
1LA and 

1CA has been done so that the quality measure is 

equivalent to the standard JPEG image quality [10] 
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according to the Absolute Reconstruction Error(ARE) near 
3 and Self-Similarity Index Measure (SSIM) near 0.986 as 
highlighted in Table-6 and Table-7. Higher parameters 
will result in better compression at the expense of a lower 
quality. 

The JND luminance curve is plotted in Figure-3 
together with the JND chrominance curve for every 
frequency order. The red chrominance curve has been set 
consistently higher than the blue luminance curve. This is 
due to the fact that human eye is more sensitive to the 
change in luminance channel than the chrominance 
channel along the frequency order. Human contrast 
sensitivity is in general skewed to-the-left. Thus, JND is 
suitable to set higher quantization values at higher 
frequency signals. 
 

Table-4. JND quantization values for the luminance 
channel. 

 

 
 

Table-5. JND quantization values for the chrominance 
channel. 

 

 
 

The new smooth psychovisual thresholds for JND 
luminance and chrominance are mathematically defined 
by Eqn. (5). The variable g refers to the number of bit gain 
by the transform being used. Similar to the case of JPEG 
compression, the DCT on an 8 by 8 image block has 
gained g=4 bits. The luminance quantization Table-1 starts 
from 2g=24=16 at frequency order 0+0=0. The JND 
quantization curves can also be applied to a 6 by 8 
rectangular block. The respective value of the bit gain g, 
however, may need further accurate investigation.  
 

Table-6. The image reconstruction quality coming out of 
JND curves standard JPEG quantization process at high 

medium and low quality factors from 48 real images. 
 

 
 
Table-7. The image reconstruction quality coming out of 
JND curves standard JPEG quantization process at high 

medium and low quality factors from 48 graphical images. 
 

 
 

The design process on the JND quantization 
curves in this paper is slightly biased toward compression 
rate. A software developer may easily set the parameters 
higher to gain higher compression rate. As highlighted in 
the left-most column of Table-6 and Table-7, these JND 
quantization curves have been set slightly lower quality 
than standard JPEG quantization tables. The results on the 
average bitrate of Huffman codes in comparison to 
standard JPEG at Q2=50,  these JND quantization curves  
has on average produced slightly lower bitrate, in both real 
images in Table-8 and graphical image in Table-9, on the 
chrominance channels ACU and ACV. 
 
Table-8. The average bit length of Huffman codes coming 
out of JND curves and standard JPEG quantization process 

at high, medium and low quality factors from 48 real 
images. 
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Table-9. The average bit length of Huffman codes coming 
out of JND curve and standard JPEG quantization process 
at high, medium and low quality factors from 48 graphical 

images. 
 

 
 

A sample visual output image coming out of 
JPEG compression on the typical 8 by 8 image blocks and 
default quantization tables is shown in Figure-4. The 
output image coming out of the psychovisual threshold on 
rectangular 6 by 8 image blocks using JND curves is 
shown in Figure-5. The image in Figure-4 carries 8 by 8 
blocking artifacts surrounding Lena’s eyelid along the 
lower eyelashes. Whereas the image in Figure-5 carries a 
more similar but natural 6 by 8 blocking artifacts. Even 
though it carries slightly higher quantitative errors as 
depicted in Table-7, the output image is visually much 
better. A specific attention can be highlighted on the lower 
eyelash below the eye. 
 

 
 

Figure-4. A Lena right eye coming out of 8 by 8 JPEG 
quantization tables is zoomed in 400%. 

 

 
 

Figure-5. A Lena right eye coming out of 6 by 8 JND 
curves is zoomed in 400%. 

 
DISCUSSIONS  

The principle of psychoacoustic model on 
audibility threshold is adopted here to measure the 
psychovisual threshold of the output images. 
Psychophysics is an approach to measure limited 
sensitivity and sensation to the physical characteristics of a 

stimulus. The psychovisual threshold curves in this 
research have been designed to replace the role of 
quantization tables. 

The design process on the psychovisual threshold 
curves in this paper is slightly biased toward image 
quality. A software developer may easily set the 

parameters 
1LA and 

1CA higher to gain higher 

compression rate. At the same time, the psychovisual 
threshold provides a significant impact on the visual 
quality of the compressed image.  

This research has embarked on the psychovisual 
threshold of DCT on small and large rectangular image 
blocks. The psychovisual threshold is practically the best 
measure on an optimal amount of frequency image signals 
to be encoded. This quantitative experiment shows the 
critical role of psychovisual threshold as a basic primitive 
to generate quantization table in an image lossy 
compression.  

 
CONCLUSIONS 

There is a need for an image and video compression 
to move up on a higher performance along the 
advancement of computing powers and multimedia 
networking technologies. A small block transform is a 
popular due to of its compact property and ease of 
implementation. This paper proposes a psychovisual 
design on quantization process based on the human visual 
system model. The smoother rectangular quantization 
tables from the psychovisual threshold produce a better 
visual quality on the standard resolution output image.  

Utilizing a popular encoding technique from audio 
processing, the output images from the proposed 
psychovisual error threshold consume a relatively low 
average bit length of Huffman code. At the same time, 
they produce consistently better visual quality images than 
the standard JPEG quantization tables using uniform 
scaling quality factor. This psychovisual threshold has 
been designed to support an industrial video compression 
in the near future. A set of psychovisual curves has been 
proposed on a small rectangular block for an independent 
video frame. A further investigation should be made on 
the front object in video frames. 
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