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Abstract. This paper presents a novel just noticeable distortion (JND) guided
foveation video coding method, by which the foveation region can be adap-
tively selected according to the video content. In the proposed method, two
factors are taken into account: first, we set a fixed foveation and then get the
cut-off frequency for every macroblock. Second, we compute the JND values
for each pixel in the frame to be encoded, and then use the JND variance of
each macroblock to tune the corresponding cut-off frequency. The method pre-
sented can be implemented without any modification of the decoder and is
compatible with all the existed coding standards. Based on the proposed mode,
a framework of preprocessing is brought forward. And experimental results
have demonstrated that foveated pictures with higher perceptual quality could
be obtained, compared with traditional foveation model.
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1 Introduction

Video coding at low bit rates always results in much information lost in order to sat-
isfy the rate requirements. Since not all information is equally important to human
visual system (HVS), it is possible to localize the information loss based on certain
perceptual criteria. Currently, most perceptual video coding algorithms try to use the
characteristics and limitations of HVS to discard the information that is unimportant
to the receiver.

There are two kinds of photoreceptors—cones and rods in the retina. The cones are
responsible for vision in normal light conditions, while the rods are responsible for
vision in very low light conditions, and hence are generally ignored in the modeling.
The density of the cone cells is the highest at the fovea and drops very fast with in-
creasing eccentricity. These density distributions play important roles in determining
the resolution ability of the human eyes. Foveation is a layer of HVS modeling that
describes its inability to perceive an entire visual stimulus at full resolution because of
the non-uniform spacing of sensor neurons. Spatially, the resolution, or sampling
density, has the highest value at the point of the fovea and drops rapidly away from
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that point as a function of eccentricity. As a result, when a human observer gazes at a
point in a real-world image, a variable resolution image is transmitted through the
front visual channel into the high level processing units in the human brain. In princi-
ple, large savings in transmission bandwidth can be obtained by matching the spatial
resolution of the transmitted signals to the fall off in spatial resolution of the HVS.

In [1], a foveation model is presented by taking advantage of the fact that the spa-
tial resolution of HVS is highest around the point of the fixation (foveated point) and
decreases rapidly with increasing eccentricity. Such model just considers the eccen-
tricity of the relative position, but in fact, the spatial resolution not only depends on
the location of current pixel but also depends on the content of the current frame.

Besides foveation based algorithms [1,6], just noticeable distortion (JND) based al-
gorithms [2,3,8,9] are also popular in perceptual video coding. It is known that due to
the underlying spatial/temporal sensitivity and masking properties [4], human eyes
cannot sense any changes below the JND threshold around a pixel. Therefore, JND can
be seen as a property of the video itself even when the visual signal is not processed.

Though many algorithms are proposed based on either foveation model or JND
model, there is no reported video coding schemes accounting for both of them. In
order to use both the relative position of pixels within the video sequence and the
content of the video, the JND model and the foveation model are integrated in this
paper. First, by the cut-off frequency for every macroblock with a simple fixed fovea-
tion point, the spatial residuals are removed. Second, the cut-off frequency is adapted
by the JND variance of the macroblock. And then both the spatial and the temporal
residuals can be eliminated.

The rest of the paper is organized as follows. In Section 2, we give the detailed de-
scription of the proposed content adaptively foveation model. Relative experimental
results for the proposed model are presented in Section 3. Finally, this paper is con-
cluded in Section 4.

2 A JND-Guided Foveation Model

In this section, we first review the existed foveation model. And then a new content
adaptively foveation model as well as the implementation issue is presented.

2.1 Traditional Foveation Model

The sensitivity of HVS at different regions in the eye (fovea and peripheral) has been
studied in terms of contrast sensitivity functions [6], [7]. Psychological experiments
have been conducted to measure the contrast sensitivity as a function of retinal eccen-
tricity [8]. In Geisler and Perry’s work[8], a model relates the sensitivity of the human
eye to different spatial frequencies f, when presented to a human observer at differ-

ent eccentricities, e, and fits the experimental data was given by [1]:

CT(f,e)=CT exp[agfe”zj (1)

)
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For a given eccentricitye, (1) can given a critical frequency (also called cut-off
frequency) f., and any higher frequency component beyond it is invisible. By setting

CT to 1.0 (the maximum possible contrast) equation (1) can be used to find the criti-
cal frequency f, for a given position. In this paper, we use the empirical model for the

normalized maximum detectable frequency [5]:
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where K is a constant, with the value is 13.75 in this paper, and v is the distance
between the viewer and the display device.

2.2 A Novel Content Adaptive Foveation Model

In the traditional foveation model, the spatial resolution decreased dramatically away
from the fixed point as a function of the eccentricity. As we know, the eccentricity is
only determined by the distance between the current pixel and the fixed point. But the
HVS consists of a complex system, and the sensitivity of the HVS is different for
different aspects of the visual stimulus, such as brightness, contrast, texture, and tem-
poral changes. In the spatial domain, there are two types of effect--the luminance
adaptation and the texture masking co-exist in most video sequences. It is well
known that the HVS is more sensitive to luminance contrast rather than the absolutely
luminance, and thus the luminance adaptation effect can be determined by the lumi-
nance contrast experimentally. Texture masking which indicates the complexity of the
presented region can be used to demonstrate the sensibility of HVS in the correspond-
ing regions. And the texture masking can be determined by the luminance difference
around the present pixel. Besides, some temporal effects can also affect HVS, among
which the temporal masking is one of the most important aspects of the HVS. Usu-
ally, the temporal masking are determined by the interframe luminance difference
between the tth and (7-1 )th frames.

Consider that if we get one critical frequency for a pixel, the complex of the fovea-
tion model will be very high. And the typically video compression methods are all based
on block matching, so in order to compatible with these compression methods we take
the block as an independent process unit. Where the size of the blocks can be 4x4,8x8,
16x16 or others. In the proposed model, we take 16x16 block size as the process unit
under the consideration of the spatial —temporal complex and visual quality.

As we know, the larger the variance of JND value of the current block, the distribu-
tion of JND value is more instability. The phenomenon indicates that the distribution
of pixels in current block is complex; the region is most likely in the motion region or
in the border of the object, where human eyes are more sensibility.

Suppose that the average of the current macroblock is JND,,,,, (x, y) , and then the

variance and the average of this macroblock can be denoted as follows:
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where mXn is the number of the blocks in the current frame. And
1<x<img_width/16 and1 < y < pic _ height /16, that is due to the reason
that in the proposed model, we divide one frame into non-overlapped 16X 16 blocks.
In this paper, many aspects of the HVS are integrated in the proposed model. Since

we can obtain both the JND value [8] and the critical frequency for each pixel, the
adaptively critical frequency can be denoted as follows:

(JND,, (x,y)+C)
K

In the proposed model all the pixels in one macroblock are of the same cut-off fre-
quency. Hence, for every macroblock we can get the variance JND value denoted as

JND, (x, y) , which is used to represent the HVS sensibility in the corresponding

fcaided (X, y) =

X fe(x,y) )

region in this paper.

2.3 The Proposed Framework

In this paper, we have followed the local bandwidth method described in [5].Before the
encoding stage beginning, the video frames is pre-filtered by a low-pass filter which has

a critical frequency equal to the JND-guided frequency fc,,,,, . And then the frame is

partitioned into different filtering regions based on their distance from the fixed point.

All distances and coordinate measurements are normalized to the physical dimen-
sions of pixels on the viewing screen. For a number of supported viewing distances vV,
8 (can be changed according to actual needs) possible values of the maximum detect-
able frequency are used. Consequently, images can be effectively partitioned into a
set of foveated regions, and each region has a constant critical frequency. The fovea-
tion regions are thus constrained to be the union of disjoint macroblocks, and the
boundary (the distance from the fixation point) of each foveation region is pre-
calculated for all the possible values of the viewing distance v .

In the traditional foveation model all frames in one sequence have the same distribu-
tion of the critical frequencies, which is not suitable for many cases. In order to over-
come this defect, adaptive frequency distribution is used in the proposed method. We
can get an index for each possible frequency in the proposed model, and then the pic-
ture is essentially filtered with variable filters of a different cut-off frequency. Similar
filters with [5] have been used. The normalized critical frequency of each filter is equal
to i/8 where i is the region index (from 1/8 to 7/8) with a corresponding index.

The preprocessed frames are then encoded by H264 reference software jm 9.8.
Since the preprocessing removes the high frequency about spatial and temporal in-
formation, reduced bit rate can be achieved.
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Moreover, foveation preprocessing is independent of the video coding scheme,
which makes it compatible with any existing standards and need not to change or
update the encoder.

b) Visual quality processed by traditional method, bit rate is 671.87kb

Fig. 1. The visual quality of sequence bus processed by the proposed method and traditional
method
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Fig. 2. The curves between SSIM and bit rate of bus sequence which compressed by the pro-

posed method and the traditional foveation model
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b) Generated by traditional foveation model

Fig. 3. Filter numbers of the second frame in bus sequence
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a) Generated by proposed method with bit rate is 233.36kb
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b) Generated by JM98 with bit rate is 353.39kb

Fig. 4. Visual quality of bus sequence in the same QP compressed by the proposed method and
JMO8 respectively
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3 Experimental Results

To verify the efficiency of the proposed scheme, several experiments were tested on
‘bus’ sequence, with the frame rate of 30fps and the resolution of 352x288. We com-
pare the proposed scheme with the traditional method, where only one single fixation
point was set in the center of each frame.

In the simulation, 30 frames of each test sequence were pre-filtered by the pro-
posed model and then were encoded by the JM9.8. In order to compare the proposed
method and the traditional foveation model, we present the reconstructed frames of
‘bus’ sequence under the same bit rate. The reconstructed frames which are preproc-
essed by the traditional model and the proposed model are shown in Figure 1. The
performance indicates that the proposed model outperforms traditional foveation
model in terms of visual quality under similar coding bits.

Figure 2 illustrate the curves between SSIM and bit rate of bus sequence. Where
the “Propose” curve indicate the effect compressed by the proposed method, and the
“Fovea” curve indicate the effect compressed by the traditional method. The experi-
ment result illustrate the proposed method can reduce the bit rate up to 40% while the
similar SSIM value can get.

To further demonstrate the validity of the proposed method, we have obtained the
filters of each macorblock in the second frame of bus sequence, which is depicted in
Figure 3. In this figure, different numbers represent different intensity of the filters, and
the filter with the smaller intensity takes the larger numbers. An interesting observation
is that filters with larger numbers are concentrated on the center of the picture in
Figure 3(b), whereas the numbers of filter are distributed dependent on the picture
content in Figure 3(a). That’s mainly because the proposed method takes into account
multiple HVS properties, while traditional method just considers the spatial location.

Subjectively comparisons of the reconstructed pictures generated by the proposed
method and anchor are exhibited in Figure 4. In Figure 4, we can observe that the
proposed method achieves similar result compared with the anchor, while about 30 %
bits are saved.

4 Conclusion

An improved foveation model has been proposed for video coding in this paper. The
major contribution of this paper is integrating the temporal effects into the typically
foveation model. Experimental results show that a good tradeoff between subjective
quality and the bit rate saving can be achieved by the proposed model. In addition,
specially-designed experiments and the associated subjective tests demonstrate the
improved performance of our new model compared with the traditional foveation
model under the similar bit rate. And the proposed model can reduced the bit rate up
to 30%, when the similarly visual quality is shown.
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