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Just Noticeable Difference Estimation Using Visual Saliency
in Images
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Mashhad, Tran
“Image Processing Laboratory, Faculty of Electrical Engineering, Quchan University of
Technology, Quchan, Iran

Abstract

Due to some physiological and physical limitations in the brain and the eye, the human visual system (HVS)
is unable to perceive some changes in the visual signal whose range is lower than a certain threshold so-
called just-noticeable distortion (JND) threshold. Visual attention (VA) provides a mechanism for selection
of particular aspects of a visual scene so as to reduce the computational load on the brain. According to the
current knowledge, it is believed that VA is driven by “visual saliency”. In a visual scene, a region is said to
be visually salient if it possess certain characteristics, which make it stand out from its surrounding regions
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and draw our attention to it. In most existing researches for estimating the JND threshold, the sensitivity of
the HVS has been consider the same throughout the scene and the effects of visual attention (caused by
visual saliency) which have been ignored. Several studies have shown that in salient areas that attract more
visual attention, visual sensitivity is higher, and therefore the JND thresholds are lower in those points and
vice versa. In other words, visual saliency modulates JND thresholds. Therefore, considering the effects of
visual saliency on the JND threshold seems not only logical but also necessary. In this paper, we present an
improved non-uniform model for estimating the JND threshold of images by considering the mechanism of
visual attention and taking advantage of visual saliency that leads to non-uniformity of importance of
different parts of an image. The proposed model, which has the ability to use any existing uniform JND
model, improves the JND threshold of different pixels in an image according to the visual saliency and by
using a non-linear modulation function. Obtaining the parameters of the nonlinear function through an
optimization procedure leads to an improved JND model. What make the proposed model efficient, both in
terms of computational simplicity, accuracy, and applicability, are: choosing nonlinear modulation function
with minimum computational complexity, choosing appropriate JND base model based on simplicity and
accuracy and also Computational model for estimating visual saliency that accurately determines salient
areas, Finally, determine the Efficient cost function and solve it by determining the appropriate objective
Image Quality Assessment. To evaluate the proposed model, a set of objective and subjective experiments
were performed on 10 selected images from the MIT database. For subjective experiment, A Two
Alternative Forced Choice (2AFC) method was used to compare subjective image quality and for objective
experiment SSIM and IWSSIM was used. The obtained experimental results demonstrated that in
subjective experiment the proposed model achieves significant superiority than other existing models and in
objective experiment, on average, outperforms the compared models. The computational complexity of
proposed model is also analyzed and shows that it has faster speed than compared models.

Keywords: Visual Saliency (VS), Visual Attention (VA), Human Visual System (HVS), Just Noticeable
Difference (JND).
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(Figure-2): More detailed block diagram of the proposed model to improve the JND threshold estimation using visual saliency
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(Figure-4): Three visual examples for comparing the visual quality of the proposed model with the uniform JND model in the same
PSNR. From right to left: Original images, visual saliency maps, generated images based on the uniform JND model and generated
images based on the proposed model. In the first row and in the third and fourth columns, the PSNR value is equal to 21.84 dB, in the
second row and the third and fourth columns, the PSNR value is equal to 21.93 dB, in the third row and the third and fourth columns,
the PSNR value is equal to 21.61 dB.
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