Predicting visible image differences under
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Abstract

ity metrics, which predict a single value that represents an
overall image quality, visibility metrics predict a visibility
map which provides local information about probability of
perceiving the difference between a pair of images. Visibility metrics tend to offer higher accuracy for near-threshold
distortions, which are crucial for the applications in which
no visible artifacts can be tolerated. Visibility metrics can
also predict the location of visible artifacts in images. In
contrast, image quality metrics are better at estimating the
distortion magnitude for supra-threshold distortions.

Numerous applications require a robust metric that can
predict whether image differences are visible or not. However, the accuracy of existing white-box visibility metrics,
such as HDR-VDP, is often not good enough. CNN-based
black-box visibility metrics have proven to be more accurate, but they cannot account for differences in viewing
conditions, such as display brightness and viewing distance. In this paper, we propose a CNN-based visibility
metric, which maintains the accuracy of deep network solutions and accounts for viewing conditions. To achieve
this, we extend the existing dataset of locally visible differences (LocVis) with a new set of measurements, collected
considering aforementioned viewing conditions. Then, we
develop a hybrid model that combines white-box processing stages for modeling the effects of luminance masking
and contrast sensitivity, with a black-box deep neural network. We demonstrate that the novel hybrid model can handle the change of viewing conditions correctly and outperforms state-of-the-art metrics.

Most existing image visibility metrics, such as Sarnoff
Visual Discrimination model (VDM) [16], Visual Difference Predictor (VDP) [8], and High Dynamic Range VDP
(HDR-VDP) [18] are white-box models, which are designed to model the low-level perception mechanisms of
human visual system (HVS). Because of their white-box
nature, these models can generalize well to new conditions,
such as different viewing distances or absolute luminance
levels. However, because of the limited number of trainable
parameters and their complexity, they cannot be trained to
fit complex multi-modal data distributions as effectively as
black-box machine learning-based models. The work done
in [24] demonstrated that CNN-based visibility predictor
achieves higher performance than the existing white-box
metrics. However, this deep learning solution was trained
for and could predict visibility only for a fixed viewing condition: a display with the peak luminance of 110 cd/m2 and
the angular resolution of 40 pixels per visual degree (ppd).

1. Introduction
A number of applications in computer vision, computer
graphics and image processing can benefit from the knowledge whether introduced changes in images are visible to
the human eye, or not. For example, we could use such a
metric to determine the maximum image compression level
for visually lossless compression, the best resolution or
compression method for textures used in computer graphics rendering, or to evaluate image reconstruction methods.
Different from (full reference) image quality or similar-

In this work, we extend the work of Wolski et al. [24] so
that the proposed visibility metric can account for a range
of display brightness levels and angular resolutions. We
achieve this by combining white-box models of luminance
masking and spatial resampling with a black-box CNN1

