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Abstract

The ultimate goal in any proposed Image Quality Metrics
(IQMs) is to accurately predict the subjective quality scores given
by observers. In the case of most IQMs the quality score is cal-
culated by pooling the quality scores from what is referred to
as a quality map of an image. While different pooling methods
have been proposed, most such approaches use various types of
a weighting average over the quality map to calculate the image
quality score. One such approach is to use saliency maps as a
weighting factor in our pooling process. Such an approach will
result in giving a higher weight to the salient regions of the image.
In this work we study if we can evaluate the quality of an image by
only calculating the quality of the most salient region in the image.
Such an approach could possibly reduce the computational time
and power needed for image quality assessment. Results show
that in most cases, depending on the saliency calculation method
used, we can improve the accuracy of IQMs by simply calculating
the quality of a region in the image which covers as low as 20%
of the salient energy.

Introduction

Anyone who works on aesthetic or general quality evaluation
of images has come across some version of the phrase “beauty is
in the eye of the beholder” [1]. In fact, many studies have either
based their work on, or came up with a conclusion which could be
linked to this term. While this term can be interpreted in different
ways, when it comes to images, we can all agree that it is the
observer who decides about the quality of an image.

For decades researchers have tried to introduce an Image
Quality Metric (IQM) which is able to objectively evaluate the
quality of images [2]. Such a focus has resulted in many differ-
ent IQMs, where some are able to evaluate the quality of images
that closely resemble that of a human observer. In fact, the main
goal in objective image quality assessment is to introduce an IQM
which has the highest correlation possible with the perceived sub-
jective image quality evaluation done by human observers. Var-
ious IQMs have shown a significantly high correlation to sub-
jective scores given by observers, nevertheless, different param-
eters such as run-time performance and memory requirements are
seen as challenges that need to be addressed when proposing new
IQMs [3].

Over the years researchers have used different approaches to
evaluate the quality of images [4]]. This includes but is not limited
to structural similarity [5], spatial extensions of color difference
formulae [6], human perception [7], machine learning [8} 9], etc.
[2L[10]. While saliency approaches have been widely used in the
quality assessment of images and videos [[11,[12}[13] it has mostly
been used for giving a higher weight to more salient regions in
images and videos. In their work Alers et al. [14] have taken a
different approach in where they calculate two different quality
scores one for the salient region in the image and another for the
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its background. They have then studied the relationship between
the two introduced objective quality scores and subjective scores
given by observers. Using saliency calculations, in this work, we
take a step further and investigate if we can evaluate the quality of
an image by just evaluating the quality of the most salient region
in the image. We keep the ratio and pixels’ combination in an im-
age untouched to provide a method that is applicable to all IQMs.
Simply said, we investigate if a small but highly salient region in
the image can be used as a good representative of the overall qual-
ity of the image. With the increase in the size and resolution of
images and videos this work can be seen as a first step to inves-
tigate how the computational time and power for calculating the
quality of images and videos could be reduced while at the same
time not deteriorating the performance of the proposed image and
video quality metrics in a dramatic way. This study could also
be the first steps for introducing the concept of personalized IQM
which has previously been introduced in the case of evaluating the
aesthetic quality of paintings and images [15].

In the rest of the paper we first introduce the proposed ap-
proach, in the next section experimental results are discussed, and
finally a conclusion of the findings are presented.

Proposed Approach

For a long time eye tracking devices and saliency detec-
tion techniques have been widely used in different computer vi-
sion and image processing applications [17]]. This is especially
the case in aesthetic and general quality assessment in which
saliency maps have been used to evaluate the overall quality in
photographs [18] and paintings [1]] or for detecting the existence
of the rule of thirds in the same mentioned media [[19} 20} 21]]. In
the case of general quality, saliency maps have been used in im-
age [22] and video [11]] quality assessment. As mentioned earlier,
in the case of such applications, the saliency maps are used as a
weighting factor in which a higher weight is given to more salient
regions in the images and videos. This approach assumes that the
salient region in an image correspond to regions that observers
pay more attention to and so when evaluating the quality of an im-
age their quality has a higher importance to the observer. While
initially such reasoning is justified, using different eye tracking
experiments, it has been shown that given the task to evaluate
the quality of images, observers only take one or two seconds to
decide on the quality of the image [23]. Naturally, such a find-
ing could put doubts on the accuracy of using saliency maps as a
weighting factor for image quality assessment. In other words, we
can confidently assume that the few seconds used to evaluate the
quality of an image would not be enough to accurately observe
the entire image in detail. Keeping this issue in mind, in this work
we study if we can simply evaluate the quality of an image using
only the most salient region of the reference image without taking
the rest of the image into account. For this, the following steps
are taken:
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Figure 1. Sample images from the CSIQ database [4] with the corresponding GBVS saliency [16] maps and the cropped images. While in each case we only
calculate the image quality for the cropped regions for a better understanding of the position of the salient region in the image borders have been added to the

figures to show the location of the salient region with regards to the image.

1. The saliency map is calculated for a given test or reference
image (Figures [I(B)] and [D). In our experiments we use
the Graph Based Visual Saliency (GBVS) [16], ITTI [24],
and the Frequency-Tuned (FT) saliency calculation ap-
proaches.

2. The smallest window in the calculated saliency map which
has a specific portion of the total salient energy in the image
is found (Figures and [(Df@). In our experiments
we use 20%, 30%, 40%, 50%, 60%, 70%, and 80% of the
total salient energy in a given image.

3. The quality of the region detected in step two in the test
image will then represent the overall image quality.

Experimental results

To evaluate the performance of the proposed approach we
use three benchmark databases, the Tampere Image Database
(TID2013) [26]], the Computational and Subjective Image Quality
(CSIQ) database [4]], and the Colourlab Image Database: Image
Quality (CID:1Q) [27].

To measure the performance of the proposed approach we
calculate the non-linear Pearson correlation between subjective
and calculated objective scores. In our experiments we used a
wide range of different IQMs. This includes the Structural Simi-
larity Index (SSIM) [3], the Multiscale Structural Similarity Index
(MSSIM) [28]], the Peak Signal to Noise Ratio (PSNR), the Fea-
ture SIMilarity (FSIM) index [29], the iColor-Image-Difference
(iCID) [30], S-CIELAB [6]], and the CNN based IQM proposed by
Amirshahi et al. [9]. Similar to other studies on the performance
of IQMs [B8]}, a confidence interval is calculated using Fisher’s Z-
transform [31]], giving us a 95% confidence interval for the corre-
lation values. While we also calculated the Spearman and Kendall
correlation coefficients, due to similar correlation rates and space
limit we only report the Pearson coefficients. It should be men-
tioned that the size of the cropped salient region depends on the
image and the saliency calculation method used (Table[T).

In the case of the TID2013 database (Figure [2), apart from
the FSIM IQM the use of the proposed approach performs bet-
ter or as good as calculating the quality score for the entire im-
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Table[T}: Percentage of the image (Figures[i(a)]and[(h)) covered
for a number of different portions of salient energy.

Salient energy
20% 40% 50% 60% 80%

Figure|1(a)| 8% 16% 22% 32% 47%
Figure|I(h) 10% 19% 25% 35% 52%

age. Best results are mainly seen in the case of using the GBVS
saliency detection method on the reference image while using the
FT saliency detection method on test images show the lowest per-
formance. It is interesting to observe that the improvement seen
is lower in the case of the IQMs which are based on structural as-
pects of the image compared to methods such as PSNR which do
not pay much attention to this issue. As the amount of salient en-
ergy in the cropped region in which we calculate the image quality
for increases the difference between the different saliency detec-
tion methods and approaches decrease. This issue could basically
be linked to the fact that the salient regions detected using dif-
ferent saliency approaches tend to overlap with each other as the
amount of salient energy covered increases. It is surprising that
the difference between the best performing approach compared to
the full image does not change considerably when the amount of
salient energy in the cropped region increases from 20% to 80%.

In the case of the CSIQ database (Figure E[), in most cases
we observe that the proposed approach is able to improve the ac-
curacy of different IQMs. The ITTI saliency detection methods
both calculated for the reference and/or test image shows the best
performance among the different possible combinations. With the
increase in the amount of salient energy covered in the cropped re-
gion, the accuracy of the proposed approach improves to the point
that it shows a better accuracy compared to calculating the image
quality for the entire image. Using the CNN based IQM proposed
by Amirshahi et al. [9], with as low as 30% of the total salient
energy, we see better results compared to when the IQM is calcu-
lated for the entire image. While as the amount of salient energy
in the cropped region increases from 20% to 80% the performance
of the proposed approach increases all calculated quality scores
show a higher correlation that using the entire image.
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Figure 2. Non-linear Pearson correlation values for different image quality metrics calculated for the TID2013 dataset for three different saliency calculation

methods shown with 95% confidence intervals.
correspond to the GVBS approach calculated for the test images,

In the plots markers in red correspond to the GVBS approach calculated for the reference images, blue
correspond to the ITTI approach calculated for the reference images, cyan correspond
to the ITTI approach calculated for the test images, magenta correspond to the FT approach calculated for the reference images,

correspond to the FT

approach calculated for the test images, and black corresponds to calculating quality of an image in its entire size. Due to space limit we have provided larger
figures for two ends of the range. Please zoom in the figure for a better scale of each plot.

In the case of the CID:IQ database (due to space limits we
only show results for the 50cm distance Figure[d), different IQMs
in general show a better performance in the case of subjective
scores for a viewing distance of 50cm compared to 100cm. This
is also the case using the proposed approach where better perfor-
mance is seen in the case of a viewing distance of 50cm compared
to 100cm. While with a viewing distance of 550cm the proposed
approach is able to outperform classical image quality evaluation
approaches calculated for the entire image, this is not the case for
a viewing distance of 100cm. Similar to the CSIQ database the

IS&T Infernational Symposium on Electronic Imaging 2021
Image Quality and System Performance

ITTI saliency calculation method provide the best results.

We should point out that the proposed approach showed a
low performance in the case of images which had a uniform dis-
tribution of saliency across the image (T(h)). In other words, the
proposed approach works better when there is a dominant salient
region in the image (I(@). In our experiments we further in-
vestigated the performance of the proposed approach on differ-
ent types of distortions. Our results showed that when compared
to the entire image, the proposed approach has the best perfor-
mance for the Blur, AWGN, and JPEG2000 distortions using the
GBYVS and ITTI saliency calculation methods. The proposed ap-
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Figure 3. Non-linear Pearson correlation values for different image quality metrics calculated for the CSIQ dataset for three different saliency calculation

methods shown with 95% confidence intervals.
correspond to the GVBS approach calculated for the test images,

to the ITTI approach calculated for the test images, magenta correspond to the FT approach calculated for the reference images,

In the plots markers in red correspond to the GVBS approach calculated for the reference images, blue
correspond to the ITTI approach calculated for the reference images, cyan correspond

correspond to the FT

approach calculated for the test images, and black corresponds to calculating quality of an image in its entire size. Due to space limit we have provided larger
figures for two ends of the range. Please zoom in the figure for a better scale of each plot.

proach shows lower collaboration values in the case of FNoise.
On average the FT saliency method shows a slight improvement
in the case of the Blur, contrast, and JPEG2000 compression dis-
tortions while in the case of the JPEG and FNoise distortions us-
ing the proposed approach reduces the accuracy of IQMs. In the
case of the TID database, the proposed approach shows improve-
ment in JPEG compression, Lossy compression of noisy images,
and mean shift. A significant improvement is seen in the CID:1Q
dataset with a viewing distance of 50cm in the case of the GBVS
and ITTI saliency methods while the FT method does not show a
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significant change. Other than the JPEG and blur distortions the
proposed approach does not show an improvement in the case of
the CID:IQ dataset with a viewing distance of 100cm. We should
point out that due to the nature of the saliency calculation methods
used, the computational time of the proposed approach is shorter
than calculating the IQM for the entire image.

Conclusion and future work

In this work, we studied the possibility of just using the qual-
ity score calculated for the most salient region in the image to
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Figure 4. Non-linear Pearson correlation values for different image quality metrics calculated for the CID:IQ dataset with a 50cm viewing distance for three
different saliency calculation methods shown with 95% confidence intervals. In the plots markers in red correspond to the GVBS approach calculated for the
reference images, blue correspond to the GVBS approach calculated for the test images, correspond to the ITTI approach calculated for the reference
images, cyan correspond to the ITTI approach calculated for the test images, magenta correspond to the FT approach calculated for the reference images,

correspond to the FT approach calculated for the test images, and black corresponds to calculating quality of an image in its entire size. Due to space
limit we have provided larger figures for two ends of the range. Please zoom in the figure for a better scale of each plot.
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