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Abstract—Spatial psychovisual modulation (SPVM) is a new
information display technology, which aims to generate multiple
visual percepts for different viewers on a single display simulta-
neously. After the proposal of SPVM, lots of efforts have been
made and several applications (i.e., dual-view display system)
have been implemented based on this technology. The dual-view
display (DVD) system is considered as an effective digital image
hiding system based on SPVM theory, but little work has been
dedicated to the perceptual quality assessment of DVD system.
Up to now, there is no clear and standard method to evaluate
the performance of the dual-view display system. It is important
for the viewers to see a clear and non-aliasing image when they
are front of the screen. Therefore, in this paper, we will build a
DVD database and carry out a subjective experiment to evaluate
the performance of the DVD system, and then we investigate
and analyze the performance of prevailing no-reference (NR)
image quality metrics on the particular DVD system. We have a
sufficient belief that this paper can supply the guideline for the
performance on the DVD system and serve as a good testing bed
for future research of SPVM technology.

Index Terms—Spatial psychovisual modulation (SPVM), image
quality assessment (IQA), dual-view display (DVD), subjective
experiment, no-reference (NR)

I. INTRODUCTION

As a new display technology, Temporal Psychovisual Mod-
ulation (TPVM) was lately proposed by Wu and Zhai in [1],
[2], [3] and [4], which aims to generate multiple percepts for
different viewers on the same medium. In TPVM system, the
viewers wearing different active liquid crystal (LC) glasses
with varying transparency levels can see different images
(called personal views). The viewers without LC glasses
can also see a semantically meaningful image (called shared
views). The idea of TPVM can be extended to spatial domain,
called spatial psychovisual modulation (SPVM). The imple-
mentation of dual-view display (DVD) system is based on the
SPVM. It is possible to devise a type of dual-view system
on a single display using the mismatch between resolutions
of modern display devices and the HVS. Modern display
devices now support very high pixel density. Meanwhile the
human visual system (HVS) cannot distinguish image signals
with spatial frequency above a threshold, as predicted by the
contrast sensitivity function (CSF). Therefore, a stereoscopic
display device can be utilized in DVD system, odd and even
scan lines of the device are polarized in different directions.
The PPI of this type of screen is usually very high that HVS
cannot discriminate the mismatch between the left and right
eye image. It is possible for this type of display device to

Fig. 1: The prototype system of the dual-view display. We denote
the view through this polarization glasses or polarizing film as the
personal views and the one watched directly from the screen as the
shared views.

broadcast a pair of images simultaneously on the screen in
odd and even lines. We can only see the odd line or even line
image when using a pair of glasses with both glasses in the
same polarization direction. We denote the view through this
polarization glasses as personal views and the one watched
directly from the screen as the shared views. The prototype
system of the DVD system is shown in Fig. 1. Supposing a
pair of images X1 and X2 are displayed in the odd and even
lines simultaneously. Using a pair of glasses matched to the
odd lines, we can see personal views X1. And with naked
eyes, we see shared views Y = X1 + X2. The mechanism
behind the DVD system is shown in Fig. 2

After the emergence of TPVM and SPVM, so far many
researches have been conducted and some applications have
been implemented. In order to prevent camcorder privacy, a
new video projection technology was proposed in [5] and
then extended via DLP in [6]. Another application of TPVM
is information security, it was present in [7], meanwhile, in
[8] information security can also be implemented in spatial
domain by SPVM, which is an extension of the idea of TPVM.
The technology of SPVM has also been widely employed in
some other applications.

In the abovementioned applications, however, no standard
and clear image quality assessment (IQA) method is used to
evaluate the performance of DVD system. There exists a prob-
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Fig. 2: The mechanism of the dual-view system on a single display.

lem of DVD system that it will appear aliasing phenomenon
between two kinds of views, leading to a significant impact
on the viewers under normal viewing conditions. Without the
assessment criteria, we are unable to correctly tell whether the
system achieves the optimum visual effect or not. So we first
investigate and develop the image quality metrics for dual-
view display system by most mainstream IQA algorithms.

Following the research line of IQA tasks, numerous existing
approaches have been proposed over the last several decades.
IQA can be basically divided into two categories: subjective
and objective assessments. The first subjective assessment is
often regarded as the ultimate quality criterion, but it is of
expensive and time-consuming shortages and furthermore im-
practical for real-time processing systems. As a consequence,
objective metrics have become an intensely research topic
during the past years. Based on the availability of the original
image, image quality metrics are further classified into three
types, namely full-reference (FR) [9], [10], reduced-reference
(RR) [11], [12], and no-reference (NR) [13], [14] methods
depending on the accessibility to the original reference points
[15]. Some of them perform substantially well in predicting
the subjective ratings on popular image quality databases [16],
[17]. The target of IQA is to design metrics for objective
evaluation of quality in a way that is consistent with subjective
human sensations. The largest number of objective image
quality assessment metrics are FR-IQA algorithms [18], [19],
which assume that the original image signal is completely
known. Those quality measures are usually of high perfor-
mance.

For the convenience of the research about the effects of
different factors on image quality, we build the DVD image
database. In the DVD database, we choose eleven images as
the original image in the KODAK database. Then we can save
the images on the display when the system is running under
the same conditions. This database consists of 420 images
generated from eleven pristine images in DVD system. It will
be divided into two groups, i.e., the personal views and the
shared views. Each group contains 210 images, which make
us convenient to analyze the performance of a variety of DVD
quality metrics.

The remainder of this paper is organized as follows: Section
II details the process of constructing the image database and
subjective experiment. Section III gives the objective quality
metric for the DVD database by different NR algorithms and
the associated results and analyses on experiments. At last, we
conclude this paper in Section IV.

(a) (b)

Fig. 3: The setup of subjective experiment. (a) is on subjective
quality assessment for personal views. (b) performs subjective
quality assessment for shared views.

II. SUBJECTIVE QUALITY ASSESSMENT

To facilitate our research on the quality assessment, we first
establish a special image database which contains two groups
of images with different dynamic range and the subjective
quality evaluations in the form of MOS.

A. Database Construction

To make the research convenient, we construct a prototype
system, which are composed of polarized glasses and a inter-
laced polarization 3D LCD display. When the DVD system is
running, people can see the shared views without glasses and
the personal views with glasses. The subjective experiment
setup is shown in Fig. 3. In order to evaluate the performance
of DVD system, we construct a new DVD database with two
typical factors, that is, image complexity and image dynamic
range. It is worth mentioning that both above two factors
substantially affect human perceptions of image/video quality.
(1) Image dynamic range: The image dynamic range will

make a significant impact on perceived image quality in
DVD system. At the same time, it is a trade-off coefficient
to balance the visual effect between the personal views
and the shared views. If we set the coefficient of the
image dynamic range equal to 0.5, the dynamic range of
the personal views is from 128 to 255, and the dynamic
range of the shared views is from 0 to 127. It means that,
we make the shared views turn whiter and the personal
views darker than the original images.

(2) Image complexity: The complexity of an image tells
many aspects of the image content and is an important
factor in the selection of source material for the DVD
database. The higher of the image complexity, the more
spatial information in this image. The image complexity
will make a remarkable effect on the performance of the
DVD system.

Image materials of our database includes 420 images which
can be divided into 2 groups, group one represents the
shared views, which means people see the images without
the polarized glasses. The other one shows the personal
views, which stems from the personal views by simulating
the effects of polarized glasses. Scenario contains image with
seven dynamic range degrees ranging from the lightest to the
worst. Fig. 4 gives some example images in the database.
As can be clearly seen, the looming contour of the image
caused by different degrees of image dynamic range and image



(a) MOS: 4.857 (b) MOS: 4.624 (c) MOS: 4.538

(d) MOS: 4.285 (e) MOS: 3.716 (f) MOS: 2.928

(g) MOS: 3.982 (h) MOS: 3.624 (i) MOS: 3.117

(j) MOS: 2.931 (k) MOS: 3.514 (l) MOS: 4.235

Fig. 4: Twelve images with resolutions of 1920 × 1080 used in the
DVD database. First row, the shared views with the full dynamic
range in DVD system. Second row and third row, the shared views
with different dynamic range degrees. Fourth row, the personal views
with different dynamic range degrees in DVD system. Three columns
are of different image complexity except the fourth row.

complexity distributes irregularly or unequally in the images,
e.g. Fig. 4 (d),(e),(f),(g),(h) and (i). It should be pointed out
that all the images in DVD database are generated when DVD
system is running and the image resolution is 1920×1080.

B. Subjective Experiment

Next, we performed subjective experiment on our image
database to gather subjective quality evaluations. Single-
stimulus (SS) method was applied in our experiment. Twenty-
five inexperienced subjects were invited for the assessment
task. For easy operation, we designed an interactive system to
automatically display the test images and collect the subjective
quality scores using graphical user interface (GUI) in MAT-
LAB, similar to that used in [20]. Most of viewers were college
students with various kinds of majors to display the images and
collect subjective ratings. The subjective experiment includes
two stages: the training stage and the rating stage. In the
training stage, subjects previewed some example images in
DVD database. The training stage would prevent subjects from
rating arbitrarily. Moreover, training images will not appear
in the rating procedure. The experimental environment was
arranged according to the recommendations specified by ITU-
R BT.500-12 [21]. To be illustrated, the illuminance of the
testing room keeps low. The viewing distance is fixed at four
times the image height.

The subjects were asked to provide their overall perception
of quality on a continuous scale from 0 to 5. The presentation
order of the images was randomized for each subject. After

TABLE I: Exprimental results on the DVD database.

Methods PLCC SRCC KRCC
S3 [22] 0.1946 0.1648 0.1071

NFERM [14] 0.3007 0.3070 0.2121
NIQE [23] 0.5935 0.4841 0.3467

FISBLIM [24] 0.7260 0.6808 0.5096
SISBLIM [25] 0.4046 0.3392 0.2377

FISH [26] 0.3271 0.3180 0.2188
ARISM [27] 0.3325 0.2873 0.2088

subjective experiment, we collected the opinion scores from
all the subjects and excluded those unreliable scores in the
light of the guidelines in ITU-R BT.500-12 [21]. One of the
twenty-five subjects was removed and the remaining scores
were averaged to obtain the final mean opinion scores (MOSs).

III. EXPERIMENTAL RESULTS AND DISCUSSIONS

In this section, we will investigate the performance of ex-
isting mainstream NR-IQA objective methods to evaluate the
visual quality of the images in the DVD database. The DVD
database is used as testing bed for performance evaluation
and comparison. The images in the DVD database do not
include so-called reference images since they were taken by
real cameras, which makes it impossible to use FR- and RR-
IQA methods. Those testing IQA metrics are summarized as
follows. The first group includes six general-purpose methods,
S3 [22], NFERM [14], NIQE [23], FISBLIM [24] and SIS-
BLIM [25]. The second group are composed of four distortion-
specific methods, FISH [26] and ARISM [27].

When calculating performance, we firstly mapped the results
of the objective quality metric to subjective ratings through
nonlinear regression of a five-parameter logistic function as
suggested by VQEG [28]. Then, we employed five commonly
used metrics which are Pearson Linear Correlation Coefficient
(PLCC), Spearman Rank ordered Correlation Coefficient (SR-
CC), Kendall Rank Correlation Coefficient (KRCC), Average
absolute prediction error (AAE) and Root Mean-Squared Error
(RMSE) respectively. Among them, PLCC evaluates IQA
method’s prediction accuracy, SRCC evaluates the prediction
monotonicity, KRCC is another metric used to evaluate the
prediction monotonicity, AAE predict the average absolute
error and RMSE points out the prediction consistency. A good
quality measure is expected to achieve high values in PLCC
and SRCC, while low values in AAE and RMSE. We list the
performance results of objective quality metrics in Table I.

By observing Table I, a comparison of these state-of-the-art
general-purpose NR-IQA methods and popular blind measures
is conducted on DVD database. We can get that the general-
purpose IQA methods can assess the quality of the DVD
images due to their general QA ability for distorted images.
While most image sharpness assessment methods perform bet-
ter than the general-purpose IQA methods to the DVD images.
Surprisingly, it is found that the BRSIQUE cannot discriminate
the images’ differences while the FISBLIM performs the best



among all the computing IQA models. Also, the experiment
results have proved that the two factors play a remarkable
impact on the performance of the DVD system. As shown
in Fig. 4, the trade-off coefficient in second row is set to
0.2, with the image complexity vary from the first column
to the third column, we can find that the performance of the
DVD image turns worse. The image have appeared the aliasing
phenomenon. While the coefficient is set to 0.4 in the third
row, the shared views turn whiter than the second row. At the
same time, the images in fourth row do not appear any artificial
aliasing. They all turn darker as the trade-off coefficient of
dynamic range varies. Besides, we take the three columns
for the comparison together, we will find that the image of
higher dynamic range gets a better visual effects in the DVD
system when the trade-off coefficient is set to a relatively
low value, and the image with higher image complexity is
more suitable for placing in the shared views instead of the
personal views. However, image sharpness assessment is not
enough for quality assessment. In the future work, we will
focus on proposing a specific objective quality metric for the
DVD database based on the reasonable modification of the
good-performing FISBLIM.

IV. CONCLUSION

In this paper, we have investigated into the problem of
quality assessment of dual-view system on a single display,
which caused by two factors, image complexity and image
dynamic range. Firstly, we introduced a specific DVD database
to facilitate this research. The image database was construct-
ed through subjective experiment. Afterwards, we conducted
more than ten NR-IQA objective assessment methods to eval-
uate the performance of the DVD system. Experimental results
demonstrated that the state-of-the-art blind IQA methods and
image sharpness assessment methods for the DVD database
have some discrepancy with subjective evaluations.
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