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Abstract- Video wall compared to other large
displays, have many unique advantages.
However, videos display using video wall are
distorted by bezel effects. Evaluation of
distortion based on hardware models, limits
the study of variable bezel effects. In addition,
the use of mean opinion score (MOS), based on
subjective assessments, results in uncertainty
about the performance of algorithms.
Therefore in this paper, a 3 by 3 video wall
simulation model for offset and overlay
algorithms is developed using open computer
vision (Open CV) with python image library
(PIL), and CV2 library. While three video
quality measurement tools (VQMT); video
quality metric (VQM), structural similarity
index measure (SSIM) and peak signal to noise
ratio (PSNR) mapped to equivalent MOS, are
used to evaluate processed video. Results
reveal; overlay approach, outperformed the
offset approach with up to 12%, 30% and
22% using static video, and up to 10%, 24%
and 12% for VQM, SSIM and PSNR
respectively with dynamic video. Performance
of algorithms, indicate objective assessment
are consistent with subjective assessment as in
literature and should be upheld for video wall
development.

Keywords—Video wall; bezel; offset; overlay;
objective metrics.

l. INTRODUCTION
Video wall is simply a collection of
multiple display units configured to form a larger
screen. It is useful anywhere a large screen is
required to lower cost, suit available space or
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customize layouts and orientation. In addition it
offers greater pixel density per unit cost and
different information can be displayed on tile
concurrently [1, 2, 3, 4, and 5]. To achieve these
advantages, liquid crystal displays (LCDs) are
used however, LCD based video wall are limited
by screen bezel distractions, image stretching,
and visual discontinuity (4, 6, 7).

Screen bezels are the outer areas (borders)
between monitors which limits the display of
image and how close two LCD monitors can be
tile together to form a video wall (Fig 1).

3

«— Screen Bezel

% »
1T

- e )2
> ey

-

Fig 1: Bezel on LCD Based Video Wall
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This paper therefore present a study of
video wall image distortion, as a result of bezel
variation with bezel compensation algorithms.
The study uses simple and easy image semantics
for image resizing and cropping to simulate the
two common algorithms while objective metrics
are used to evaluate.

. LITERATURE SURVEY
Bezel effects are largely tackled by applying two
approaches. First, by physically removing plastic
covers and using displays with smaller interior
bezels (reducing bezel sizes); which is
aesthetically pleasing, but costly and limited by
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availability of small interior bezel displays.
Earlier, efforts such as [8] focused on bezel size
reduction by physically removing plastic covers
from displays. Back then (in 2009), when typical
24" desktop LCD monitors bezel size was 15 mm
(about 0.6"); bezel-to-bezel size of 30 mm about
(2.2"), [9] developed tiled-display using these
LCD displays resulting in users distraction.

In [10] further efforts to reduce the image
misalignments using smaller bezels showed
increased power consumption, higher cost, and
limited by availability of small size bezel
displays.

Recently in [11] a video wall system
developed, with bezel-to-bezel size of 0.2” (5.5
mm) as presented in [10] this improved aesthetics
of the display, users distraction but at a high cost.

The alternative approach is to use bezel
compensation techniques; thereby offering lower
cost, increased flexibility, to use available
displays (with varying bezel sizes), but with the
tradeoff of visually unpleasing image distortion
[12].

A. Bezel Compensation Techniques

Bezel compensation techniques to handle
image distortions despite the presence of bezels
includes;

(a) The offset approach (Fig 2(b)); which
simply ignores the bezels and their
effect on the continuousness of a
scene. With this approach images are
split to required forms and scaled to fit
the desired displays but, image appear
to be stretched; however, it has the
advantage that no information gets lost
at the monitor borders.

(b) The overlay approach (Fig 2(c)); tries
to compensate for the bezel problem
by eliminating the images that would
fall under the bezel areas. In contrast
to the offset approach, this result is an
overall continuous image hence, is
preferable to the abnormalities that are
caused by the offset approach. The
disadvantage of this approach is that
potentially important information may
be “hidden” by the bezels [6].

Appears split and stretched

Appears hidd Bezel area
&‘ =

(@) Original Image (b) Offset  (c) Overlay.
Fig 2: Bezel Compensation in LCD Walls

Later studies such as [6, 7, 13] used available
LCDs with varying bezels and bezel
compensation algorithms to explore aspects of
image distortion (user distraction), when bezels
are present.

Specifically, using a 3 by 3 video wall with
bezel compensation algorithms [6], demonstrated
that the overlay approach is better than the offset
approach based on mean opinion score (MOS)
with static image having 3.25 (54%) against 2.25
(38%), while dynamic video is 4.45 (74%)
against 2.25 (38%) for offset approach. In similar
manner [12], showed human perception of image
displayed on video wall with smaller bezels (1.2
cm or smaller (0.6cm bezel on each side)),
introduces less distortion than bigger ones.

In a related study, [13] showed that with
bezel size variation 67% of participants prefer
thin bezels (0.25 and 0.5 cm) while, 5% of
participants prefer large bezels (4 cm), and
further reported that 17% of participants prefer
overlay, whereas only 5% of participants prefer
offset approach. Unexpectedly, effect of bezel
size, or differences due to employing bezel
compensation are minimal as the overlay
approach performed poorly at a bezel of 1 cm
instead of 4 cm. Authors concluded that further
efforts on these techniques, be investigated as
there is no clear conclusion on the comparison of
the two algorithms with bezel variation.

B. Video Quality Assessment (VQA)

Video quality assessment (VQA) is a
measure of the goodness of a processed video
compared to the original or similar processed
video, which can be either subjective or objective
assessment; the former are assumed to be
consistent with actual video quality but dependent
on human nature. While latter, are designed based
on mathematical algorithms developed to mimic
the human judgment and to be consistent.
Objective metrics are verifiable and applicable
in; monitoring, optimizing algorithms and
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adjusting video quality, parameter settings and
benchmarking of video processing systems [14].

In [15] the performances of objective
metrics were compared to subjective metrics
using static and dynamic videos. The work used
video measurement tool to evaluate objective
metric values as well as subjective evaluation.
PSNR, SSIM, and VQM metrics evaluations were
compared with 5-point MOS obtained from
subjective assessments. Differences between the
two videos showed an average difference of 38.3
%, 60.1 %, and 28.1 % for the PSNR, SSIM, and
VQM metrics, respectively. Similarity between
objective metrics and the subjective grades
showed correlation of up to 0.9 (90%).

[16] Reported that objective metrics are
developed to emulate human perception of videos
and produce results that are very similar to those
obtained from subjective assessments methods.
Authors stated that, developed algorithms have
been tested and compared to subjective metrics
by Video Quality Experts Group (VQEG).

Similarly, [17] showed that VQA
mapping (VQAMap) can be applied to create
generic mapping rules to the 5-point MOS scale
for PSNR, SSIM and VQM as shown in Table 1.

Table 1: Video Quality MOS Mapping

‘g 11 v

MOS le\:el MOS level (0-100) PSNR SSIM VOM

5 Execellent (4)  80<A <100 A>36 A>093 A <6

4 Good (B) 60 <B<80 19<B<36 |085<B<093]10<B<h
3 Far (C) 40<C<60 0<C<29 [076<C<085 | 20<C<10
2 Poor (D) 0<D<4) 19<D<22 1 0.62<D<0.76 | 30<D <20

[ Bad (E) 0<E<20 E<19 E<(42 E>30

Where Correlation coefficient are: PSNR = 0.8;
VQM =0.95. Source: [17].

Research have used subjective methods to
investigate bezel effects, however, the use of
objective  assessment  remain  unexplored.
Unfortunately, these subjective evaluations are
inconclusive on the impact of bezel effects.
Therefore this paper seek to study bezel variation,
using simple and easy image semantics for image
resizing and cropping to simulate the two
common algorithms.

This paper evaluates performances in
comparison with similar bezel-less display using
full reference objective metrics; the PSNR for
frame drops or frame data corruption, SSIM for
structural information change and VQM for video

impairments such as blurring, jerkiness, global
noise, block distortion, and color distortion. This
paper focusses on determining effects of bezel
compensation algorithms for smaller bezel (0 mm
to 5 mm), with static and dynamic videos using
objective metrics to mapping MOS.

i, METHODOLOGY

A. Algorithm development models
To simulate the 3-by-3 video wall, with offset and
overlay bezel compensation algorithms were
developed using openCV. PIL. While, Python
tkinter library base on equations (1-5) obtained
from Fig 3 was used to implement graphical user
interface;

—
Qﬁ W
Xo| [X1 Xl X3 Xsl| 1Xs Xsl vy
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Display Display Display
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Y3
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Display Display Display
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Ys

Fig 3: 3 by 3 Video Wall Display Layout

n
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( > )(x)+nb,n is odd
For: w= % — (2b) (2)
h
h = N (2b) 3)

Where, Wsand hs stands for Width and height
of entire wall, x is either w or h for width and
height of individual display area, while, N is the
number of displays on rows or columns (0, 1, 2,
3, 4, 5...). Also, X,and Y, represents x and y
coordinates for rows and column of display from
top left, and n is the number of coordinates point
for displays on rows or columns while b is the
bezel size.

The wall definition and the individual canvas
definition, defined by coordinates and video crop
to fit each display based on the model in Fig 1 as
expressed in equations 4 and 5:
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Th=f[Xn, Yn, W,h] 4
Sw =1 [Xo, Yo, ws, hy] )

Where, T,, is the display definition, x,, yn
represent the x and y coordinate of the display
reference crop center while, w and h represents
the width and height of the predicted tile display
respectively. Sw, is the wall size definition, xo, yo
represent the initial x and y coordinate of the wall
reference crop center of zero, while ws and hs the
width and height of the predicted wall size
respectively.

a. Overlay model
For overlay method the image is uniformly
resized by traditional interpolation to fit the
wall size aspect ratio, then split (cropped and
remove bezel area) using traditional cropping
method into segments to fit each canvas (Fig

4 (2)).

b. Offset model
For simulation, using the offset method, the
image is split (cropped) to the required
number of segments (canvas) based on aspect
ratio using traditional cropping method and
then uniformly resized by traditional
interpolation to fit each canvas (Fig 4 (b)).

| Get video for display L_ | Get video for display |l—
¥ v

Convert video to images using

PIL

Resize video frame to fit
wall size
]
Convert video to images
using PIL

Image convariad
EGRIRGE?

Ne ¢
Image converted Crop image into 9 equal parts
BGRIRGEZ
Setup image canvas using Setup image canvas using
coordinates coordinates
Crop image to fit each canvas Resize each cropped image frame
to fit canvas
' }
‘ Turn on each canvas display ‘ ‘ Turn on each canvas display ‘
Display images on wall Display images on wall ‘
(a) Overlay (b) offset

Fig 4: Bezel Compensation Algorithms

B. Video quality evaluation model

Algorithms developed based on equations above
was implemented with, YouTube video of 25fps,
1080p resolution and .mp4 file format [18]
downloaded wusing source site [19]. For
comparison purpose, the video was scaled to a
resolution of 1215 x 679 (equivalent to size of a
typical 55 monitor), with bezels of 0 mm, to 5
mm implanted for simulation.

The 5 mm level was included to reflect current
bezels to bezel sizes studied in [10, 11], and
typically intended for wuse in video wall
installations. The width of each condition was
measured to accurately reflect intended-screen
dimensions. In addition, the original (without
bezel) and resulting videos (with bezels) were
compared and evaluated with the full reference
metric by Moscow State University (MSU)
VQMT [20] based on the model in Fig 5.

Measurement of Video

Quality
Original Video Processed Video
(Without Bezel) (With Bezel algorithms)
Original Video Processed Video
Resized and Recorded Recorded
Full Reference metric |
Technique +—
Y
PSNR VQM SSIM
MOSpa MOSugu MOSseny

Fig 5: Video Quality Evaluation Model

V. RESULTS
A. Algorithm simulation

The screenshots of processed scene of video
using the two approaches are as shown in Figs 6
and 7. For comparison, all videos were captured
using ice cream screen recorder for a set time of 8
minutes each and the same file format. For
interpretation of each parameter measured, the
referenced values (best quality) of the metrics are
PSNR =100, SSIM =1, while VQM = 0 [14].
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Fig 6: Offset Approach

Fig 7: Overlay Approach

B. Algorithm video quality evaluation

The MSU software was used to measure
PSNR, VQM, and SSIM values in a video
sequence. Average metric values (Avg) for both
dynamic (moving) and a stationary
(static) portion of video with varying bezel sizes
(0.5 mm to 5 mm) were recorded, mapped using
MOS and plot according to metrics as shown in
Figs 8, to 11. For the two algorithms, the static
video portions are here referred to as “Offset
(Static)” or “Overlay (Static)” while, the dynamic
potions are referred to as Offset (Moving) or
Overlay (Moving) see Figs 8 to 11
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(b) Mean Opinion Scores of PSNR
Fig 8: Bezel Effects with PSNR
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(b) Mean Opinion Scores of SSIM
Fig 9: Bezel Effects with SSIM
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Fig 10: Bezel Effects with VQM
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V. DISCUSSION OF RESULTS

Figs 6 and 7 show how videos are split
into nine segments using algorithms, Fig 6 shows
the offset approach, this shows that when a video
Is spitted into nine (9) different non-overlapping
segment and displayed on the tiled display, the
image will be stretched and or misaligned, while
the offset approach in Fig 7 shows that images are
aligned and not stretched but information are
hidden.

Fig 8(a) shows increase in bezel size
results in video quality decreases mainly because
more pixels are lost as bezel increases. Similarly,
fig 8 (b) show that using equivalent MOS for
PSNR (MOSpsnr) dynamic video has MOSpsnr
of 4 (rank as good) for bezel between 0.5 mm to
1.5 mm. However, at 5mm bezel both the static
and dynamic videos become poor (MOSpsnr Of 2)
for the overlay approach. While at the smallest
bezel of 0.5 mm all form of videos are good
(MOSpsnr OF 4) except the static video using the
offset approach which gives a fair performance
(MOS of 3).

Fig 9(a) shows generally as the bezel size
increases the video quality decreases because
more structural deformation occurs, similarly, Fig
9 (b) shows equivalent MOS for SSIM
(MOSssim) with bezel range (0 to 5mm). The
static video has MOSsgim Of 5 (rank as excellent)
for bezel between 0.5 to 1 mm and MOSsg;v of 4
(ranked as good) for bezel of 1.5 to 5 mm.
However, at 5 mm bezel the static video using
overlay approach remain good (MOSggm of 4)
while all other videos become poor (MOSsgim of
2). At the midpoint of 1.5 and 3 mm all videos
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based on overlay approach become and remain
good (MOSsg v of 4).

Fig 10(a) shows that as the bezel size
increases the video quality decreases because
video impairments such as blurring, jerkiness,
global noise, block distortion, and color distortion
increases, similarly, Fig 10(b) shows equivalent
MOS for VQM (MOSyqm) with bezel range (0 to
5mm). The overlay approach has MOSygom of 5
(rank as excellent) for bezel between 0.5 to 1.5
mm and MOSywm of 4 (ranked as good) for bezel
of 1.5 to 5 mm. However, with 5 mm bezel, both
the static and dynamic video remained good
(MOSygm of 4) for the overlay approach while
both videos for the offset approach becomes fair
(MOSygm of 3). At the midpoint of 2 and 2.5 mm
all videos become and remain good (MOSygm of
4).

Fig 11 shows the evaluation of algorithms
based on equivalent average MOS within the
bezel range (0 to 5mm). Results show static and
dynamic videos processed using overlay approach
outperformed the same video using the offset
approach. The overlay approach for static video
has average MOS of 4.3 (86%), 4.2 (84%), and
2.8 (56%) for VQM, SSIM and PSNR
respectively. While the offset approach for static
video has average MOS of 3.7 (74%), 2.7 (54%),
and 1.7 (34%) for VQM, SSIM and PSNR
respectively. Similarly, the overlay approach for
dynamic video has average MOS of 4.2 (84%),
3.5 (70%), and 3.2 (64%), while the offset
approach for dynamic video has MOS of 3.7
(74%), 2.3 (46%), and 2.6 (52%) for VQM, SSIM
and PSNR respectively. Considering the static
video, results reveal the overlay approach,
outperformed the offset approach with up to 12%,
30% and 22% for VQM, SSIM and PSNR
respectively. While considering the dynamic
video, results reveal that overlay, outperformed
the offset approach with up to 10%, 24% and
12% for VQM, SSIM and PSNR respectively.

VI.  CONCLUSIONS

This paper has implemented bezel
compensation algorithms and evaluated with
three objective metrics. VQM shows differences
of up to 10% video impairments such as blurring,
jerkiness, global noise, block distortion, and color
distortion. SSIM show a differences of up to 30%

in structural information change. While the PSNR
reflects frame drops or frame data corruption of
up to 22%.

The overlay algorithm developed in the
work, outperformed the offset algorithm with up
to 12%, 30% and 22% with static video, while
with dynamic video the differences is up to 10%,
24% and 12% for VQM, SSIM and PSNR
respectively. This paper has also shown a new
approach using objective video quality metrics to
evaluate the performance of bezel compensation
algorithms. Based on result, this approach is
recommended for video wall development as an
alternative to the use of subjective assessment.
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