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ABSTRACT. Multi-view (3D) applications offer viewers a novel and immersive watching
experience, with multi-view video coding (MVC) being crucial for delivering such con-
tent over networks with restricted bandwidths. MVC aims to enhance the compression
ratio of video coding while minimizing losses and preserving video transmission quality.
Designing reliable video coding is challenging due to network congestion-induced losses
during video transmission. This research proposes a high-efficiency MVC process with
scalable signal-to-noise ratio (SNR), comprising base and enhancement layers. By em-
ploying inter-coding in the MVC procedure and incorporating Lagrange optimization, we
carefully consider motion between frames. We hypothesize that this process will decrease
the transmission rate while maintaining the quality of the video frame and achieving
high efficiency in MVC with SNR scalability. Ezperiments using multi-view video test
sequences from Mitsubishi Electric Research Labs, captured with eight cameras at 640 X
480 Bayer encoded raw video, show strong MVC performance with SNR scalability and
rate-distortion optimization, achieving an average increase in BD (Bjontegaard delta)-
PSNR of 0.263 dB at X\ = 0.425Q% and bit savings of —0.879% at X\ = 1.7Q? for all
coding modes and video tests.
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1. Introduction. During the last decade, many technologies regarding multi-view video
(MV), for example, video broadcasting, stereo video systems, holography and MV video
coding, have been extensively researched and widely recognized. MV and stereo video cod-
ing have evolved, being employed in various applications, including 3D-based surveying,
remote vehicle navigation, e-learning systems, identification, automation, measurements,
and 3D machine vision [1,2].

In the transmission process, 3D video coding requires high bandwidth and speed. The
coding mode for each video data packet must be optimized to transmit 3D video swiftly
and without errors. Varying prediction modes can result in different levels of coding ro-
bustness and efficiency. Consequently, effective and efficient 3D video coding is necessary
3].

During the transmission process, two categories of video coding are accessible for com-
pression strategies: scalable and non-scalable video coding [4,5]. A single bit of a com-
pression sequence is produced by non-scalable video encoders. The output of the scalable
video encoder can be divided into two types, that are base layer and enhancement layer.
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There are various parameters incorporated in the scalability modeling of the video trans-
mission, such as signal-to-noise ratio (SNR) and quality-based scalability. If video coding
exhibits transmission scalability, its output aligns with its scalability in signal-to-noise
ratio (SNR), encompassing both fundamental and high-quality layers. Consequently, a
superior performance of a scalable video coding is exhibited compared to the non-scalable
methods.

However, in order to enhance the quality of video transmission, congestion and error
control are also required [6,7]. Rate-distortion optimization (RDO), a component of con-
gestion control, is essential for the analysis and design of video coding and serves as the
foundation for numerous applications. Many video coding schemes that have been devel-
oped through a distortion-level optimization process that is both efficient and dependable
are effective.

To address the issues discussed above regarding how to transmit multi-view videos with
a high level of efficiency and scalability in the transmission process. In this article, it is
proposed the impact of RDO to MV high-efficiency video coding (HEVC) [8-10,15,16] with
SNR scalability predicated on quality. We anticipate that SNR-scalable MV video coding
will address the limitations of non-scalable video coding, which provides only a singular
form of video output with a base layer. This research employs the RDO approach in MV
HEVC to achieve the optimum bit rate objective [6]. By using the RDO approach, opti-
mization is conducted by selecting some coding parameters based on the optimum value
of Lagrange function, rate-distortion (RD) and utilizing the connection between research
and development via an approximation logarithmic function using fixed parameters [11].
The parameters are based on SNR-scalable video frame sequence encoding findings.

To achieve the objectives of this study, we have evaluated several multi-view video
samples encoded with HEVC video coding designed with multi-scalability (base and en-
hancement), with inter coding mode and Lagrange multiplier with training factor values
that will produce a variety of transmission rate values that can be optimally selected
according to network needs. The base and enhancement layers were evaluated using the
RDO model, which serves as the method for this study. This represents a new method by
applying the RDO model approach to multi-view video encoding with SNR scalability.
Even with the very rapid development of video coding technology, the RDO optimization
model with Lagrange parameters is still necessary as a rate control tool in video transmis-
sion. To enhance this approach to rate control in MV video encoders with scalability, the
optimization of the Lagrange multiplier X is evaluated in SNR-scalability experiments, in-
volving several performance parameters, namely PSNR, rate, and BD (Bjontegaard delta)
rate. The evolution of rate-distortion and MV optimization techniques with scalability
scheme in video coding covered in this article is summed up in Table 1.

The subsequent sections of this article are as follows. Relevant work is presented in
Section 2. Determination methodology to design an adaptive Lagrange multiplier on
SNR scalability in MV video coding is explained in Section 3. Meanwhile, the numerical
analysis of the proposed design is elaborated in Section 4. Finally, a summary is given in
the last section.

2. Related Work. This section explains in detail and practically about the RDO method
and scalability strategy in MV HEVC discussed in this study. However, we first review
the research conducted on HEVC MV with non-scalability. Researchers in [1] conducted
a study using the base layer output on HEVC multi-view without RDO with a Lagrange
multiplier, focusing on enhancing transmission resilience by proposing an intra-refresh
transcoding scheme. Similarly, the authors in [12] conducted a study on multi-layer fea-
tures fusion (MLFF) in HEVC multi-view to optimize the coding tree unit (CTU) and
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TABLE 1. Summary of RDO methods in MV video coding and related scalability

1299

Categories Methods Domains Main ideas
Focused Enhancing transmission resilience by
Belbel et al. [1] on HEVC proposing an intra-refresh transcod-
ing scheme and non-scalability.
. Focused Intra framfas in the ‘HEVC coding st-
MV video Xiang et al. [6] on HEVC and@rd with con&step“c perceptual
coding quality and nor}—scalablllty. .
Liu and Jia [12 Focused | Study on multi-layer features fusion
on HEVC | (MLFF) and non-scalability.
. Focuses on utilizing the human vi-
Tanjung Focused sual system characteristics and non-
et al. [14] on HEVC s
scalability.
Focused | Spatial-temporal merging paralleliza-
Mercat et al. [2] on HEVC | tion scheme without RDO.
Belbel and Focused | Focuses on the network abstraction
Rate-distortion | Bekhouch [13] | on HEVC | layer (NAL) without RDO.
Lagrange Evaluation of MV HEVC perfor-
multiplier Focused | Mance by observing the impact
Proposed on HEVC of Lagrange multipliers involv-
ing the base and enhancement
layers.

prediction unit (PU) functions, only having the base layer output without RDO with the
Lagrange multiplier. The study in [13] focuses on the network abstraction layer (NAL),
specifically the non-video coding layer (Non-VCL) and video coding layer (VCL) in HEVC
multi-view to assess the quality of multi-view video without RDO using the Lagrange mul-
tiplier. In [6], a new CTU-level rate control approach is proposed by the authors for intra
frames in the HEVC coding standard. This approach has a consistent perceptual quality
using rate-distortion (RD) optimization and only utilizing the base layer output. At the
same time, a comparison among three distinct parallelization schemes for HEVC encoding
is studied in [2]. These schemes include a spatial parallelization scheme, a temporal par-
allelization scheme, and a spatial-temporal merging parallelization scheme without using
RDO. The research in [14] focuses on utilizing the characteristics of the human visual
system to propose a fast algorithm based on visual perception for accelerating intra cod-
ing of 3D-HEVC depth without using rate-distortion (RD) optimization. We used the
above literature as a basis to develop further research. We conclude that as long as video
encoding is still not scalable, only one video output is available (base layer) [1,6,12-14], or
video encoding has spatial-temporal scalability [2]. However, these video coding methods
are not sufficient to provide video-on-demand services and efficiency in transmission.

In this research, we developed a scalable video coding called SNR scalability, which
is derived from both non-scalable video coding and spatial-temporal scalability. In SNR
scalability, there is a base layer video output plus an enhancement layer applied to MV
video coding. Rate-distortion optimization uses the Lagrange multiplier method to achieve
transmission efficiency. We use inter-frame prediction in MV video encoding, along with
rate control algorithms and the rate-distortion (RD) model, as fundamental tools to ex-
plain the correlation between quality and rate in MV video coding. With the display-level
RD model parameters, we aim to enhance the effectiveness of the RD paradigm, which
can provide evaluations of the scalability and non-scalability of MV video encoding.
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3. Proposed Method. In order for the research direction to be more focused, it is
necessary to carry out several methods proposed as a result of system development in
previous research, including multi-view HEVC, which will describe the setup process
of the camera, group of pictures (GOP) structure, SNR scalability inter-coding mode,
operational rate-distortion for selection of Lagrange multiplier and modification of the
Lagrange multiplier.

3.1. Multi-view HEVC. Previous research results show that the same or better quality
can be achieved by the HEVC/H.265 standard compared to H.264/AVC which produces
a lower average bit rate [15,16,20,45,47]. The HEVC standard takes innovative infrastruc-
ture that contributes to achieving these gains, namely precise intra/inter prediction and
quadtree-based block partitioning [13,17,18,39]. HEVC works better when it uses com-
parison of the different patterns and difference coding areas that are 16 x 16 to 64 x 64
pixels blocks. This block division is derived from the partitioning of the frame into coding
tree units (CTU), which replaces the macroblocks utilized in H.264. In the coding block
tree, each CTU contains two chroma and one luma CTB. The compression efficiency is
enhanced by a larger pixel block size, which can be 16 x 16, 32 x 32, or 64 x 64. The
CTB is subsequently divided into one or more coding units (CU), as illustrated in Figure
1. The CU are subdivided into prediction units (PU), which are a fundamental entity
for intra- and inter-prediction. The diameters of PU range from 64 x 64 to 4 x 4 pixels.
In the HEVC encoder design, variable partitioning scenarios have been established to
address specific concerns regarding complexity. For example, in order to manage critical
case memory bandwidth during the decoding process, PU encoded with temporal inter
prediction are restricted to a minimal size of 8 x 8 [19].
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FiGURE 1. Block partitioning in HEVC

To implement multi-view video coding by inserting adjacent multi-view images (S0, S1,
S2, 53, 54, S5, S6, S7) sequentially in each GOP [20], the image retrieval system uses eight
cameras that capture video with the equipment shown in Figure 2, with the condition A
being the distance between cameras focus and the object centre and d being the distance
between each camera. The prediction of temporal compensation or adaptive disparity is
supported by the prediction structure, as illustrated in Figure 3, for the case of a GOP
size of 64. The key frame SO is predicted temporally, while the key frames from other
views rely on the same frames from the previous view for prediction. The initial frame of
each GOP (key frame) in S1, S2, S3, S4, S5, S6, and S7 employs exclusively inter-view
prediction to facilitate view extraction at the desired temporal resolution.

3.2. SNR-scalability design of the MV video inter coding mode. A novel archi-
tecture in the MV video coding using inter coding mode with SNR scalability is presented,
as shown in Figure 4. This figure illustrates both block diagrams for encoder and decoder
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FicURE 4. Block diagram of the multi-view HEVC

sides [4,5]. SNR scalability as an output model, for each function having base and en-
hancement layers [41-44]. In this image, the tree and quadtree block coding sections are
characteristic of HEVC. In the encoding process carried out in the HEVC block diagram,
all video files will go through a compression process including Discrete Cosine Transform
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(DCT) used to reduce redundancy and Inverse discrete cosine transform (IDCT) to re-
construct the DCT process, variable length codes (VLC) process to calculate the length
of the video frame code word and variable length decode (VLD) to reconstruct the VLC
process, quantization (Q) process to form the digitalization process on the video frame
and inverse quantization (Q~') to reconstruct the quantization process. This research
uses MV video data in the HEVC process. To minimize the computational complexity
of HEVC in determining the optimal depth for every quadtree, we employ the adaptive
rapid quadtree level decision-making algorithm, where the CTU can adapt to the encoded
video sequence [22,29,34,46|, as shown in Algorithm 1.

Algorithm 1. Adaptive rapid quadtree level decision-making
if level == 3 then
Determine the total number of predicted PUs of size 2N x 2N by checking whether
the level is 0 or 1.
return the calculated CU/PU to obtain the best RD, if 0, the quadtree returns to
the top level if the RD value is good; if 1, it continues to the next level if
the RD value is bad.
else
Classify this CU as Cy or C,, using appropriate P, modeling decisions at each level
[=0,1,2
if C then
if level == 2 then
Determine each PU value of size 2N x 2N.
else
Determine the skip and PU values 2N x 2N.
end if
Divide the CU into four parts in a quadtree of size 64 x 64 pixels with dimen-
sions 32 x 32 pixels.
Implement this algorithm to each part of the CU.
else
Determine the total number of PUs of size 2N x 2N by checking whether the
level is 0 or 1.
return Look for the CU/PU value to obtain the best RD value, if 0, the quadtree
returns to the top level if the RD value is good; if 1, it continues to the
next level if the RD value is bad.
end if
end if

Algorithm 1 has a design for every level in the quadtree that decides whether to divide
the CU into Cy variables by descending one level in the quadtree or to divide the CU in
the form of variables C),. The choices of this level as the maximum depth allowed, i.e.,
C, and C),, are two class variable predictions generated by the classification or decision
function. If Cj is selected, then the predicted unit (PU) of size 2N x 2N checks whether
the levels are 0 or 1. If the value is 0, the quadtree returns to the top level if the RD
value is good and continues to the next level if the RD value is bad. The variable value
C,, is the last decision variable at level 2, which is considered final, and all PUs in this
CTU method have ended after evaluating this CU depth. P, modeling takes decisions at
each level [ = 0,1, 2, and the data methodology at [ = 1,2 of the quadtree requires a CU
size of 64 x 64 pixels with dimensions of 32 x 32 pixels. At level 2, the CU size is 16 x 16
pixels, considering adjacent blocks.
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We utilize motion estimation and compensation for the inter-prediction video coding
technique [40]. The HEVC encoder’s inter-predictive mode employs previously recon-
structed video frames as a reference. The notations ¥ (x,y,t;) and ¥(x,y,ts) state the
estimation of motion between two frame images.

The position of the point from ¢; and ty is equivalent to the alteration in the vector
direction at x between times t; and t,. The anchor frame is the video frame at time ¢q,
while the target frame is the video frame at time ¢5. Forward motion is considered when
ty is less than ¢y in the video code. While the backward motion happens if ¢; is greater
than ¢, [10]. The anchor frame is denoted as 1 (z), the target frame is denoted as (),
a motion vector on the anchor frame’s pixels serves as the motion parameter = d(x), and
the field of motion is denoted as d(z;a), where x € A.

The objective of a video coding motion estimation method is to reduce two parameters
such as the sum of squared differences (SSD) and the sum of absolute differences (SAD),
as illustrated in Equations (1) and (2) [10,17,18]. These two parameters can be calculated
by considering current frame I’(z’,y’) and the prior frame I(z), as follows:

SSD =% (I(z,y) — I'(z'.y))* (1)

z,yER

sAD= 3" (I(w,y) - I'e,y)) (2)
T, yeER

The mean square error (MSE), mean absolute error (MAE), and cross-correlation serve
as the relevant factor parameters. To achieve reliable outcomes in the two block adjust-
ments, the correlation level is calculated by applying the cross-correlation function (CCF)
technique. In the implementation stage, the MAE and MSE parameter are employed be-
cause CCF generally does not produce optimal outcomes to track the motion, particularly
when the constant w is not elevated. Equations (3), (4), and (5) indicate that the func-
tion quantifies MSE and MAE, while the equation assesses PSNR, N represents the pixel

count of the frame and 255 denotes its eight-bit resolution [4,5,30].

N N
1 i A\ 2 .
1 N N
MAE(, j) = mzﬂ;u gm+in+3)|, —w<i,j<w (4)
2552

o S (f(myn) — g(m + i, + )2

In this scenario, f(m,n) represents the current block, comprising an area of N? pixels
located at coordinates (m,n). Meanwhile, g(m + i,n + j) refers to a variable block from
the previous video frame, positioned at the shifted coordinates (m + i,n + j). The goal
of the optimal matching process is to determine the values ¢ = a and j = b, such that the
resulting motion vector MV (a, b) accurately describes each pixel displacement inside the
block.

3.3. RDO for A\ selection. The optimal Lagrange multiplier can be determined by
drawing an analysis from the tests conducted with the default Lagrange. We present
a method for calculating the multiplier of Lagrange. Using the distortion index of the
encoded frame, predict the best Lagrange multiplier shown in Figure 5, along with inter-
coding mode and training factor values, to create different transmission rates that can
be chosen based on network requirements. Based on the assumption that the analysis
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FiGURE 5. Block diagram of Lagrange parameter optimization algorithm

process is conducted in a group of frames in accordance with the frame sequences on the
RD characteristics for SNR scalability output. The proposed scheme has been divided
into two components: variation of the Lagrange multiplier and recording of the distortion
rate.

3.3.1. Recording the distortion value. The current Lagrange multiplier must be efficiently
adjusted by recording the distortion values of at least one GOP. The distortion parameters
of the nth and (n — 1)th frames are adaptively calculated using MSE of the most recent
encoded frame as in Equation (6):

D =0.2D+0.8MSE, if D >0 ©)
D = MSE, if D=0

The distortion values are denoted by D (D,, or D,,_; frame). They are derived from the
most recent and prior values, and it will be recorded to determine the minimal distortion
value equal to zero, depending on the video frame encoded.

3.3.2. Procedure of RDO with A\ies; selection. This section presents calculation of the La-
grange multiplier using the same procedure as in the references. Sullivan and Wiegand
[23] empirically determined the parameters of the HEVC encoder, a basic model, using
the H.263 reference encoder. This model’s optimization is still important for choosing the
best course of action when coding videos, particularly when it comes to RD properties.
The high-order approximation RD parameter for entropy-limited quantitation is used by
majority of hybrid video encoders nowadays [6]. Equations (7) and (8) demonstrate con-
struction of the Lagrange function of D and R, where the choice of weight A determines
how the quantitation step size varies. The following equations determine the quantization
step size [24-26]:
The cost function for Lagrange is

J=D+ AR (7)
where the following equation must be satisfied by rate R and distortion D:
dJ =dD + AR =0 (8)

Additionally, the distortion’s negative derivative, A, is expressed at the following rate:
A=—dD/dR (9)
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Assuming a memoryless Gaussian signal model then the distortion of rate function is

D(R) — 022721% —_ 02672Rln2 (10)
From Equations (9) and (10), Lagrange multiplier obtained
A=2DIn?2 (11)
A highly estimated rate for D distortion quantization,
QQ
D= 12
B (12)
With @ step size quantization,
6
2 _N— 13
Q"= A5 (13)
n2 9
Then, A can be decided as in Equation (14) to become [23]
A = 0.85Q° (15)
So,
J =D +0.85QR (16)

To obtain A = 0.85Q?2, Sullivan and Wiegand performed three Lagrange multiplier
preference experiments for video frame sequences using the reference encoder of H.263
[23]. Their experiment demonstrated that the parameter 0.85Q? remained invariant across
frames, irrespective of video content. In this instance, A\ = 0.85Q)? achieves the optimal
value within the A range as specified in Equation (19). Using this model, we formulated
a method to ascertain the Lagrange multiplier employed in the cited HEVC encoder,
which incorporates numerous scalabilities in the output, including SNR scalability on the
base and enhancement layers. Lagrange multiplier for multi-scalability can be obtained
as follows:

)\SNR(inter) = 085@2 (17)
JSNR(mter) = DSNR(i?Lter) + 0'85Q2RSNR(inter) (18)

where @) represents the quantitation parameter (QP) in the specified HEVC encoder, for
the @) value set at 0.85. The GOP structure allows for the establishment of QP factors in
a variety of methods on frames with varying SNR scalability [27].

3.3.3. Adjusting the Lagrange multiplier ()\). As a component of rate-distortion (RD)
optimization, Lagrange parameter optimization involves coding bit rate control [11,25,31-
33,35-37]. The next step is to find optimum Lagrange multiplier using the standard La-
grange value (\) in video frame coding using the suggested algorithm. The Lagrange
multiplier applied to HEVC coding was chosen for the experiment. The performance of
various tests using Lagrange multiplier values for the nth frame and (n — 1)th frames is
evaluated and compared to the rate-distortion (RD) performance obtained with the origi-
nal value, A,rigina, applied to both reference frames. This comparison, based on Equations
(17) and (18), considers scenarios involving non-motion vector (non-MV) video coding,
motion vector (MV) coding, and SNR scalability. Equation (19) displays the value of the
Aest test that was used.
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.
>\test =k- )\original
>\test
k=
)\original

02<k<5h

(19)

\ original
where the parameter £ varies between 0.2 and 5, and this parameter is constant during
the video coding process.

There are two modes in the video encoding process, that are intra mode and inter mode.
Intra mode encodes video frames without referencing to previous frames. It means that
each video frame is encoded independently. Meanwhile, inter mode encodes video frames
as motion vector macro blocks. In this mode, the macro blocks of the previous frame are
used as references. When the Lagrange parameters are being optimized, an inter mode
is used because it focuses on the optimal Lagrange parameters with references to non-
MV, MV, and proposed techniques. The video coding scheme in Equations (17) and (18)
uses inter mode [12,24]. The algorithm that will be carried out to obtain the maximum
Lagrange parameter using the A.s Lagrange value in Equation (19) can be explained in
Figure 5.

Optimization of the Lagrange values for performance evaluation of multi-scalability
video coding for both the base layer and enhancement layer can be conducted with the
following procedures:

e First, for each video frame sequence, the nth video frame encoded with inter coding
using the original Lagrange value A, iginai-

e The nth video frame sequence, the reference video frame is utilized by training the
reference Lagrange value (\) alongside the first referenced Lagrange value (\).

e The Lagrange function J = D+ AR in Equation (7) will be determined by comparing
the video frame sequence of the nth and (n — 1)th frames.

e The minimal Lagrange function value in Equation (7) will be determined by com-
paring the Lagrange function value obtained of all video frames.

Optimal Lagrange multiplier for the transmission of the bit stream is the Lagrange
selection that was obtained.

3.4. Calculation of the Bjontegaard delta rate. In order to enhance the performance
of the H.26L"' simulation, it is recommended to generate an RD-plot that illustrates
the disparity in bit rate and PSNR on the two experiment conditions. This will aid in
determining the average degree of deviation between the two configurations [38]. The
analysis’s fundamental components are as follows:

e The BD rate curve is adjusted using four quantization step data points (the quan-
tization parameter’s value is the PSNR or bit rate, which is equal to 8, 16, 32, and
64).

e The PSNR and bit rate values are used to determine the integral expression of the
curve.

e The average disparity is the discrepancy between the integration results and the
integrated periods.

Third-order polynomials in the specified form can be employed for linear interpolations
along a bit-rate scale:

SNR = a1 + ag*bit + az*bit2 + asxbit3 (20)

where ay, as, az, and ay are BD rate curves that pass through the four data points.
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As a consequence, the subsequent values may be calculated:

e BD-PSNR represents the average difference in PSNR, (measured in dB) over the
entire range of bit-rate.
e BD-rate quantifies the average difference in bandwidth across the full range of PSNR.

4. Results and Discussion. Experiments were carried out to validate the system sim-
ulation and define the overall system performance value. The results of the experiment
are evaluated by comparing them with other techniques to establish the superiority of the
proposed techniques.

4.1. Experimental results and configuration. The data collection method in this
research involves observation and data analysis from relevant MV video sources used by
previous researchers. The use of relevant data allows for the evaluation and comparison of
prior methods to that used in this research, which is detailed in the following subsection.
The data retrieval system, which is video data taken from the Mitsubishi Electric Research
Labs (MERL) database [21], uses eight Basler A601fc cameras. Previous researchers have
used extensively this multi-view video data, making it easier to serve as a reference for
comparison with the research results. Since the focus is on Lagrange optimization, the
use of MERL video data remains relevant [20,47,48].

The camera captured video objects, producing digital video with a size of 640 x 480
pixels, and synchronized them with hardware using a charge-coupled device sensor mea-
suring 7.2 X 1073 by 5.4 X 1073 m?. The camera had a baseline of 20 cm (d) between the
optical centers. All sequences exhibited a parallel optical axis to the ground plane, and
the camera was approximately 1.5 m above the ground plane. An image of the equipment
for the video data capture process is shown in Figure 2.

All video sequences were captured at 25 fps with the camera focused at a distance of
approximately 6 m (h). We conducted simulations on the encoder and decoder using the
HM software reference library [28] for evaluation with MATLAB and Excel software. The
Y component (luminance) was tested at 30 fps at 100 frames for SNR scalability on a PC
running Windows 10 with an Intel (R) Core (TM) i7-67000T Core @ 2.81 GHz processor.
Test videos for the simulations used in the experiment are shown in Figure 6, and MV
views from cameras 1 to 8 (S0, S1, S2, S3, S4, S5, S6, S7) for all test videos are presented
in Table 2.

*‘.

Ballroom, 352%288 Vassar, 352288 Exit, 720x432
(CIF-SD), 300 frames (CIF-SD). 150 frames (4CIF-SD), 360 frames

FI1GURE 6. Test videos for simulation systems

4.2. Performance evaluation of the RD with A,iginai. The Lagrange parameter
A = 0.85Q? was applied to MV video coding with SNR. scalability at all basic layers and
enhancement with inter-coding modes using test input samples, as shown in Figure 6 and
Table 2. After carrying out the experimental process, we evaluated the results, as shown
in Table 3, for all views from cameras 1 to 8 with both base and enhancement layers.
The performance of the RD function with A = 0.85Q? is illustrated in Table 3. The
base layer’s peak average PSNR in the Vassar video sequence is 32.72 dB, whereas the
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TABLE 2. MV video display on the first frame from cameras 1 to 8

View Ballroom Vassar Exit

S0

S1

52

S3

S4

SH

enhancement layer’s peak average PSNR is 65.46 dB. The minimum average PSNR value
of base layer in the Ballroom video sequence is 29.49 dB, whereas the minimum average
PSNR of the augmentation layer is 59 dB.

For the base layer in the Vassar video, a minimum average bit rate can be achieved
as of 548.09 kbps, whereas the minimum average bit rate for the enhancement layer is
1091.87 kbps. The maximum average bit rate for the base layer in the Ballroom sequence
is 2099.5 kbps, while the maximum average bit rate for the enhancement layer is 4198.73
kbps. The highest average BD-PSNR value in the Exit sequence is 0.236 dB, and the
lowest in the Ballroom sequence is 0.228 dB. The highest average BD-rate value in the
Exit sequence was —0.988%, and the lowest in the Vassar sequence was —1%.

S6

S7
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TABLE 3. Simulation results of rate-distortion measurements with A,piginai,

A = 0.85Q?
Video | Camera | Average PSNR (dB) | Average bit rate (kbps) | BD-PSNR | BD-rate
test view | Base | Enhancement | Base | Enhancement (dB) (%)
S0 29.5 58.99 1958.99 3917.85 0.227 —0.998
S1 29.52 59.06 2013.09 4024.85 0.23 —0.999
S2 29.67 59.35 2023.71 4046.52 0.23 —0.999
Ballroom S3 29.42 58.84 2109.13 4218.3 0.227 —0.999
S4 29.39 58.81 2187.4 4374.92 0.226 —0.998
SH 29.77 59.54 2123.71 4245.97 0.227 —0.998
S6 29.37 58.75 2139.5 4279.95 0.23 —0.999
ST 29.31 58.63 2240.45 4481.47 0.224 —0.994
Average 29.49 59 2099.5 4198.73 0.228 —0.998
S0 32.52 65.06 546.36 1058.83 0.237 -1
S1 32.53 65.09 543.76 1087.4 0.236 -1
S2 32.85 65.74 537.47 1074.94 0.225 -1
Vassar S3 32.82 65.64 535.21 1070.16 0.226 -1
S4 32.79 65.59 549.66 1098.85 0.238 -1
SH 33.42 66.87 529.89 1060.14 0.238 -1
S6 32.18 64.39 564.95 1130.12 0.233 -1
ST 32.64 65.31 577.44 1154.5 0.235 -1
Average 32.72 65.46 548.09 1091.87 0.234 -1
S0 31.25 62.5 784.48 1569.3 0.238 -1
S1 31.01 62.02 852.82 1705.45 0.239 —1
S2 30.84 61.67 967.39 1934.87 0.239 -1
Exit S3 30.64 61.29 1120.08 2240.55 0.238 —0.996
S4 30.05 60.11 1410.07 2820.97 0.237 —0.954
SH 29.79 59.6 1615.59 3231.77 0.234 —0.967
S6 29.39 58.79 1910.67 3823.17 0.233 —0.991
ST 29.39 58.77 2013.84 4026.25 0.232 —0.995
Average 30.3 60.59 1334.37 2669.041 0.236 —0.988

The original Lagrange measurement (A = 0.85Q?) is the initial reference for finding
the BD-PSNR and BD-rate values of multi-view video transmission. With the values
obtained from Table 3 being the simulation results of the standard Lagrange multiplier, to
find the effectiveness of the system, optimization will be carried out with several Lagrange
multipliers by taking values below and above A = 0.85(Q?, which is optimizing the standard
Lagrange multiplier. The overall evaluation results show how effective the system is, as
seen in Table 4, which demonstrates that the suggested technique for optimizing the
Lagrange parameter can enhance performance of system and efficiency in multi-view video
coding.

4.3. Performance evaluation of the RD with A;.,;. The effectiveness of the proposed
A as a control domain rate approach for HEVC has been validated by the experiments in
multi-view video coding. The simulation involved processing the video coding test using
HEVC with the previously specified multi-view.

Simulation results are shown as performance curves depicting various Lagrange multi-
pliers such as A = 0.425Q%, A\ = 0.85Q?, and A\ = 1.7Q?. To identify the optimal Lagrange
multiplier, a Bjontegaard metric is employed to obtain the most effective value on the
R-D curve.
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TABLE 4. RD performance with the suggested optimization A and the
default (Aoriginai)

Default (Aoriginat) Proposed (Aest)
. X = 0.850°2 X = 0.4250? N = 1.70°
Video test |5 5eNg BQD—rate BD-PSNR BQD—rate BD-PSNR gD—rate
(dB) (%) (dB) (%) (dB) (%)
Ballroom 0.228 —0.998 0.25 —0.997 0.191 —0.822
Vassar 0.234 —1 0.271 —1 0.197 —0.998
Exit 0236 | —0988 | 0269 | —0.999 | 0213 | —0.819
Average | 0.233 | —0995 | 0.263 | —0.999 | 0.2 ~0.88

Lagrange values () are expressed in two components, namely Aoiging and Aiess, as
previously stated. To reduce the value of ), it is illustrated in Equation (7).

When k = 0.5, it indicates A = 0.425Q?, when k = 1, it indicates A = 0.85Q?, and when
k = 2, it indicates A = 1.7Q*. It is the original Lagrange value (A,pginat) for k = 1 with
A = 0.85Q2%. N5 values are utilized for optimization for £ = 0.5 and 2, with A = 0.425Q?
and \ = 1.7Q?, respectively. Equation (7) illustrates how bit rate savings can be achieved
by contrasting the performance of the original Lagrange value (Aorigina;) With the Ayeq [11].

Our approach to evaluating a compression quality is conducted by employing BD met-
rics such as BD bit rate and BD video quality. BD rate represents bit-rate reductions
quantification compared to the equivalent video quality. Figure 7 presents the outcomes
of all Lagrange values employed in the optimization process, assessed through bit rate and
efficiency, utilizing video test as input depicted in Figure 6. Each input with various video
test generates curve. The system achieves its optimal performance in terms of maximum
PSNR and bit rate at the Lagrange value A\ = 0.425Q?%. In the same way, the minimum
PSNR and bit rate are observed at a Lagrange value \ = 1.7Q?.

Table 3 presents a performance of the comprehensive system with the typical Lagrange
value in original optimization at A = 0.85Q?. The performance is compared to the La-
grange value A obtained by the proposed optimization methodology. In this research,
Lagrange values proposed are at A = 0.425Q% and A = 1.7Q?. To evaluate the impact
of the Lagrange values, we compare performance of system for Lagrange values \;.,; and
Aoriginal- I Table 4, the average BD-PSNR for all video sequences increased by 0.263 dB
at Lagrange A\ = 0.425Q?%, while the average BD-rate for all video sequences rose by
—0.879% at Lagrange A = 1.7Q?. These values surpass those achieved by the optimiza-
tion of original Lagrange values. This achievement demonstrates the effectiveness of the
proposed Lagrange multiplier optimization method in improving both system performance
and coding efficiency in multi-view video compression.

5. Conclusion. The method of Lagrange multiplier selection in multi-view HEVC has
been simulated. The findings show that our method is superior than utilizing the orig-
inal Lagrange multiplier A\ = 0.85Q? for multi-view video coding, which includes SNR
scalabilities, for figuring out A in the reference encoder. The A\, was used to compare
the optimization Lagrange multiplier with the regular Lagrange multiplier. The approach
of this process is evaluated in a variety of test conditions, test videos, and content cat-
egories. Based on the efficiency level for all types of content in multi-view video coding,
the results show that our method delivers improved RD performance in multi-view video
coding. The highest average BD-level savings across all video sequences is —0.879% at
A = 1.7Q?% and the lowest average savings across all video sequences is —0.998% at
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A = 4.25Q%. For future system development, it is very important to know the effec-
tiveness of the system on error channels, while for video coding, you can use the latest
multi-view video coding, for example, versatile video coding (VVC).
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