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Abstract: Most existing rate control algorithms are based on the rate-quantization (R-Q) model.
However, with video coding schemes becoming more flexible, it is very difficult to accurately model
the R-Q relationship. Therefore, in this study we propose a novel p domain rate control algorithm
for multiview high efficiency video coding (MV-HEVC). Firstly, in order to further improve the
efficiency of MV-HEVC, this paper uses our previous research algorithm to optimize the MV-HEVC
prediction structure. Then, we established the p domain rate control model based on multi-objective
optimization. Finally, it used image similarity to analyze the correlation between viewpoints, using
encoded information and frame complexity to proceed in bit allocation and bit rate control of the
inter-view, frame lay, and base unit. The experimental simulation results show that the algorithm can
simultaneously maintain high coding efficiency, where the average error of the actual bit rate and the
target bit rate is only 0.9%.

Keywords: multiview high efficiency video coding; p model; bit allocation; rate control; image
similarity; frame complexity

1. Introduction

Recently, three-dimensional video (3DV) has become increasingly popular, because it provides real
depth perception, immersive vision, and novel visual enjoyment for multimedia application. With the
development and application of information technology, traditional two-dimensional video technology
cannot meet the user’s visual demands, and high-definition (HD), three-dimensional (3D), and wireless
mobile have become the mainstream trends in video application. However, the compression efficiency of
existing coding standards remains insufficient to address HD and ultra HD video applications, and more
efficient coding compression schemes are still needed. The Telecommunication Standardization Sector
and Moving Picture Experts Group established the Video Coding Joint group (Joint Collaborative Team
on Video Coding, or JCT-VC) to solve this problem. In 2013, the first generation of the high-efficiency
video coding (HEVC) standard was completed [1]. In 2015, multi-view high-efficiency video coding
(MV-HEVC), as one of the new 3D standards based on HEVC, was introduced; it had a strong sense of
stereoscopic and flexible interaction, which can vividly present a video scene, and showed promise of
having wide application in the areas of 3DTV, video conferencing, and so on [2,3]. It has become one
research focus in the field of international video coding [4,5].

Rate control plays an important role in video application, particularly in real-time communication
applications. Bit rate control makes the generated bitstream conform with the needs of different
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channel bit rates, by controlling the encoding parameters and achieving a high quality of coding. It is
one of the very important technologies for video coding. When any video compression standard lack
rate control, its application will be limited. Previous video compression standards, such as MPEG-2,
MPEG-4, H.263, H.264, and multi-view video coding (MVC), have provided a bit rate control model.
Currently, the internationally published test model of MV-HEVC has not yet provided an effective
code rate control algorithm [6].

2. Discussion of the Pros and Cons of the Various Approaches

Recently, researchers have been working on the MV-HEVC code rate control, both locally and
abroad; most researchers are engaged in research on the MVC code rate control. Woo et al. studied the
optimal bit allocation problem in 3D video coding, based on rate distortion theory [7]. They proposed a
reasonable bit allocation algorithm, but the coding complexity is high, the computation is large, and it
is difficult to meet the application requirements. Lim et al. proposed a code rate control algorithm
based on the multi-view video bit rate control of the binomial model [8]. The algorithm, using motion
prediction and parallax forecast spatial structure relations, places all the images into a variety of coding
types. Then, it models various types of images and calculates the target bit number and frame level
quantization parameters of each type of frame, according to the parameters of the model. However,
in video coding of a multi-view point, the parallax prediction feature of each viewpoint has a large
difference; thus, the encoding image with the same prediction relation may have different encoding
characteristics. At this time, the target bit number obtained using the same model parameter will be
biased. South Korea’s Seanae Park and others have considered MVC using the effect of a hierarchical B
frame. It performs bit allocation on MVC based on H.264 and maintains efficient coding efficiency [9].
However, its bit rate control error is relatively large, and the average bit rate control error is greater than
1%, which is not operable in practical applications. At the German Karlsruhe Institute of Technology,
Bruno Boessio Vizzotto used a uniform buffer for both the right and left views in the bit rate control
algorithm of stereo video coding, and then used MPEG-2’s code rate control model, termed TM5,
to control the code flow rate [10]. However, the accuracy of the target bit allocation based on TM5
worsens with an increase in the encoding image type in the MVC.

The aforementioned code rate control models for MVC were based on H.264. Currently, there is
limited research on video coding bit rate control based on HEVC. In 2013, Shao et al. established the
distortion equation of texture bit and virtual viewpoint, and the distortion equation of depth bit and
virtual viewpoint [11]. They combined a texture and depth virtual viewpoint distortion function to
solve the texture and depth code rate, and minimize distortion of the viewpoint. However, this method
does not consider the efficiency of the bit rate of the texture and depth. The virtual viewpoint distortion
caused by the texture, and the virtual viewpoint distortion caused by the depth map, are regarded as
the same weight. In 2014, Pan et al. proposed a deep 3D-HEVC code rate control algorithm, with a
fixed color and depth bit rate ratio of 4:1 [12], but it could not obtain the optimal rendering quality
of virtual viewpoints. In 2015, Zhao Zhenjun and others proposed a joint bit allocation algorithm
based on 3D-HEVC multi-view texture and depth, which is based on the statistical properties of video
series [13]. This algorithm establishes a model of texture bit rate and depth map bit rate, and virtual
viewpoint distortion to control the bit rate. Xiao et al. proposed the depth and texture grading bit rate
control algorithm [14]. Wang et al. proposed the 3D-HEVC bit rate control algorithm based on the
binomial R-D model [15]. The accuracy of the code rate control is low because of the direct use of the
H.264 rate control model. In 2016, Yang et al. solved the bit rate of texture and depth, by combining the
texture and depth virtual view distortion functions [16]. However, this method does not consider the
efficiency of the bit rate of texture and depth, and the error of the bit rate control accuracy is lower
than the average bit rate of 2.4%. Li et al. proposed the rate control algorithm for high efficiency
video coding [17], but it is necessary to further study the optimal model of 3D-HEVC bit rate control.
Lei ] et al. proposed a novel rate control algorithm based on the region adaptive R-A model, which can
achieve considerable bjentegaard delta peak signal-to-noise rate (BD-PSNR) gains [18].
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The above studies have not taken into consideration the relationship between the MV-HEVC
bit rate control model and related coding performance. Most of the studies are engaged in research
on rate control for HEVC or MVC [19-27]. There have been many studies on rate control for HEVC
based on scene switching [28,29], but most of the rate control algorithms for HEVC are concentrated
in the single-channel video coding standard, which is not applicable to multiview video coding.
Li et al. proposed the rate control algorithm for HEVC, but it is necessary to further study the optimal
model of MV-HEVC bit rate control [30]. We also preliminarily explored the MVC bit rate control model,
and proposed an MVC bit rate control optimization algorithm based on the binomial R-D model [31].
We believe the MV-HEVC bit rate control model in the design can also be seen as a multi-objective
optimization problem. It needs to adaptively adjust the parameters of the rate control model, according
to the characteristics of the video content and the requirements of the specific application, so that
the accuracy of the bit rate control and the subjective quality cannot fluctuate significantly and the
best balance between the two is achieved. The experimental simulation results show that the average
error between the actual bit rate and the target bit rate of this rate control algorithm is only 0.90%.
At the same time, efficient coding efficiency has theoretically reached the basic requirements for
practical application.

This paper is structured as follows: In Section 2, we review the previous work on rate control.
Section 3 addresses the p domain rate control model, and describes the rate control for MV-HEVC based
on this model in detail. In Section 4, extensive experiments are conducted to evaluate the performance
of the proposed method. Finally, conclusions are drawn in Section 5.

3. p Model for MV-HEVC

The reference code of the latest video coding standard, HEVC, usually adopts the rate-Lambda
(R-Lambda) model for bit rate control, but the R-Lambda model allocates too many target bit rates
for I-frames, causing subsequent video frames to have insufficient target bit rates. The quality of
reconstruction has deteriorated severely. In High Efficient Video Coding (HEVC), the bit rate control
algorithm achieves good results for both the accuracy and efficiency of the bit rate output, but the
algorithm does not take into account the complexity of the actual video encoding content.

The rate control algorithm based on the p domain is proposed by He Zhihai [32,33], where p
represents the percentage of the zero coefficients, after the quantization of the transform coefficients to
all the coefficients. Through a large number of experiments and theoretical proofs, the paper reached
the following conclusion: For video signals, p has a linear relationship with the texture bit encoding
rate T (p). The linear model is:

T(p) =6(1-p) 1

In order to introduce the p model into rate control algorithm for MV-HEVC, we have done a
lot of experiments to study the relationship between p and the encoding bit rate of textured parts.
The platform used in the experiment is the MV-HEVC test model published internationally in 2016 [6].
Using the “Exit” test sequence, the frame rate is 25 frames/second, and the quantization parameter
(QP) ranges from 0 to 51. Figure 1 shows the R(p) curve. It can be seen from the figure that R(p) is
approximately a quadratic curve passing through the (1, 0) point. Our previous research has shown
that p has the following quadratic relationship with the texture bit encoding bit rate R(p):

R(p) =x-(1-p)°+¥-(1-p) ©)

where, ¥, can be provided by the following statistical analysis method. Let
(p1,R1(p), (p2,R2(p)), - , (pn, Ru(p)) be the existing n sample values, thus
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Ri(p) =x-(1=p1)"+¥-(1-p1)
Ra(p) =x-(1=p2)" +¥-(1-p2)
: ®)
Ru(p) =X+ (1= pu)* + - (1= pn)
Suppose that p';(p) = (1= p;)?, p’5; = 1= p;, and
Pu P Ry
P Pxn R, ( X )
"= R = X = 4
L s ¥ @
Pl Plo Ry
Using multiple regression techniques, the model parameter, N, can be calculated as follows:
’ ol ’
x=((p" ") Ry )
’ ol ’
b= (") o Ry ©)

. . -1. . .
where p'T is the transpose matrix of p’, and (p’Tp’) " is the inverse matrix of p’Tp’.

1.4 T T 15

0.8

0.6

0.5

0.4~

0.2~

0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1 0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1

14 T 1.4

12f “ 1.2

1k - 1k

08t 1 0.8

0.6f i 0.6

0.4 Bl 0.4

0.2 - 0.2

r r r r r r r r r 0 r 1 c c r L r r L
0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1 0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1

0

Figure 1. Experimental results for R(p) curve.

4. Rate Control Algorithm for MV-HEVC

To be compatible with the latest video coding standard HEVC, the bit allocation and bit rate
control proposed in this study is based on the HEVC bit rate control algorithm. In order to further
improve the efficiency of MV-HEVC, this paper uses our previous research algorithm to optimize the
MV-HEVC prediction structure, before performing rate control for MV-HEVC [34]. The main problem
of the rate control algorithm for MV-HEVC is how to perform bit allocation among viewpoints and
how to use the correlation among viewpoints to perform bit allocation. The key steps of the MV-HEVC
bit rate control algorithm are as follows:
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4.1. View Layer Rate Control

In this study, reasonable allocation of bits to different viewpoints were based on viewpoint
similarity and encoded information. The weight, wy, was used to indicate the degree of importance
of the viewpoint, k. The larger wy was, the more important the viewpoint was. The total number of
bits allocated to the Kth viewpoint, GOPg, within each coded GGOP picture group, is provided by
Equation (7).

Tcor(nko) = Tcgor(snio) - Wk 7)

The initial value of wy(k = 0,1,2,L, Ny, — 1) is provided by Equation (8).

Yk = N R ®
k§0 N-1 j:O,j;tkS(V] Vi)

where N is the number of encoded viewpoints, and S(V, Vi) is the similarity between viewpoints

V; and Vi. The bilinear similarity measurement algorithm was adopted. This algorithm has been

successfully used in the field of image retrieval. The algorithm is superior to traditional distance

metrics, and there are no restrictions Among them, S‘; and SZ are the feature vectors of the two

images, respectively.

sk-sf
S(ViVk) = W )

4.2. Frame Layer Rate Control

In the HEVC frame layer rate allocation, the bit allocation per frame is determined by the frame
rate, target buffer capacity, actual buffer size, etc. The residual energy of the coded frame is not
considered, which is likely to cause image quality degradation and a jump phenomenon in the frame.
Previous research results in [15] have proposed the following optimal frame target bit allocation
method, according to the residual energy of the coded frame:

M
T-Y C
T(j):MADj-( m=1 m)+c (10)
MAD, M J

In the aforementioned equation, T is the sum of the number of bits consumed for encoding an M
frame; MAD, represents the average of all frame MAD (mean absolute deviation difference); MAD i
represents MAD at frame j; C; and Cy, occupy bits of the header information of the j-th frame and the
m-th frame, respectively. In Equation (10), it can be seen that the larger 4 and b were, the more target
bits were allocated to image frames.

In the multi-view video code, the target bit of the j frame assignment is as follows:

MADj-1 Tgop(nx0)

T(j-1) = MAD, NG —Ca) +Cja (11)

In Equation (10), C, represents the average value of the bits consumed for encoding the header
information of the encoded frame in the current GOP.

In general, the smaller the active time domain of the frame, the fewer bits are needed; conversely,
the larger the active time domain of the frame, the more bits are needed. To make the MVC rate control
more accurate, the code rate control method in Equation (11) was further improved. The current frame
target bit is calculated using Equation (12):
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+ T (12)

In Equation (12), T is the bit consumed by the frame header information of the frame, and j and
n represent the current time level. FD(j) is the temporal activity for jth frame. W(I) represents the
weight of each frame complexity. Wg([) represents the weight of the B frame.

4.3. Macroblock Layer Rate Control

According to macroblock layer rate control algorithm for HEVC, it is known that the bits allocated
in each frame are evenly distributed to each basic unit layer of the frame, so that different macroblocks
in the same basic unit layer are encoded using a uniform quantization parameter (QP). However,
even the macroblocks in the same basic unit have great differences in the complexity of image content,
texture, and active time domain. Therefore, in order to control the MV-HEVC bit rate more accurately,
different quantization values are used, according to the complexity of its image content, texture,
and active time domain. p can be obtained from the p model. Our previous research has obtained
the relationship between p and the quantization parameter (QP) [31]. Therefore, we can calculate the
quantization parameter (QP) of the basic unit layer. The specific algorithm flow is shown in Figure 2.

’ Load test sequence ‘
-

—»{View layer bit allocation based on image similarity‘

v

4% Load one frame ‘
First I/P frame?
No

’ Frame level bit allocation based on frame complexity ‘

v

4>{ Load one Basic Unit ‘ QP = initial QP
Remaining bits<0?
No
Yes ’

Predict p ‘

v

’ Compute QP ‘
v
’ Actual MB encoding ‘

v

‘ Update R- p model

’ Done ‘

Figure 2. Rate control algorithm based on p model for MV-HEVC.
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The main steps of the rate control algorithm based on the p model for MV-HEVC are as follows:

Step 1: Firstly, establish a framework for continuous encoding of multiple viewpoints, and realize
continuous encoding for multiple viewpoints. Multi-view sequence is then decomposed into several
GGOPs (the group of group of pictures), and the programming parameters are initialized.

Step 2: GGOP (the group of group of pictures) layer bit allocation and code rate control—Get the
current target number of GGOP bits according to the frame rate, bandwidth, buffer, etc.

Step 3: GOP (group of pictures) layer bit allocation and code rate control—Firstly, calculate the weight
factor (Wk) of the GOP of each viewpoint according to the correlation between viewpoints. Then obtain
the target number of bits of a GOP for the current viewpoint.

Step 4: Frame layer bit allocation and code rate control—Obtain the number of bits allocated to the
current encoding frame, according to the frame complexity.

Step 5: Macroblock layer bit allocation and code rate control—According to the number of frame
bits obtained in Step 4, the number of bits allocated by the current coding basic unit is then obtained
according to the complexity of the basic unit; then, p is calculated according to the code rate control
model (p model), and finally the quantization parameters of the current macroblock are determined.

Step 6: Encode the current macroblock according to the quantization parameter calculated in Step 5.

Step 7: Determine whether all macroblocks in the current frame are encoded. If they are all encoded,
go to Step §; if they are not all encoded, repeat Steps 5 to 6 until they are all encoded, then go to Step 8.
Step 8: Determine whether all the frames in the current GOP are encoded. If they are all encoded, go to
Step 9; if they are not all encoded, repeat Steps 4 to 7 until all the frames of the current GOP are edited.
Step 9: Determine whether all GOPs in the current GGOP are encoded. If they are all encoded, go to
Step 10; if they are not all encoded, repeat Steps 3 to 8 until all GOPs in the current GGOP are edited.

Step 10: Determine whether the current GGOP is the last GGOP. If it is the last GGOP, the entire code
rate control process ends; otherwise, repeat Steps 2 to 9.

5. Experimental Classification Results and Analysis

In order to verify the algorithm of this paper, on the platform of the MV-HEVC system provided
by The Joint Collaborative Team on 3D Video Coding Extension Development (JCT-3V), this paper
compares the coding performance of this bit rate control algorithm with the multi-view point bit
rate control algorithm proposed in [17,18]. Due to experimental platforms and technical limitations,
some algorithms in the references are just simulated data. This paper uses five standard 3DV test
sequences from Poznanstreet, Akko & Kayo, Rena, Breakdancers, Uli, and Balloons. The resolution of
the sequence includes 1920 x 1088 pixels, 1024 x 768 pixels and 640 x 480 pixels.

Compared with [17,18], Figure 3 shows that the rate control algorithm proposed in our paper
can distribute more bits consumed in the dramatic motion scene frame to several subsequent frames,
thus avoiding the large fluctuation in video quality. From Figure 3, it show that the frame quality of
the algorithm proposed in this paper fluctuates most smoothly after the video scene is switched.

The performance measures include the x and the x variation (oy), which is calculated as

(13)

where N denotes the number of total encoded frames.

Figure 4 shows the PSNR fluctuation for the sequences “Balloons” and “Poznanstreet.” The results
show that the bit rate control algorithm used in this study significantly reduces the PSNR fluctuations
and improves the subjective effect.
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Table 1 shows the simulation results of MV-HEVC rate control. Our method can accurately control
the output bit rate of MV-HEVC. The synthesized virtual views algorithm is similar to [18]. In most
cases, the actual bit rate and target bit rate error can be controlled to approximately 1.0% or less.
Compared to [17] and [18], Table 1 shows that the rate control algorithm proposed in this study has
a more accurate bit rate, smaller bit rate deviation, and a small average error rate of 1%, which can
meet practical application requirements. The main reason for this is that not only is there reasonable
bit rate control between viewpoints, but also that the bit rate control performs well at both the frame
layer and the base unit layer. When the target bit of “Poznanstreet” sequence is 1350 kbps, the bit
rate control error in [17] is relatively large (2.85%). This is mainly because “Balloons” had a relatively
intense sequence of motion, and it was difficult to perform accurate bit allocation. The rate control error
proposed in our study is controlled to 0.9%. The main reason is that the similarity between viewpoints
deviates, resulting in inaccurate bit allocation between viewpoints. Table 1 shows that the code rate
control algorithm proposed in this study also improved, compared to that of [17,18]. The experimental
simulation results show that the algorithm can maintain high coding efficiency, and that the average
error between the actual bit rate and the target bit rate is only 0.90%.

Table 1. Simulation results of our method.

Target Bit Actual Generated Bits (kbps) Rate Control Error (%)
Sequence Rate Fixed Fixed
(Kbps)  Ratic 17 [4] [31] [18]  Proposed [ .-

250.00 256.90 25570 25470 254.18 25323  251.88 276 228 1.88 1.67 129 0.75
400.00 41120 40896 408.76 406.76 405.04  402.36 280 224 219 1.69 126 0.59

[171 [41 [31] [18] Proposed

Akko & Kayo
500.00 51275 509.60 508.60 507.85 50655 50335 255 192 172 157 131  0.67
100000  1022.00 101540 101470 1013.60 100950 100490 220 154 147 136 095 049
vGA 250.00 25670 25500 25458 25335 252.63 25125 268 200 1.83 134 1.05 050
R 40000 41152 40944 408.84 407.04 40552 40316 288 236 221 176 138 0.79
ena 500.00 51470 51120 509.85 508.65 507.05 50520 294 224 197 173 141 1.04
1000.00  1027.80 1019.70 1017.80 101540 1013.00 1008.30 278 197 178 154 130 0.83
500.00 51500 51070 509.65 510.00 50755 50580  3.00 214 1.93 2.00 151 1.16
Break D 760.00 78698 77923 77649 77482 77148  767.83 355 253 217 195 151  1.03
reakUancers  1000.00 103050 1023.30 1019.80 101690 101310 1009.60  3.05 233 198 1.69 131 096
2050.00 211806 210617 2097.15 2080.55 207727 207050 332 274 230 149 133 1.00
XGA 500.00 51845 51490 51315 51095 50920 50650  3.69 298 2.63 219 1.84 130
- 760.00  782.80 777.63 77520 77414 771.02  767.83  3.00 232 200 186 145 1.03
! 100000  1026.80 1020.30 1017.10 1015.00 101210 100890  2.68 2.03 1.71 150 121  0.89
2050.00  2121.34 2110.68 2100.84 209121 208198 207132 348 296 248 2.01 156 1.04
1530.00 157575 1563.66 155570 155540 154958 1540.10 299 220 1.68 1.66 128 0.66
Ball 800.00  829.92 82336 819.84 81352 81200 80656 374 292 248 169 150 0.82
atloons 45000 46638 46247 46053 46035 45873 45572 364 277 234 230 194 127
26500 27433 27216 27133 269.77 268.84 26736 352 270 239 1.80 145 0.89
HD 3900.00  4029.48 4008.81 398619 3960.06 395421 393159 332 279 221 154 139 081
. Geet | 135000 139833 138848 138713 138699 138092 137417 358 285 275 274 229 179
0znan-otweet 60000 616.80 61332 61290 60876 607.68  603.60  2.80 222 215 146 128  0.60
30000 31086 308.34 307.05 30474 30417 30219 362 278 235 158 139 073
Average 311 241 211 176 142 090

Figure 5 shows the experimental results of the sequences “Newspaper” and “Poznan Hall2”.
Compared with [17,18], the algorithm in this paper can effectively control the bit rate of MV-HEVC and
maintain a high coding efficiency at the same time. Mathematical quantity analysis of the Figures 3 and 4
is shown in Table 2. For data unification, the data in Table 2 is obtained after further processing.

Table 2. Mathematical quantity analysis of the Figures 3 and 4.

Sequence opsnr (Figure 3) Opuffer (Figure 4) Compared with (%)
R-A  Ref. [18] Proposed MV-HEVC Proposed R-A  Ref.[18] MV-HEVC
Balloons 0.72 0.66 0.53 0.42 0.28 26.39 19.70 33.33

Poznanstreet  0.51 0.48 0.37 0.21 0.13 27.45 22.92 38.10
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In summary, the proposed rate control algorithm is more accurate than that of [17,18].
The simulation results show that the proposed algorithm achieves up to 0.23-0.78 dB in improvement
in PSNR. Meanwhile, it can efficiently control the bit rate with an average rate control error of
0.90%. The main reason is that this paper not only uses our previous research algorithm to optimize
the MV-HEVC prediction structure, but also performs rate control algorithm based on p model

for MV-HEVC.
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6. Conclusions

The current research on multi-view video coding rate control based on the MV-HEVC has not
been expanded thoroughly. In this paper, by analyzing the deficiency of the bit rate distortion model
and the characteristics of multi-view video coding in current video bit rate control, a bit code rate
control algorithm based on MV-HEVC multi-view video coding was proposed. The algorithm involves
the entire bit rate control process, from the bit rate model design to each model’s bit allocation and bit
rate control, to ensure the accuracy of the bit rate control algorithm. The experimental results show
that the proposed MV-HEVC bit allocation and bit rate control algorithm can effectively control the bit
rate, based on the given coding parameters. It will further study the correlation between viewpoints
and improve the bit rate control algorithm. In addition, this paper has not considered multi-view scene
switching, which is the focus of future work research.
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