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A GOP-Level Variable Bit Rate Control Algorithm for
H.265 Video Coding Standard

Davoud Fani, Mehdi Rezaei* and Maryam Sarhaddi Avval

Communications Systems Engineering Group, Department of Electrical and Computer
Engineering, University of Sistan and Baluchestan, Zahedan, Iran

Abstract

A rate control algorithm at the group of picture (GOP) level is proposed in this paper for variable bit rate
applications of the H.265/HEVC video coding standard with buffer constraint. Due to structural changes in
the HEVC compared to the previous standards, new rate control algorithms are needed to be designed. In
the proposed algorithm, quantization parameter (QP) of each GOP is obtained by modifying QP of previous
GOP according to target bit rate and buffer status. Buffer status and target bit rate are input variables
selected to expand a two dimensional lookup table. Output of the lookup table is provided in a way to allow
short-term variations in bit rate, in order to reach better and more uniform visual quality of reconstructed
video. In addition, a QP cascading technique is used for calculating QP of frames in each GOP that operates
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like a bit allocation scheme and causes suitable trade-off between quality and compression rate. Unlike
conventional methods, proposed scheme uses a lookup table instead of using a rate-distortion model that
significantly reduces the computational complexity. Several video sequences with completely different
contents were used for experiments. Some short video sequences are concatenated to attain long video
sequences which are closer to variable bit rate applications. Lookup table based (LUT) proposed algorithm
is implemented on HM reference software and compared with A-domain rate control algorithm (4-RC) and
constant QP (CQP) case that defined as anchor. In almost the same average bit rate (CQP: 1527.97, LUT:
1520.92, 4-RC: 1529.41), average QP (28.09, 28.18, 29.91) and average peak signal to noise ratio (PSNR)
(37.88, 37.87, 37.76) of LUT is closer to CQP than that of i-RC. Average values of QP standard deviation
(1.13, 2.28, 4.27) and PSNR standard deviation (1.37, 2.11, 2.15) of LUT is smaller than A-RC and closer to
CQP. From rate control point of view, minimum buffering delay on average for all video sequences resulted
by LUT is the same with that of A-RC which is one of the best rate controllers proposed for the HEVC (0.94,
0.36, 0.35). Consequently, experimental results show that not only bit rate is perfectly controlled according
to buffer constraints, but also the quality of reconstructed video is well maintained.

Keywords: H.265/HEVC standard, Lookup table, Rate control algorithm, Variable bit r ate, Video coding
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(Figure-1): Block diagram of the proposed video rate control
algorithm
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(Table-1): Output values of the Controller
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(Table-2(a)): Vertical boundaries of the lookup table
a b c d e f g h
0.00 [ 0.30 | 0.60 | 0.85 | 1.10 | 1.30 | 1.50 | 1.70
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(Table-2(b)): Horizontal boundaries of the lookup table
A|B|C|D|E|F|G|H|T]|J|K
0.00]0.12(0.18{0.26{0.34]0.44]0.54]0.660.78|0.90 | 1.00
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% (Table- 3): Properties of video sequences used for evaluating
§ 5 performance of the proposed algorithm
5 ) [ WRC LuT cQP
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a 50o 100 200 300 400 500 s, Hs ol sla o | oo
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x \Mﬂl‘\m,\w!m Mo “H”Mn”“HMWMMMMuh
5 ) e 2 | PartyScene | 832x480 50 500
30 - - - -
0 100 200 300 400 500 3 BQ Square 416x240 60 600
40 - . - .
4 | Basketball Pass | 416x240 50 500
5 memwmmmmwmwww 5 [Blowing Bubbles| 416x240 | 50 | 500
17I . . . . . 6 Race Horses 416x240 30 300
0 100 200 300 400 500
Frame Number 7 Keiba 416x240 30 300
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(Figure- 2): Compression results of Basketball Pass HM ,l33lp 5 43 <ol QP &l 4 [17] w_.‘.{)’g| 53l o

sequence encoded by proposed algorithm, 2-domain

algorithm, and constant QP case (Table- 4): Performance comparison of the proposed rate

control algorithm, 4-domain rate control algorithm, and
constant QP all implemented on HM reference software
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Flowenase, 416x240, 30 fps QP  [PSNR "dB" Avg
50 SEQ. [RCA Delay | ;i Rate
Avg |STD| Avg [STD| S |"Kbps"
cQP| 28.09 [ 1.13] 38.62 [ 0.68] 0.18 [ 2330.7
=, 45 1 Ba%‘g;fa” LUT| 28.26 | 1.44| 38.60 | 0.89 | 0.20 | 2305.4
i J-RC| 30.65 | 3.89| 38.50 | 0.91| 0.14 | 2331.8
z CQP| 28.09 [ 1.13] 36.15 | 1.05| 0.72 | 44544
o 40 E Party
LUT| 28.14 | 2.30 | 36.12 | 1.96| 028 | 4448.6
LUT Scene
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35 Basketball
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BitRate "Kbps" J-RC| 30.20 | 4.48 | 38.40 | 2.62| 0.20 | 1006.5
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Blowin;
BasketballPass, 416x240, 50 fps Bugbleg LUT| 28.17 | 2.25| 36.20 | 1.69 | 0.32 | 1086.2
50 J-RC|29.57 |4.76 | 36.01 | 2.05| 0.19 | 1085.1
CQP|[28.09 [ 1.12[36.03 [ 1.90 ] 0.35 | 1022.2
45 1 Sc];gre LUT| 2822 | 1.44] 3597 125] 020 | 10135
2 J-RC|29.44 | 2.65|35.90 | 1.17| 023 | 10224
4 40 1 CQP|28.09 | 1.13| 42.13 | 1.32| 097 | 1264
o FIV‘;‘;V:r LUT| 28.18 |3.32 | 42.29 | 2.82| 0.55 | 125.8
35 LutT J-RC|28.29 | 5.12| 41.83 [2.44| 090 | 130.6
——e=-)-RC
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30 s ' i
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) CQP|[28.09 [1.13[37.19 | 1.42] 044 | 7782
: Race
. LUT| 28.26 | 1.63 | 37.08 | 1.75| 031 | 765.7
s g LAY Zlogcl-7 4 ol Jixio :(F- ) Horses
PN SRERSEESTTLY B J5i J-RC| 30.51 |3.97|37.11 | 2.03| 030 | 778.8
it o1 b 00l 00 yuiud Basketball Pass (o) g Flower vase (<) CQP | 28.00 | 1.12| 37.41 | 2.01| 322 | 6212
S Sy S ped b Cali QP o g WY ity 591 g0 lgiiiony Cso:q“;" LUT | 28.11 | 2.45 | 37.41 [ 2.95| 0.68 | 620.1
50U o i J-RC| 29.81 |4.17|37.40 | 2.98 | 0.61 | 6214
| (Figure- 4): R-D curves of (a) Flower vase and (b) Basketball Concat, || 2809 L13] 37,37 ] 152] 203 | 34060
U" Pass sequences encoded by A-domain algorithm, constant QP, Seq.2 LUT| 27.88 |13.22| 37.53 | 3.19| 047 | 34085
Jd} and proposed algorithm with random access configuration file. A-RC| 30.09 | 4.73| 37.35 [ 3.16| 0.43 | 3406.3
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(Figure-3): QP, PSNR, and buffer occupancy graphs for (a) Concatenated 1 and (b) Concatenated 2 sequences encoded by 2-domain
algorithm, constant QP, and proposed algorithm with buffer size equal to target bit rate
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