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Abstract

Video bit-rate control is essential for efficient video transmission. As the demand for high-resolution and versatile video
applications increases, adjusting the bit rate to enable transmission/storage within a limited bandwidth or storage device is
necessary. The traditional video bit-rate control method using the R-A model achieves a higher target bit-rate accuracy. However, it
remains challenging to achieve the target bit-rate accuracy in random access (RA) mode. Thus, it is necessary to adjust the A
value used in rate-distortion optimization (RDO) to allocate bits more effectively. Therefore, this paper proposes an optimal target
bit-rate control method in RA mode through efficient A value adjustment. Based on the target bit-rate accuracy criteria, the
proposed method achieved an average bit-rate accuracy improvement of 7.82% point compared to the previous method.
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Sequence Resolution(WxH) Bit-depth Class Frame per sec. No. of frames
BlowingBubbles (416x240) 8 D 50 100
RaceHorses (416x%240) 8 D 30 100
BQMall (832x480) 8 C 60 100
BasketballDrill (832x480) 8 C 50 100
Kristen and Sara (1280%720) 8 E 60 100
FourPeople (1280x720) 8 E 60 100
Cactus (1920%1080) 8 B 50 100
ParkScene (1920x%1080) 8 B 24 100
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Sequence QP VTM-16.0rc1 RC off VTM-16.0rc1 default-RC Proposed RC
q Target Bit-rates(Kbps) Encoded Bit-rates(Kbps) BRA (%) Encoded Bit-rates(Kbps) BRA (%)
T2 [ 2745252 | 1278280 | 4656 | 1399360 | 50.97
. 27 1393.204 817.904 58.71 966.748 69.39
BlowingBubbles =g~~~ T T 7aoqa0 [ 533.864 | 7207 |~ 643588 | 86.88 |
37 381.340 337.680 88.55 403.752 94.12
22 |\ 1710540 | 79846 | 4668 | 854246 |  49.94 |
RaceHorses |21 | ——_______ 918345 777777 7T 562468 |~ NI 639.710 |~~~ 69.66
%2 |\ 474124 U 348408 | 7348 | 449973 | 9491
37 235.075 203.815 86.70 294.746 74.62
22 | 8605435 | 3897868 | 4530 | 4279488 | = 49.73 |
BQMall 2r 4209403 | 2536881 | 6027 | 2910504 | 69.14
%2 |\ 2321136 | 1746590 | 7525 | 2035857 |  87.71
37 1278.604 1160.932 90.80 1380.048 92.07
22 | 5833904 | 2806232 | 4810 | 3142088 | = 53.86 |
BasketballDrill |2 | —————____ 2830792 | "7 777771768568 |~ 6248 | """ 2056004 | 7263
%2 |\ 1432384 | 1102800 | 7699 | 1334784 | = 9319
37 739.360 661.304 89.44 844.752 85.75
22 |\ 5610500 | 2748355 | 4987 | 3397190 |  61.65 |
Kristen and Sara |21 —————____; 2565124 |~ 7T 777706515 |17 66.53 | | 2084467 | 8126
%2 |\ 1470412 | 1176681 | 8002 | 1313064 | 89.30
37 860.947 796.992 92.57 828.993 96.29
22 | 6958.027 | 3526910 | 5069 | 4206638 |  60.46
FourPeople -2l | ———_____ 3421377 [ " T T T To067222 |7 66.27 |~ 72695022 | 7877
%2 |\ 2032.660 | 1616654 | 7958 | 1767561 | 86.96
37 1230.950 1143.163 92.87 1170.086 95.06
22 | . 3632224| 14588.7 | 4016 | 16874.236 |  46.46 |
Cactus 20 [T TTTTA1812040 [T 777353602 | 6226 | """ 9066512 | ___76.76 |
32 | 5624224 | 4399.200 | 7822 | 5535976 | @ 98.43
37 2887.548 2650.264 91.78 3264.296 86.95
|22 | 14203441 | 6525891 | 4595 | 7608017 |  53.56 |
parkscene |2l " 6470327 | """ 7773908165 | "~ 6040 |77 774939167 | 7634
%2 |\ 3152432 | 2388608 | 7877 | 2980416 | 9454
37 1509.394 1385.028 91.76 1709.195 86.76
|22 | 27691238 | 1326366 | 4790 7 15672439 |  56.60 |
Traffic . 2r | 12803592 | 8056802 | 6444 | 9953889 |  79.61
%2 | 6480.880 | 5251336 | 8103 | 6157528 | @ 95.01
37 3492.067 2692.862 7711 3585.120 97.34
|22 | 44220645 | 2003403 | 4530 | 2 22225670 | 50.26 |
People on Street | 21| _____ 20893972 | 7777777 71318331 (" "~ 6310 """ T T 15247.046 | ___ 72.97_
%2 | 10972324 | 8671226 | 7903 | 10845590 |  98.84 |
S 5819457 | 5276762 | 9067 | 7560000 | _ 70.09
|22 | 72564604 | 33269966 | 4585 | ¢ 47645971 | _ 65.66 |
Tangoz |21 | T T15837.49 [T 7777713202726 | "~ 8337 | T 16613246 | ___ 95.10_
%2 | 6825.057 | 6750292 | 9890 | 6750292 | 98.90
8 3722577 | 3543340 | 9519 | 3543340 | 9519
| 22 | 18455788 | 15075465 | 8168 | 19240036 |  95.75 |
FoodMarketd 21| ____ "7 7075.012 [~ """ 7437.849 | 94.87 | " TT77437849 | 9487
%2 | 3864.614 | 3979425 | 9703 | 3979425 | 97.03
37 2200.569 2100.868 95.47 2100.868 95.47
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Table 3. Experimental results for an average bit-rate accuracy (BRA)

Sequence VTM-16.0rc1 default-RC \ Proposed RC
Average Bit Rate Accuracy (%) with 4-QPs
BlowingBubbles 66.47 75.34
RaceHorses 66.76 72.28
BQMall 67.90 74.66
BasketballDrill 69.25 76.36
Kristen and Sara 72.25 82.12
FourPeople 72.34 80.31
Cactus 68.11 7715
ParkScene 68.47 77.80
Traffic 67.62 82.14
People on Street 69.53 73.04
Tango2 80.83 88.71
FoodMarket4 92.26 95.78
Total Average 71.82 79.64
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Fig. 2. R-D performance comparisons (a) BlowingBubbles (b) Kristen and Sara



1008 WEe3) =52 A294 A6=, 20249 1192 (JBE Vol.29, No.6, November 2024)

%] RC% VIM-16.0rc] 7] RCE W2 S o] F W
ZER-D sl 2 Aol7h fISiTh mebd A e] RC
frelPlet R-D 7dse] W3k 5 A3t §12WM = BRA

=d e Wielth

et r[r

HTQ GAF 2353} BE Z Ado] By 8wy} =2
HE7F RA REQH, 1 o]fE H|TS A H353le
GOP F7Hs7t -2 4 S AFdste] thedst 715S 43
g = 9l7] wjEolt} ahA e [ o] HA Bt L Gt
o HIEF & W RES AX|FHE HES HYLE &
F717F Y ERHES HASAALE B4 d9E 29
FHE s Rt 284S HojmgA Ak ue)
A B =R AotibaS 29 F 39 A AT He
F50], RA LE9 el HERHES AL H5S I/
=atE Ao 71202 & 7AE itk AT o
S B A FELS 54 Ao JgoF Fyt At
»osk Ro = AlgHET)

AR Z E 2004 B 5 15o] QPE A AHEste] 13}
AR 7538l A= WAF S22 BRA A3 AE e
2 U2 RS Y 4 9tk F, QP7} FolA|H BRA A%
oA = A& & F Uth B =79 A= s+
H3LE gvtehA st AFHeE (13)9] & AMHE-3)
Atk F3 QP 62 BAE AgHo 7 Rd st A
e ol gl g83ithd 22 QPollA L B}
o] 344E BRA AEL 7)

d B & 9L Rolet Had,

EAZ 914 (12719 2334 E o183 el 2

2% S A 1 22 (594 @749 HE

492 4T A3 94 & puEs

@ AQ7h BE olth. IeE
Ao 3 JES H99% A AAE HE

NHE AN AR LS AEF

to |o rOlt
fr
2
_Il}h

X 1o foox flo my gL oop
o L
=
S ;i
X o
I E
oS iy ©

A3 APAL 7O R 3 o= BHAS B dSAES
sl 7] At 28 Ao HdHch
AR Z B AgoxE RA 29 714 71822l GOP
TFE2E At Ads st 75 25 O vhge
GOP FxoAM ] A9 & Fafe] 7t 138 A &
Mg sithd A G ElEe] ST Eold Z0 R o

ail=g

npR ko 2 ARA I FA O JlolA & A o] RC
M= MSEE M9l Ao ARZ ARE-3le] RDOF
e ﬁﬁgs}wu} :LFJJL R-D 453712 PSNRE ©| 43}
ek FHA 54 T
izl SSIM (structural
similarity index measure)¥ 2> 2| 3% ARE-3HA] 2FdtTh
o e B =7 FXAZEYOIE VIM-16.0rcl HAS
AHEERATE ol VVC #5395 HAd VIM 12,0 Bt
A Aotk Wt VIM-16.0rclS ®F3}o] 249
71EE50] BT A8 FXAZE BN FA A5

7Vt skt SdE o

o
=
2 gsel Azz 44 egw

B =RoE HES- = A3} (rate-distortion opti-
mization, RDO) 1ol AHE-H&= Aghe 24ste] HEE
U 8302 ddates WS Adstarh Mk 28
flstel oElE dEE 7k °] ]é“&‘%ﬁ% o] &3tA L, ©l
HY e G Fosk9] ¢ ra
o Hgate] J9
TZ RA B
gelstdnh

Hg o]

o
ol
—_
2 EI_,

A

r ‘1
i
ol
K
Y
O
HU
>4
gi
o
PN ©
ox, T
ol
l_.

Jlm
o,
=S|

H]EO x%;gq.m: }Hl*_zrlﬂ_ 2
7.82% 4_01‘5-4 A
e B

o

=2 do & [

> 2 e

ot g
:LI

[o
ot e

p

(M o
o
X
2
N
N
e,

ko
ot
_V,L
O
ot
M

o
e
=

B

2
N
rhy
o%

i)
ol ol
R [

A [e]

—

1o off wt ° o\ o mlm
21.
¥
lo

_0|L
i
ST Fﬂq

tlo o

N
o =
=

=

o T fon

2 R
Ea)
12

fol
o
2
>
Dl
oo
=,
-2
4
o

rjﬂ;
(EUR RN
Q
@
L g
4
BN dlo

Bui. )
ot & (o

S

ol

re

o

fu

>

o
oy o2 riu

_o|L

Q

X

[

2

]

)

lo,
o

0>~

ol

i

HE i
1o,

2

e+
2 o
to o

o

o
o



(1]

(21

B3]

Bk

o

W YIYALCY BEIES FIE PIS AT VL MES A

1009

(Myung Han Hyun: A Video Bit-Rate Control for Enhancing Target Bit-Rate Accuracy in VVC Random Access Mode)

& 1 2 ¢ (References)

B. Bross, J. Chen, S. Liu, and Y. Wang, Versatile video coding
editorial refinements on draft 10, 20th Meeting (Tele-conference),
Oct. 2020.

B. Bross etal., “Overview of the versatile video coding (VVC) standard
and its applications,” IEEE Trans. Circuits Syst. Video Technol., vol.
31, no. 10, pp. 3736 - 3764, Oct. 2021.

doi: https://doi.org/10.1109/TCSVT.2021.3101953

M. H. Hyun, B. Lee, and M. Kim, “A novel rate and distortion
estimation method using particle filtering based prediction for
intra-predictive coding of deep block partitioning structures,” IEEE
Trans. Circuits Syst. Video Technol., vol. 31, no. 2, pp. 782 - 797, Feb.
2021.

doi: https://doi.org/10.1109/TCSVT.2020.2989185

M. H. Hyun, B. Lee, and M. Kim, “A frame-level constant bit-rate
control using recursive bayesian estimation for versatile video coding,”
IEEE Access, vol. 8, pp. 227255 - 227269, 2020.

E‘é

rek
o

- 20004 38 ~ 20054 8 :
- 20044 238 ~ 2004 74 :

{.—‘a, ]

A

o

T
—

& | - 2006 3% ~ 20084 2% : UFIE|E
- 20084 28 ~ 20244 29 . T}ty
- 20161 3% ~ 20214 2% ; EI=UET |
- 20244 3% ~ &K :

- FLRIEO0R:
=

L Hlcle £33 biCe HlER

(5]

(6]

(7]

(8]

XN A a7

olaicystm HESAZsH
City University of New York at Queens College, Flushing, New York =7}&5tl
ol MEy|Mzse /\4}\|.
(ADD) OAI T
7| UHAZEE o
ZAZRIHEHD |-|-__J_+EHQ+ HolzeZstn =ms
- ORCID : https://orcid.org/0000-0002-8364-6127
-HIOf, Zakde], ZFEIH,

doi: https://doi.org/10.1109/ACCESS.2020.3046043

M. H. Hyun, B. Lee, and M. Kim, “A VVC intra rate control with small
bit fluctuations using a Lagrange multiplier adjustment,” IEEE Trans.
Multimedia, vol. 26, pp. 6811-6821, Jan. 2024.

doi: https://doi.org/10.1109/TMM.2024.3355633

B. Ristic, S. Arulampalam, and N. Gordon, Beyond the Kalman
Fillter: Particle Filters for Tracking Applications. Boston, MA, USA:
Artech House, 2004.

X. Li, N. Qertel, A. Hutter, and A. Kaup, “Laplace distribution based
lagrangian rate distortion optimization for hybrid video coding,” IEEE
Trans. Circuits Syst. Video Technol., vol. 19, no. 2, pp. 193 - 205, Feb.
2009.

doi: https://doi.org/10.1109/TCSVT.2008.2009255

B. Li, H. Li, L. Li, and J. Zhang, “A\ domain rate control algorithm for
high efficiency video coding,” IEEE Trans. Image Process., vol. 23, no.
9, pp. 3841 - 3854, Sep. 2014.

doi: https://doi.org/10.1109/TIP.2014.2336550

B}

_QE
rl‘L"
ol
.s
=



