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Abstract

The latest video coding standard, Versatile Video Coding (VVC), developed by the Joint Video Exploration Team (JVET), has
demonstrated significant improvements in compression efficiency compared to H.265/HEVC. To achieve higher coding efficiency,
Intra Sub-partition Prediction (ISP) is applied to each Coding Unit (CU), enabling a more flexible block structure. In addition, the
number of directional modes for intra prediction has been increased from 33 to 65 to better accommodate diverse texture patterns.
While these newly introduced techniques enhance coding performance, they also lead to extremely high computational complexity.
To address this issue, we propose a fast ISP algorithm that determines whether the ISP split mode should be applied during the
rate-distortion (RD) optimization process for optimal CU-mode decision. Simulation results demonstrate that the proposed method
reduces ISP computational complexity by up to 18% compared to the VVC reference software (VIM), while the coding loss is
limited to an average of 0.10%, thereby minimizing visual quality degradation.

Keyword : Versatile video coding, High efficiency video coding, Intra sub-partition prediction, Intra-prediction, Fast encoding
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Table 1. Time saving of the proposed method on top of VTM 21.0
Class Sequence Proposed Method
BDBR-Y BDBR-U BDBR-V TSIST TSIET
Tango2 0.05% -0.77% 0.18% 98% 83%
A1l FoodMarket4 0.02% -0.11% -0.07% 98% 78%
Campfire 0.07% 0.05% -0.12% 97% 86%
CatRobot 0.10% 0.08% 0.13% 97% 83%
A2 DaylightRoad2 0.15% 0.39% 0.16% 97% 83%
ParkRunning3 0.02% 0.04% 0.01% 98% 84%
MarketPlace 0.03% -0.07% 0.67% 96% 84%
RitualDance 0.14% 0.14% 0.03% 97% 80%
B Cactus 0.14% 0.19% 0.11% 97% 83%
BasketballDrive 0.22% 0.26% 0.30% 96% 80%
BQTerrace 0.15% 0.22% 0.34% 96% 82%
Average 0.10% 0.04% 0.16% 97% 82%
F 2. Mot 7Y CHH| 7|E 7ol M Hlw 2
Table 2. Performance comparison between the proposed method and related works
Solution Software TS BDBR TS/BDBR
Our VTM 21 3.00% 0.10% 30.00
L AraGjo’® VTM 18 3.15% 0.11% 28.64
Saldanga®®! VTM 10 8.32% 0.31% 26.84
Park?® VTM 9 12.11% 0.43% 28.16




(Seongwon Jung et al.:

Aol o IA YElsth By FA AR TS/BDBRg A}
g5e] 12 ATE 29 45 MILHUS W, B AT

A

VVCE EE]'Tr

ok
o
=
fu T
2 X
al
hins
gc

T
o

Rate-Distortion, RD) 3|43} 24| 4] ISP &

7%6% ISP &3t 2% /<

< FHaslsr] 98, & =Tk

dF nE } 1%% ISP ZLEo
1

of
=
32
~
2,

=2

o
F
mlm
M

o Ix
g‘g
s

rtr
o et for o

B
85:
Lo
—
w2
a~]
Mt

EN
P

bt 4
i
_0|L
38
iy

o

o
B P e )
o 2 rlo _Hl (i,

of
=
)
5{'1-4
%0
)

2

Aom, STA Tse
M

N,

koll
(o
ftl
n\l

g1 E

& (References)

[1] High efficiency video coding (HEVC), Rec, ITU-T H.265 and ISO/IEC
23008-2, Jan. 2013.

[2] B.Bross, J. Chen, S. Liu, and Y.-K. Wang, “Versatile Video Coding
(Draft 10),” in document JVET-S2001, 19th JVET Meeting, Jun. 2020.

[3] F. Racape, G. Rath, F. Urban, L. Zhao, S. Liu, X. Zhao, X. Li, A.
Filippov, V. Rufitskiy, and J. Chen, “CE3-related: Wide-angle intra
prediction for non-square blocks,” in document JVET-K0500, 11th
JVET Meeting, Jul. 2018.

[4] G. Vander Auwera, V. Seregin, A. Said, A. K. Ramasubramonian, and
M. Karczewicz, “CE3: Simplified PDPC (Test 2.4.1),” in document
JVET-K0063, 11th JVET Meeting, Jul. 2018.

[5] J. Lee, H. Lee, S.-C. Lim, J. Kang, and H. Y. Kim, “Non-CE3:
Modification of PDPC,” in document JVET-M0238, 13th JVET
Meeting, Jan. 2019.

[6] J. Pfaff, B. Stallenberger, M. Schifer, P. Merkle, P. Helle, T. Hinz, H.
Schwarz, D. Marpe, and T. Wiegand, “CE3: Affine linear weighted
intra prediction (CE3-4.1, CE3-4.2),” in document JVET-N0217, 14th
JVET Meeting, Mar. 2019.

A54 9 190 VWCE
Efficient ISP Split Mode Decision Method for Versatile Video Coding (VVC))

(7]

(8]

(9]

(10]

(1]

[12]

[13]

[14]

[15]

[16]

[17]

(18]

[19]

et &40l ISP B8 Rt AW 1091

P.-H. Lin, P. Sung, C.-C. Lin, and C.-L. Lin, “Multiple reference line
intra prediction based on JEM7.0,” in document JVET-J0070, 10th
JVET Meeting, Apr. 2018.

X. Ma, H. Yang, and J. Chen, “CE3: Tests of cross-component linear
model in BMS (Test 4.1.8, 4.1.9, 4.1.10, 4.1.11),” in document
JVET-K0190, 11th JVET Meeting, Jul. 2018.

S. De-Luxan-Hernandez, V. George, J. Ma, T. Nguyen, H. Schwarz, D.
Marpe, and T. Wiegand, “CE3: Intra Sub-Partitions Coding Mode
(Tests 1.1.1 and 1.1.2),” in document JVET-M0102, 13th JVET
Meeting, Jan. 2019.

Versatile Video Coding (VVC) Test Model (VTM), Available online:
https://vegit.hhi.fraunhofer.de/jvet/VVCSoftware VTM [last accessed
10 Oct. 2025].

G. J. Sullivan, J. -R. Ohm, W. -J. Han and T. Wiegand, “Overview of
the High Efficiency Video Coding (HEVC) standard,” [EEE
Transactions on Circuits and Systems for Video Technology, Vol.22,
No.12, pp.1649-1668, Dec. 2021, (accessed Nov. 18, 2025).

doi: https://doi.org/10.1109/TCSVT.2012.2221191

F. Bossen, X. Li, K. Siihring (co-chairs), E. Frangois, Y. He, K.
Sharman, V. Seregin, and A. Tourapis, “AHG report: Test model
software development (AHG3),” in document JVET-AE0003, 31th
JVET Meeting, Jul. 2023.

Z.Peng, C. Huang, F. Chen, G. Jiang, X. Cui, and M. Yu, “Multiple
classifier-based fast coding unit partition for intra coding in future
video coding,” Signal Processing: Image Communication, Vol.78,
pp.171-179, 2019. (accessed Oct. 10, 2025).

doi: https://doi.org/10.1016/j.image.2019.06.014

Q. Zhang, Y. Wang, L. Huang and B. Jiang, “Fast CU Partition and
Intra Mode Decision Method for H.266/VVC,” IEEE Access, Vol.8,
pp-117539-117550, Jun. 2020. (accessed Oct. 10, 2025).

doi: https://doi.org/10.1109/ACCESS.2020.3004580

X. Liu, Y. Li, D. Liu, and P. Wang, “An Adaptive CU Size Decision
Algorithm for HEVC Intra Prediction Based on Complexity
Classification Using Machine Learning,” IEEE Transactions on
Circuits and Systems for Video Technology, Vol.29, No0.99,
ppl44-155, Nov. 2017. (accessed Oct. 10, 2025).

doi: https://doi.org/10.1109/TCSVT.2017.2777903

T. Li, M. Xu, R. Tang, Y. Chen, and Q. Xing, “DeepQTMT: A deep
learning approach for fast QTMT-based CU partition of intra-mode
VVC,” IEEE Transactions on Image Processing, Vol.30, pp.5377-
5390, May 2021. (accessed Oct. 10, 2025).

doi: https://doi.org/10.1109/TIP.2021.3083447

S. Wu, J. Shi, and Z. Chen, “HG-FCN: Hierarchical grid fully
convolutional network for fast VVC intra coding,” IEEE Transactions
on Circuits and Systems for Video Technology, Vol.32, No.8,
Pp.5638-5649, Jan. 2022. (accessed Oct. 10, 2025).

doi: https://doi.org/10.1109/TCSVT.2022.3146061

J. Chen, Y. Ye, and S. H. Kim, “Algorithm Description for Versatile
Video Coding and Test Model 3 (VTM 3),” in document JVET-L1002,
12th JVET Meeting, Oct. 2018.

C. Chuang, and T. Cheng, “Cel-Related: Separate Tree Partitioning at
64x64-luma/32x32-Chroma Unit Level,” in document JVET-K0230,



[20]

[21]

[22]

[23]

W3 ehs]=EA A30E A6E, 20259 11€

11th JVET Meeting, Jul. 2018.

W.-J. Chien, J. Boyce, Y.-W. Chen, R. Chernyak, K. Choi, R.
Hashimoto, Y.-W. Huang, H. Jang, R.-L. Liao, and S. Liu, “JVET
AHG report: Tool reporting procedure (AHGI13),” in document
JVET-S0013, 19th JVET Meeting, Jun. 2020.

F. Bossen, J. Boyce, X. Li, V. Seregin, and K. Siihring, “JVET
Common Test Conditions and Software Reference Configurations for
SDR Video,” in document JVET-L1010, 12th JVET Meeting, Oct.
2018.

G. Bjentegaard, “Calculation of Average PSNR Differences between
RD Curves,” in document VCEG-M33, 13th VCEG Meeting, Mar.
2001.

L. Araujo, A. Duarte, B. Zatt, G. Correa, and D. Palomino, “Fast ISP

{2

- 20204 ; ZLiEiD MEEAIZS}
- 20224 : SOMHStW AFE
- 20224 ~ FHA| ; SIEMAEAINT

SCT

=

2 o178

X A &

St Z(SSAL
S ZASEMA
- ORCID : https://orcid.org/0009-0001-1583-1224
Image/video Computing Systems, Stereoscopic 3D, Video Compression and Real-time Processing

N NN

Ay &
- 19944 : TOICIEIT FAIZSD ST
- 1996 : ZOICEIT FAIZED ZRY(ZEMAN
- 20084 : FICHEIT FAIZED ZRU(ZEHUAN
- 20084 ~ 3K} : SREASAGTR HoloiTR

_ - ORCID : https://orcid.org/0000-0001-5052-3844

- FEUMZ0E:

Systems

[24]

(23]

H

(JBE Vol.30, No.6, November 2025)

Mode Decision for the Versatile Video Coding Intra Prediction Using
Machine Learning”, Brazilian Symposium on Multimedia and the
Web, pp. 162-170, 2024, (accessed Nov. 18, 2025).

doi: https://doi.org/10.5753/webmedia.2024.241692

M. Saldanha, G. Sanchez, C. Marcon, and L. Agostini, “Learning-
Based Complexity Reduction Scheme for VVC Intra-Frame
Prediction” 2021 International Conference on Visual Communications
and Image Processing, pp.1-5, Dec. 2021. (accessed Nov. 11, 2025).
doi: https://doi.org/10.1109/VCIP53242.2021.9675394

J. Park, and B. Jeon, “Fast VVC intra prediction mode decision based
on block shapes.” In Applications of Digital Image Processing XLIII,
Vol. 11510, pp.581-593, Aug. 2020. (accessed Nov. 11, 2025).

doi: https://doi.org/10.1117/12.2567919

Digital Signal Processing in the Fields of Terrestrial & Mobile DTV, 3DTV and UHDTV Broadcasting



	23정승원
	책갈피
	_Hlk213429930



