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Abstract

JVET is currently exploring potential technologies for a new video coding standardization after completion of the Versatile
Video Coding (VVC) standardization. For this purpose, JVET has been developing a reference software named Enhanced
Compression Model (ECM). ECM incorporates Decoder-side Intra Mode Derivation (DIMD), which derives one or more intra
prediction modes by analyzing the gradients of the decoded neighboring reference samples, along with various methods utilizing
DIMD. In this paper, we proposes a method to improve the coding efficiency of DIMD by increasing the diversity of modes
derived by DIMD, through expanding the reference samples area for the Histogram of Gradients (HoG) construction depending on
whether the reconstructed neighboring reference samples are available. Additionally, the proposed method is applied to DIMD for
chroma block prediction, and is jointly applied to both luma and chroma blocks. Experimental results show that when the proposed
method is applied to the luma block DIMD, it achieves a coding gain with Bjontegaard Delta-rate (BD-rate) saving of 0.03%,
0.02%, and 0.06% on average for Y, Cb, and Cr components, respectively, compared to ECM-10.0.

Keyword : Intra prediction, ECM (Enhanced Compression Model), DIMD (Decoder-side Intra Mode Derivation), HoG
(Histogram of Gradient)
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Fig. 1. Reference area for building HoG in DIMD: (a) The reference area with 3x3 window (b) The size of reference area for building HoG
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Fig. 2. DIMD reference area for chroma block: (a) The reference area for col-located luma (b) The reference
area for Cb (c) The reference area for Cr
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Table 1. Results of the proposed methods (1 sec sequence, Al)

Proposed methods over ECM-10.0 with Al
Class Sequences Test 1 Test 2 Test 3
Yy [ o [ cr Yy | o [ cr Y Cb Cr

Tango2 -0.03% -0.16% -0.06% | -0.08%  0.32% 0.00% | -0.06% -0.44% -0.19%
A1 FoodMarket4 0.02% 0.20%  -0.11% | -0.01% -0.07%  0.06% 0.01% 0.19% 0.12%
Campfire -0.04% -0.06% -0.11% | 0.01%  -0.18% -0.31% | -0.03% -0.22% -0.11%
CatRobot1 0.00%  -0.22%  0.02% | -0.05% -0.33% 0.16% | -0.02%  0.06% 0.20%
A2 DaylightRoad2 -0.07% 0.01%  -0.24% | -0.02% 0.60%  -0.30% | -0.08% 043% -0.70%
ParkRunning3 0.00%  -0.04% -0.03% | 0.00% -0.02%  0.05% 0.00%  -0.06% -0.05%
MarketPlace 0.04% 0.23%  -0.34% | -0.02% -0.01% -0.07% | 0.03% -049%  0.30%
RitualDance -0.10%  0.95% 0.14% | -0.06%  024%  -0.18% | -0.14% 1.44%  -0.09%
B Cactus 0.03% -025% -0.32% | 0.05% -0.19% -0.23% | -0.04% 0.06% -0.13%
BasketballDrive 0.00% 0.46%  -0.52% | -0.04% 0.68% -0.32% | -0.06%  0.35% 0.10%
BQTerrace 0.00%  -0.08% -0.17% | -0.02% 0.12%  -0.45% | 0.01% 0.16%  -0.73%
BasketballDrill -0.08% -0.35%  0.73% 0.00%  -046% -0.17% | -0.05% -0.08% -0.33%
c BQMall -0.07%  0.13% 0.36% 0.03% 0.44% 0.55% | -0.08%  0.30% 0.69%
PartyScene -0.08%  0.18% 0.38% | -0.05% -0.09% 0.60% | -0.06% -0.06%  0.54%
RaceHorses -0.02% -0.08%  0.63% | -0.02% -0.07% 0.73% | -0.04% -0.25% 1.13%
FourPeople 0.07% -061% -0.71% | 0.04% -0.09% -0.47% | 0.00% 0.25% 0.10%
E Johnny 0.06%  -0.30% 0.77% 0.06% 0.02% 1.17% 0.10%  -1.25%  0.18%
KristenAndSara -0.20% -047% -1.46% | -0.09% 0.60% -0.29% | -0.07% -0.35% -1.16%
Class A1 -0.02%  0.03%  -0.08% | -0.03%  0.02%  -0.08% | -0.03% -0.16% -0.06%
Class A2 -0.02% -0.08% -0.08% | -0.02%  0.08%  -0.03% | -0.03% 0.14%  -0.18%
Class B 0.00% 0.26%  -0.24% | -0.02% 0.17%  -0.25% | -0.04% 0.31% -0.11%
Class C -0.06% -0.03%  0.52% | -0.01% -0.04% 043% | -0.06% -0.02%  0.51%
Class E -0.03% -046% -0.47% | 0.00% 0.18% 0.13% 0.01%  -0.45% -0.30%
Overall -0.03% -0.02% -0.06% | -0.02%  0.08% 0.03% | -0.03%  0.00% -0.01%

EncT 100.1% 99.6% 100.2%

DecT 101.7% 100.6% 103.1%
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Table 2. Ratio of the reference region extension for HoG building in luma blocks DIMD

Applied(%) Non-applied(%)
Above(%) Left(%) Above-Left(%) Total
Class A1 13.97 30.64 27.96 72.57 27.41
Class A2 17.97 27.2 27.91 73.08 26.91
Class B 19.65 23.89 28.87 72.41 27.59
Class C 17.07 25.1 29.75 71.92 28.08
Class E 14.72 33.12 26.56 74.4 25.61
Average 16.9 27.19 28.77 72.86 27.25

ZH(Left-only) & 353 35(Above-Left) 7450 ot 3
zgole) 93 vl g3 e B UIES epdT &,

i
Ao
o f
it
ey

2999 7127 $HE %
FoRH Bt o WY ASRES FEskE 1N
ANSI 1 353 45 BASEE ALK HG &

A< E¢ DIMD AA71ES AEESe A8 A%
y

, MRSl 284
ECM-10.0 thH] Yol A 0.02% A5 38A4S Bk L 3
EESG AAES EF AEY 43 Y, Gl A7
0.03%, 0.01%°] 453Fd= A3t HoG 3= 9
S 71&7] Al AHE-E]

# 1 & 8 (References)

[1] B. Bross, J. Chen, S. Liu, and Y.-K. Wang, “Versatile video coding
editorial refinements on draft 10,” Joint Video Experts Team of ITU-T
and ISO/IEC, JVET-T2001, Oct. 2020.

(2]
(3]

(3]

(6]

(7]

(8]

(9]

[10]

(1]

[12]

[13]

ECM-1.0, https://vegit.hhi.fraunhofer.de/ecm/ECM/-/tree/ECM-1.0
V. Seregin, J. Chen, S. Esenlik, F. Le Léannec, L. Li, M. Winken, J.
Strom, X. Xiu, and K. Zhang, “Exploration Experiment on Enhanced
Compression beyond VVC capability,” Joint Video Experts Team of
ITU-T and ISO/IEC, JVET-U2024, Jan. 2021.

ECM-10.0, https://vcgit.hhi.fraunhofer.de/ecm/ECM/-/tree/ECM-10.0
M. Coban, R.-L. Liao, K. Naser, J. Strém, and L. Zhang, “Algorithm
description of Enhanced compression Model 10,” Joint Video Experts
Team of ITU-T and ISO/IEC, JVET-AE2025, Oct. 2023.

V. Seregin, J. Chen, R. Chernyak, F. Le Léannec, and K. Zhang “JVET
AHG report: ECM software development (AHG6),” Joint Video
Experts Team of ITU-T and ISO/IEC, JVET-AF0006, Oct. 2023.

Y. Ye, M. Karczewicz, M.-L. Champel, P. Onno, L. Zhang, X. Wang,
D. Wang, Z. Lyu, Y. Huo, A. Luthra, E. Francois, H.-B. Teo, Y.
Kidani, and S.-C. Lim, “Proposed timeline and requirements for the
next generation video coding standard,” Joint Video Experts Team of
ITU-T and ISO/IEC, JVET-A10247, Jul. 2024.

A. Nasrallah, E. Mora, T. Guionnet and M. Raulet, “Decoder-Side Intra
Mode Derivation Based on a Histogram of Gradients in Versatile Video
Coding,” In Proc. Data Compression Conference (DCC 2019),
Snowbird, UT, USA, Mar. 2019, pp. 597-597.

doi: https://doi.org/10.1109/DCC.2019.00109

Y .-J. Chang, C.-C. Chen, J. Chen, J. Dong, H. E. Egilmez, N. Hu, H.
Huang, M. Karczewicz, J. Li, B. Ray, K. Reize, V. Seregin, N.
Shlyakhov, L. Pham Van, H. Wang, Y. Zhang, and Z. Zhang,
“Compression efficiency methods beyond VVC,” Joint Video Experts
Team of ITU-T and ISO/IEC, JVET-U0100, Jan. 2021.

X. Li, R-L. Liao, J. Chen and Y. Ye, “EE2-1.2: On chroma intra
prediction,” Joint Video Experts Team of ITU-T and ISO/IEC,
JVET-Z0051, Oct. 2021.

X. Li, R. -L. Liao, J. Chen and Y. Ye, “Decoder-side Chroma Intra
Mode Derivation in Video Coding,” In Proc. 2023 Data Compression
Conference (DCC 2023), Snowbird, UT, USA, Mar. 2023, pp. 22-31.
doi: 10.1109/DCC55655.2023.00010

G. Moon, S. Jeon, K. Kim, J, Lee, and J.-G. Kim, “Enhancement of
DIMD with Multi-Reference Lines in ECM,” In Proc. KIBME
Summer Annual Conf., Jun. 2024.

M. Karczewicz, and Y. Ye, “Common Test Conditions and evaluation
procedures for enhanced compression tool testing,” Joint Video
Experts Team of ITU-T and ISO/IEC, JVET-AE2017, Jul. 2023.



713} 9 420: HoG &%
(Gihwa Moon et al.: Enhancement of DIMD in

N A AN

23 ECM2| DIMD 74 953

CM with HoG Extension)

- 20214 28 : SHRESUEL AZEY 05T SHAL
- 20234 28 : SI=EBstn SEMANESE L MAL

- 20234 48 ~ 1€ : stEslECfsin &EX
- 20249 38 ~ ¥ : =SS YSHAYL IS LAY
- ORCID : https://orcid.org/0000-0001-6727-7790

- FUMEOL: HIOR F33), d4 ¢F, S 2

d e
- 20214 38 ~ &R : S=SUSD MAISSSHAISS T} SARE
- ORCID : https://orcid.org/0009-0006-7652-8372
- TUMEOE: HIER B5&

HAE
- 2023d 23 : S @St HESAS S
= - 2023d 3 ~ & : SmEI0s FSHAFESSD MALLA
|

- ORCID : https://orcid.org/0009-0009-7679-5026
- FAER0}: HIC|IR ASHE|, HIC|2 £33

[mi= s

o3

- 20074 28 : TRCHSII FA U HETa S}
- 20094 28 : TS| SOETHEIAITHEIT O|SEAl 3 CIXLLATIT ZoAAL
- 202414 8% - BIUCYEHT K|SO|C|0{=5H} BhA}

- 20004 ~ B : BIREXIEAATH MoloTe

- ORCID : https://orcid.org/0000-0002-7558-5731

- FUMEO0L: HIU2 F23} O|HAIE H|C|2, MHUA[ZES

ok e

a2

- 10001 28 HECHST MALZST} BHAL
- 19924 28 : KAIST &7| & MALSsa MA}

- 200544 28 : KAIST FAIFAWSHT} EfA}

- 199211 3% ~ 200714 2% : FZAASAATETRY) MeloiTel/ela
- 20014 93 ~ 20024 11¥ : Columbia University, NY, %72

- 20154 12¢ ~ 201611 1& : UC San Diego, Visiting Scholar

- 20074 9 ~ S : SmE3Cetn SSHANYEISTE W

- ORCID : https://orcid.org/0000-0003-3686-4786

- FEAMEO0}: HOR ASRHE|, HIC|R £33}, O|HAIE H|C|R




	HoG 확장을 통한 ECM의 DIMD 개선
	요약
	Abstract
	Ⅰ. 서론
	Ⅱ. ECM의 DIMD
	III. 제안기법
	Ⅳ. 실험결과
	Ⅴ. 결론
	참고문헌 (References)


