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Non-fixed Quantization Considering Entropy Encoding in HEVC
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Abstract

MPEG and VCEG have constituted a collaboration team called JCT-VC(Joint Collaborative Team on Video Coding) and have
been developing HEVC(High Efficiency Video Coding) standard. All transform coefficients in a TU(Transform Unit) have been
equally quantized according to the quantization and inverse quantization method which is used in HEVC standard. Such an equal
quantization is not efficient because the transformed coefficients in the TU are not eqully distributed. Furthermore, the quantized
coefficients which is positioned in later scanning order cannot be efficient due to the entropy scanning method. We suggest an
algorithm that transform coefficients are quantized at different values according to the position in TU considering a scanning order
of entropy encoding to improve the coding efficiency. The principle of this algorithm is that quantization and inverse quantization
are carried out according to the scanning order which is in accordance with the statistical characteristic of distribution of quantized
transform coefficients. The proposed algorithm shows on the average of 0.34% Y BD-rate compression rate improvement.
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Table 1. Q and 1Q according to QP value

QP%6 0 1 2 3 4 5

Q 26214 | 23302 | 20560 | 18396 | 16384 | 14564

1Q 40 45 51 57 64 72
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Table 2. Test Conditions of High Efficiency and Low Complexity

High Efficiency

Low Complexity

Coding Unit 8x8 up to 64x64 in tree structure

Prediction Units
Asymmetric Motion Partition

Transform unit tree(3 level max)
Transform block size 4x4 to 32x32 samples
Mode-dependent Transform for 4x4 block (DST)
Non-square Quad-tree Transform
Rate Distortion Optimized Quantization

Angular Intra Prediction (Max. 34 directions and Planar mode)
Adaptive Intra Smoothing
Intra Chroma Prediction using Luma samples

Luma: 8-tap separable DCT-based interpolation filter (1/4-sample)
Chroma: 4-tap separable DCT-based interpolation filter with (1/8-sample)

Coding Unit based Skip & Prediction Unit based merging
Advanced motion vector prediction

Adaptive loop filter

CABAC entropy coding CAVLC
Internal bit-depth increase (2 bits) X
Deblocking filter
Sample Adaptibe Offset
X
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QP(Quantization Parameter)&t-s 22, 27, 32, 372 T &
sttt AF 23 RDOQE AQste] AL )
RL=0.9 RCH=0.7¢ W] AJ53de] 7 %931, RDOQE
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¥ 49} ¥ 5% Aok o] TEE] Qs HM4.03}
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A Traffic 2560x1600 30fps
A PeopleOnStreet 2560x1600 30fps
A NebutaFestival 2560x1600 60fps
A SteamLocomotiveTrain 2560x1600 60fps
B Kimono 1920x1080 24fps
B ParkScene 1920x1080 24fps
B Cactus 1920x1080 50fps
B BasketballDrive 1920x1080 50fps
B BQTerrace 1920x1080 60fps
o] BasketballDrill 832x480 50fps
o] BQMall 832x480 60fps
C PartyScene 832x480 50fps
(o} RaceHorses 832x480 30fps
D BasketballPass 416x240 50fps
D BQSquare 416x240 60fps
D BlowingBubbles 416x240 50fps
D RaceHorses 416x240 30fps
E Vidyo1 1280x720 60fps
E Vidyo3 1280x720 60fps
E Vidyo4 1280x720 60fps
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Table 4. Experimental results in High Efficiency

A3 9 : HEVC dE=ZY] F53k5 123 vl FAst

RDOQ off RDOQ off vs RDOQ on RDOQ on
Y BD-rate U BD-rate V BD-rate | Y BD-rate U BD-rate V BD-rate | Y BD-rate U BD-rate V BD-rate
A -0.6% -1.3% 1.3% -5.3% 0.8% 2.5% -0.12% 0.46% 1.21%
B -0.6% -2.1% -2.4% -6.5% -0.4% -0.4% 0.01% 0.31% 0.31%
Intra C -0.6% -0.6% -1.5% -5.0% 0.4% -0.5% -0.08% 0.67% 0.22%
Only D -0.4% -1.5% -1.4% -4.9% 1.9% 0.8% -0.02% 0.18% 0.18%
E -0.1% -3.2% -3.0% -4.8% -0.3% -0.9% 0.06% -0.50% -0.41%
average -0.5% -1.7% -1.4% -5.4% 0.5% 0.3% -0.03% 0.26% 0.34%
A -0.7% 1.5% 3.9% -5.0% -4.3% -4.5% -0.12% 2.30% 4.17%
B -0.3% 0.0% 0.0% -5.3% -6.4% -5.8% -0.02% 0.94% 0.93%
ii';‘ig;“ c 0.1% 0.4% 0.2% -5.0% 7.1% 7.2% 0.05% 1.35% 0.95%
D 0.1% 0.2% -0.1% -4.8% -5.4% -5.6% 0.07% 0.84% 0.29%
average -0.2% 0.5% 0.9% -5.1% -5.8% -5.8% -0.01% 1.33% 1.55%
B -0.4% -0.9% -1.3% -4.1% -5.5% -4.8% -0.02% 0.83% -0.17%
C -0.1% -0.2% -0.5% -3.6% -5.4% -5.4% -0.03% 0.67% 0.25%
S_;\;Vy D 0.0% -0.7% -1.1% -3.6% -5.9% -5.7% -0.04% 0.41% 0.41%
E 0.0% -2.1% -1.5% -1.8% -3.4% -1.9% 0.11% -1.32% -0.10%
average -0.1% -0.9% -1.1% -3.4% -5.2% -4.6% 0.00% 0.28% 0.09%
I 5. Low ComplexityOfA2] A&izint
Table 5. Experimental results in Low Complexity
RDOQ off RDOQ off vs RDOQ on RDOQ on
Y BD-rate U BD-rate V BD-rate | Y BD-rate U BD-rate V BD-rate | Y BD-rate U BD-rate V BD-rate
A -0.6% -2.2% -1.1% -5.4% -4.5% -4.3% -0.05% -0.20% 0.21%
B -1.0% -2.8% -2.9% -7.6% -6.9% -7.3% 0.02% 0.12% 0.10%
Intra C -0.7% -0.9% -1.6% -5.3% -4.1% -5.0% -0.06% 0.57% 0.37%
Only D -0.5% -1.6% -1.2% -5.0% -3.0% -3.9% -0.04% 0.29% 0.54%
E -0.4% -3.5% -3.2% -5.2% -10.0% -9.9% 0.00% -0.42% -0.37%
average -0.7% -2.1% -2.0% -5.8% -5.6% -6.0% -0.02% 0.10% 0.19%
A -0.5% 1.4% 2.4% -4.0% -8.8% -9.8% -0.13% 1.47% 2.53%
Rando B -0.4% -0.6% -0.5% -5.0% -11.7% -11.9% -0.03% 0.80% 0.69%
m C 0.0% 0.2% 0.0% -4.8% -11.1% -11.3% -0.01% 1.06% 0.75%
Access D 0.0% -0.2% 0.3% -4.9% 11.1% -11.3% -0.03% 0.76% 0.99%
average -0.2% 0.2% 0.5% -4.7% -10.7% -11.1% -0.05% 1.01% 1.20%
B -0.5% -0.9% -1.5% -3.4% -10.7% -11.8% -0.09% 0.86% 0.61%
C -0.3% -0.3% -0.8% -3.4% -9.6% -9.6% -0.11% 1.02% 0.29%
DL ;\;Vy D -0.2% -1.1% -0.7% -3.4% -11.7% -11.6% -0.09% 0.43% 0.38%
E -0.2% -2.4% -1.1% -2.0% -11.2% -8.1% -0.02% -0.53% 0.24%
average -0.3% -1.1% -1.0% -3.2% -10.8% -10.5% -0.08% 0.53% 0.40%
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Table 7. Decoding Time AT
AT(%) RDOQ off RDOQ on
High Efficiency Low Complexity High Efficiency Low Complexity
Intra Only 101% 101% 102% 102%
Random Access 100% 100% 101% 101%
Low Delay 100% 100% 101% 101%
Average 100% 100% 101% 101%




A3

7re] Hlgolm o) A (5)olH FAYF & Yt} wa
RDOQE 13H FAolEZE, dgtsl e RDOQE
AIANAHE A9} gong BEFsA7l 3 RDOQE
A7 A 2k & 62 RDOQ off vs RDOQ on®] 2
}E 2, RDOQ7} 3 49} 3 59] RDOQ off vs RDOQ
on®] AFAH & Ass U] A Fas s B
o] Z77E & 4 Utk RDOQE it 31%AE F53}
AZHe 7T whol, £ 69 3E 7ol4] AIQkE WO
F 33817t B335 A7 RDOQ offe} RDOQ on &5
2 AxEY 09} vt AS & 4 Ath wEbA, ARt
H FagFe A A o3t 5 B3t ARHS St
A71A oA AAHQ BDrates HAATIH Fas}
Aes I

T
AT = 222 100(%) 5

referenced

Atd JEZT 53l v dAg S FAL
A FEl e FABHE Al o 2 YAEE 519
Be AFE AATFOZHN AEZ T
S3lo] §85 =Rt} AtE WS HM4.00] &84
< L Ae A BD-rate7} H -0.7%73
AF AdielMe Hdl - 2.1%714 9] BD-
L Fo A BS SRS 100%
FAGE weEba, AE W o e AERE
SIS a8k S-&Eohl
Ao 2 oA ek

a
o

F8oM A58 5 22

>

PHEVC dER9) F5315 1ef3t vids gAks Wy 1045

2

ro

Benjamin Bross, Woo-Jin Han, Jens-Rainer Ohm, Gary J. Sullivan,
Thomas Wiegand, "WD4: Working Draft 4 of High-Efficiency Video
Coding", document JCTVC-F803, July, 2011.

Frank Bossen, TK Tan, Junya Takiue, "Simplified angular intra pre-
diction", document JCTVC-B093, July, 2010.

Ken McCann, etal , " Samsung’s Response to the Call for Proposals on
Video Compression Technology", document JCTVC-A124, April,
2010.

Hiroya Nakamura, Shigeru Fukushima, Masayoshi Nishitani,
"Unification of derivation process for merge mode and MVP", docu-
ment JCTVC-F419, July, 2011.

Kemal Ugur, Kenneth R. Andersson, Arild Fuldseth, "Description of
video coding technology proposal by Tandberg, Nokia, Ericsson",
document JCTVC-A119, April, 2010.

T. Chujoh, R. Noda, "Internal bit depth increase for coding efficiency",
ITU-T SG16 Q.6 document VCEG-AE13, January, 2007.

T. Chujoh, R. Noda, "Internal bit depth increase except frame memo-
ry", ITU-T SG16 Q.6 document VCEG-AF07, April, 2007.

M. Karczewicz, Y. Ye, I. Chong, "Rate distortion optimized quantiza-
tion," ITU T SG16/Q.6, document VCEG AH21, January, 2008.

T. Chujoh, A. Tanizawa and T. Yamakage, "Adaptive Loop Filter for
Improving Coding Efficiency"”, ITU-T SG16 contribution, C402,
April, 2008.

Ryeong Hee Gweon, Yung-Lyul Lee, " Early Termination of CU
Encoding to Reduce HEVC Complexity ", document JCTVC-F045,
July, 2011.
http://heve.kw.bbe.co.uk/trac/browser/jctve-hm/tags/HM-4.0

A. Fuldseth, G. Bjontegaard, M. Sadafale, M. Budagavi, "Transform
design for HEVC with 16 bit intermediate data representation”, docu-
ment JCTVC-E243, March, 2011.

Vivienne Sze, Madhukar Budagavi, "CEll: Parallelization of
HHI TRANSFORM_CODING (Fixed Diagonal Scan from C227)",
document JCTVC-F129, July, 2011.

Chuohao Yeo, Yih Han Tan, Zhengguo Li, "Mode-Dependent
Coefficient Scanning for Intra Prediction Residual Coding", document
JCTVC-D049, Jan, 2011.

Frank Bossen, "Common test conditions and software reference con-
figurations", document JCTVC-F900, July, 2011.

Gisle Bjontegarrd, "Calculation of Average PSNR Differences be-
tween RD curves", document VCEG-M33, April, 2001.



1046  HE33=EA 2011d A16¥ A6s

IS IPN )|

Y 3
- 20114 28 MBSt ZFEISEEAL
- X MBS AFEISTHAA R
- FEMEOL : YAMRE, H.264/AVC, HEVC

o2 2
- 199514 28 : KAIST FArstn} Zsta}
- 1997 28 : KAIST HMatn} ZatAA}
- 20024 2@ : KAIST ZAlstn} ZatEtAl
- 20024 38 ~ 20034 3 : SL2 oIFAE
- 20034 43 ~ 20114 8 : AMAXI DMC oi7A 4A0i71e

- 20114 93 ~ A} : ZAcHsiu A=ELojAEES Y u
- FRAE0E: JatE, Jdolsl, HED|CoiSA

ol g™
- 19851 23 MZTHstu MARSStTK(EAY
- 19874 28 MZTiStn MARSSTHAMAD
- 199914 28 : KAIST 7| % MXISStniEiAl
- 19874 18 ~ 199414 238 : MYTX SYei74 DMS Lab. MYHTH
- 19994 33 ~ 2001 8% : AMMAL ZAITA DMS Lab. AT

- 20014 9F ~ BAY : MBCHelu HFESST AFESY U

- FME0F: JUME|(YR,F), JUTS, ZED|E|of AlLE, 3AKY B|D237Y, ERATY, Scalable HIE2

]
on



