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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 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

CABAC entropy coding CAVLC

Internal bit-depth increase (2 bits) X

Deblocking filter
Sample Adaptibe Offset

Adaptive loop filter X
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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
] 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

Amazon.com, Inc., Amazon.com Services LLC - Ex. 1024, Page 000007



dg3 9 : HEVC JERZY 73535 ued Hlds A8 ¥y 1043

I 4. High Efficiency0Mo| A8 Z}
Table 4. Experimental results in High Efficiency

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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