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Figure 3: Overall bitrate reductions and @) (®)
Figure 1: Uniform Quantization Step Size (QStep) of URQ in HEVC. The Quantization Parameter (QP) has a binary logarithmic PSNR (dB) values attained by FCPQ and Al 28 Vs TG s 1O_'bit 10y Al Sequence
relationship with the QStep. AdaptiveQP on the OldTownCross YCbCr OldTownCross. Subfigure (a): FCPQ. Subfigure (b):
10-bit 4:4:4 HD sequence (RA). AdaptiveQP (both coded with initial Q = 37 and RA).
« URAQ uniformly quantizes transform coefficients based on a QStep/QP (see Figure 1) without taking into
account the perceptual characteristics of luma and chroma sample data in a Coding Unit (CU) [1]. PQ., =0 +| 6xlog,(B) (5)
« Bits are, therefore, wasted on perceptually insignificant luma and chroma pixel regions. URQ is not a r= 1+min(02Cr’Z), z=1,....,4 (11)
perceptually optimized quantization technique, which constitutes a significant drawback.
PQ. =0+ [6 xlog, (R)] (6) | e
lo = 2 (12)
f-b+t <
| | B — Cb (7)
AdaptiveQP in HEVC b+f 1,
PQ ., — CB-level perceptual chroma Cb QP.
R fr+it, (8) PQ., — CB-level perceptual chroma Cr QP.
oy f-t B — Normalized spatial activity in a chroma Cb CB.
QT Depths 0-2 cU cuU Cr R — Normalized spatial activity in a chroma Cr CB.
1 2 b — Non-normalized spatial activity in a chroma Cb CB.
LCU 64x64 b=1+ min(aza),k), k=1,....,4 (9) r — Non-normalized spatial activity in a chroma Cr CB.
2N ] t-,, — Mean spatial activity for all 2N x 2N chroma Cb CBs.
To CcU CU N | . t-, — Mean spatial activity for all 2N x 2N chroma Cr CBs.
3 4 t,=——) b
CU 16x16 ¢ C, 2,50 (10)
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 FCPQ is CB-level perceptual quantization technique in HEVC for YCbCr 4:4:4 and RGB video data.

Figure 2: In AdaptiveQP, the 2N X 2N CUs at QuadTree (QT) depth levels 0-2 are partitioned into four N X N CUs, where N=32 * FCPQ computes the variances (_)f JER d?ta in all three CBs '_n. a CU. See equations (5)-(12). _
(level 0), N=16 (level 1) or N=8 (level 2). Each CU is then partitioned into four sub-blocks [1].  The CB-level chroma QPs are signaled in the PPS by exploiting the CU-level QP offset technique [4].

« Bitrates are significantly decreased (See Figure 3) without affecting perceptual quality (see Figure 4).

Table 1: Average bitrate and PSNR (dB) percentage differences over QPs = {22,27,32,37} attained by FCPQ compared with AdaptiveQP

PQY =0+ |:6 X 10g2 (L)] (1) on six YCbCr 4:4:4 and six RGB sequences. The All Intra test results are on the left and the Random Access test results are on the right.
FCPQ versus AdaptiveQP - Bitrate (%) and PSNR dB (%) — All Intra FCPQ versus AdaptiveQP - Bitrate (%) and PSNR dB (%) - Random Access
f * l + t PQY - CU-Ievel perceptual QP YCbCr4:4:4 i RGB YCbCr4:4:4 i RGB
L= i (2) Q — Frame-level QP. — | — f
l+ f . t.Y L . Normallzed Spatlal aCt|V|ty |n 3 Iuma CB Sequence Bitrate Y Cb Cr iBltrate G B R Sequence Bitrate Y Cb Cr iBltrate G B R
f_ Scallng faCtOr (default QP adaptathn range |n HM) BirdsinCage -25.9 0.0 -0.5 | -01 é -14.6 0.0 -0.9 0.0 BirdsinCage -12.6 0.0 0.0 0.0 é -8.3 0.0 0.0 0.1
l_ Non—normalized spatial activity in a Iuma CB DuckAndLegs -146 | -0.3 | -1.1 | -0.6 i -95 | -07 | -11 | -04 DuckAndLegs -124 | 0.2 0.1 0.0 i -9.8 0.0 0.0 0.1
f =2 (3) ty — Mean spatial aCtiVity for all 2N X 2N luma CBs. Kimono -255 | -0.5 | -1.2 | -0.5 i 238 | -07 | -18 | -1.0 Kimono -138 | 01 | -0.1 | 0.0 i -113 | 02 | 00 | -02
0-2Y,d_ Variance of pixels in sub-block d of a luma CB. OldTownCross -28.7 | -0.5 | -2.1 | -12 i -252 | -09 | -26 | -16 OldTownCross -286 | 03 | -0.3 | -0.1 i -214 | -0.1 | 02 | 00
ParkScene -184 | -05 | -1.2 | -0.6 E -16.6 -0.8 | -1.7 | -1.0 ParkScene -12.9 -0.1 0.0 -0.1 E -11.3 -0.2 0.0 -0.2
l == 1 -+ min(GzY J ), d — 1,,,,,,4 (4) Traffic -18.8 | -0.9 | -1.3 | -0.9 E -16.8 | -1.1 | -2.2 | -1.5 Traffic -116 | -0.6 | -0.2 | -0.3 E -9.3 | -06 | -0.4 | -0.7
_ . - . |  Best Overall Bitrate Reductions: 28.7% OldTownCross YCDbCr (Al) — See Table 1.
« AdaptiveQP S a Iuma-_based perceptua! quantlz_atlon tgchnlgue in JCT-VC HEVC HM [21. « Discussion: FCPQ attains superior bitrate reduction results when applied to high variance video data.
* Compared with URQ, it can decrease bitrates without incurring a loss of perceptual quality [3]. » Conclusion: Full color CB-level QP adjustment is superior to luma-only CU-level QP selection.
« AdaptiveQP increases or decreases the QP of an entire CU based on the variance of pixels in sub-block d .

_ _ _ , _ _ Future Work: JND-Based CB-level perceptual quantization of 4:4:4 high bit-depth video data.
of a Y Coding Block (CB) only, which constitutes a shortcoming. See equations (1)-(4) and Figure 2.
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