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Abstract

Delta QP is widely used in practice for perceptual quantization and rate control purposes. In the current design of HM 1.0, delta QP is sent only at LCU level i.e. once every 64x64 block. Hence the spatial granularity at which QP can change is reduced when compared to AVC which allows for signaling of delta QP at macroblock (16x16) level. The reduced granularity at which delta QP can be signaled in HM 1.0 impacts the visual quality performance of perceptual rate control techniques that adapt the QP based on the source content. This contribution proposes that delta QP is signaled at sub-LCU level to maintain the spatial granularity of signaling at the level supported by AVC (i.e. at 16x16 blocks). This contribution also presents syntax modifications for sub-LCU level signaling. It also proposes prediction methods for calculating delta QP at sub-LCU levels.
1 Introduction
Delta QP (dQP) is widely used in practice for perceptual quantization and rate control purposes. Table 1 below shows the percent of macroblocks with dQP != 0 in some example AVC movie trailer bitstreams. Around 12-30% of the macroblocks have dQP != 0.
Table 1: Percent macroblocks with dQP != 0 in AVC movie trailer streams.
	
	Percent macroblocks with dQP != 0 

	
	

	angelsanddemons-clip_h1080p.264.dat
	12.16%

	landofthelost-fte_h1080p.264.dat
	17.16%

	nightatthemuseum2-tlrd_h1080p.264.dat
	17.49%

	startrek-tlr3_h1080p.264.dat
	14.56%

	terminatorsalvation-4minclip_h1080p.264.dat
	16.52%

	thehangover-tlr2_h1080p.264.dat
	19.73%

	theproposal-tlr3_h1080p.264.dat
	21.21%

	toystory3-tlr1_h1080p.264.dat
	16.80%

	toystory3-tsr_h1080p.264.dat
	14.07%

	up-landing_h1080p.264.dat
	20.35%

	wolverine-clip_h1080p.264.dat
	18.21%

	 
	 

	angelsanddemons-clip_h480p.264.dat
	30.29%

	fantasticmrfox-tlra_h480p.264.dat
	14.79%

	landofthelost-fte_h480p.264.dat
	17.20%

	nightatthemuseum2-tlrd_h480p.264.dat
	27.54%

	startrek-tlr3_h480p.264.dat
	23.79%

	terminatorsalvation-4minclip_h480p.264.dat
	24.37%

	thehangover-tlr2_h480p.264.dat
	28.17%

	theproposal-tlr3_480p.264.dat
	30.16%

	toystory3-tlr1_h480p.264.dat
	18.67%

	up-landing_h480p.264.dat
	21.96%

	wolverine-clip_h480p.264.dat
	24.20%


In the current design of HM 1.0, delta QP is sent only at LCU level i.e. once every 64x64 block. Hence the spatial granularity at which QP can change is reduced when compared to AVC which allows for signaling of delta QP at macroblock (16x16) level. This reduction in granularity of delta QP signaling impacts the visual quality performance of perceptual rate control techniques that adapt the QP based on the source content. 
2 deltaQP signaling at sub-LCU level
We propose that deltaQP be signaled at sub-LCU level. Let minCUSizeDQP be the minimum CU size at which deltaQP is transmitted. To maintain the spatial granularity of signaling at the level supported by AVC, we suggest signaling of deltaQP at 16x16 or bigger size CUs i.e. minCUSizeDQP=16. We propose the following syntax modifications:

split_flag

if(split_flag == 0 && CUSize > minCUSizeDQP)
  deltaQP

else if(CUSize == minCUSizeDQP)

  deltaQP
To minimize the bitrate overhead, flags that signal whether block level QP is enabled or not can be signaled in sequence (SPS) and picture (PPS) or slice levels. Also minCUSizeDQP can be signaled in SPS/PPS/Slice level to increase or decrease spatial granularity at which deltaQP can be signaled.
3 deltaQP calculation
3.1 Method 1: 
delta QP is calculated as dQP = QPcurr – QPprev. QPprev is the QP of the previous CU (size greater than or equal to minCUSizeDQP) in the scanning order. This is an extension of delta QP calculation techniques used in existing video coding standards. Because of the transmission order of CUs in HEVC, this method results in transmission of more dQP != 0 than AVC as illustrated in Figure 1. Figure 1 shows an LCU of size 64x64 split into CUs of size 16x16. The LCU straddles two objects as shown in the figure. Let us assume that the QP value used to code object on the left (i.e. pink object) has value QPL and that the object on the right (i.e. blue object) has QP value of QPR. If AVC scan order (raster scan order of macroblocks) is used, each row of CU would have had one QP change resulting in a total of four QP changes to be transmitted. Now if the HEVC scan order is used as shown in Figure 1, there will be a total of six QP changes: CU0(CU1, CU1(CU2, CU2(CU3, CU8(CU9, CU9(CU10, and CU10(CU11. So HEVC scan order requires 50% more QP changes to be transmitted in this particular example when compared to AVC scan order.
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3.2      Method 2: 

In Method 2, we use four left predictors, one for each row of 16x16 pixels. Delta QPs are calculated as shown in Figure 2. QPA, QPB, QPC, QPD denote left predictors. Only four QP changes need to be transmitted: CU0(CU1, CU2(CU3, CU8(CU9, CU10(CU11.
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Table 2 below shows the percent reduction in the number of delta QP != 0 that need to be transmitted when using Method 2 when compared to Method 1.

Table 2

	 
	Number of MBs with dQP != 0
	Percent reduction in number of dQP != 0 to be transmitted

	
	Method 1:

dQP = QP of Current CU - QP of previous CU in scanning order
	Method 2: dQP with four left predictors
	

	angelsanddemons-clip_h1080p.264.dat
	1500405
	1268181
	15.48%

	landofthelost-fte_h1080p.264.dat
	6886138
	5433649
	21.09%

	nightatthemuseum2-tlrd_h1080p.264.dat
	4015368
	3536702
	11.92%

	startrek-tlr3_h1080p.264.dat
	3004244
	2549198
	15.15%

	terminatorsalvation-4minclip_h1080p.264.dat
	6120057
	5124034
	16.27%

	thehangover-tlr2_h1080p.264.dat
	4523347
	3850661
	14.87%

	theproposal-tlr3_h1080p.264.dat
	5143718
	4355799
	15.32%

	toystory3-tlr1_h1080p.264.dat
	5697653
	4471910
	21.51%

	toystory3-tsr_h1080p.264.dat
	3791620
	2834146
	25.25%

	up-landing_h1080p.264.dat
	6588586
	5171437
	21.51%

	wolverine-clip_h1080p.264.dat
	4430018
	3703911
	16.39%

	 
	 
	 
	 

	angelsanddemons-clip_h480p.264.dat
	605150
	532262
	12.04%

	fantasticmrfox-tlra_h480p.264.dat
	1029586
	741721
	27.96%

	landofthelost-fte_h480p.264.dat
	1390488
	1071691
	22.93%

	nightatthemuseum2-tlrd_h480p.264.dat
	1073047
	942741
	12.14%

	startrek-tlr3_h480p.264.dat
	825092
	711681
	13.75%

	terminatorsalvation-4minclip_h480p.264.dat
	1534850
	1292055
	15.82%

	thehangover-tlr2_h480p.264.dat
	1085183
	930531
	14.25%

	theproposal-tlr3_480p.264.dat
	1174542
	1023935
	12.82%

	toystory3-tlr1_h480p.264.dat
	1094610
	836090
	23.62%

	up-landing_h480p.264.dat
	1238844
	941870
	23.97%

	wolverine-clip_h480p.264.dat
	1003032
	846080
	15.65%


4 Conclusions
Delta QP is widely used in practice for perceptual quantization and rate control purposes. In the current design of HM 1.0, delta QP is sent only at LCU level i.e. once every 64x64 block. Hence the spatial granularity at which QP can change is reduced when compared to AVC which allows for signaling of delta QP at macroblock (16x16) level. This reduction in granularity of delta QP signaling impacts the visual quality performance of perceptual rate control techniques that adapt the QP based on the source content. This contribution proposes that delta QP is signaled at sub-LCU level. We recommend starting an AhG activity on Delta QP transmission and subsequently include delta QP support at sub-LCU level in HM software.
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