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Abstract

This contribution reports the experimental results of QP prediction based on intra prediction, which is test 2.3.g of CE4 Subtest 2. This technology was originally proposed in the contributions of JCTVC-E198/E215 at the 5th JCT-VC meeting, and it introduced QP prediction based on the intra prediction direction. The experimental results show that the proposed QP prediction based on intra prediction achieves 0.4% BD-rate reduction for both AI_HE and AI_LC configurations on average under the test condition defined in CE4 Subtest 2.
1 Introduction
The DeltaQP signalling at sub-LCU level was adopted at the 5th JCT-VC meeting, while there were several contributions presented to introduce alternative QP prediction methods. QP prediction based on intra prediction, originally proposed in JCTVC-E198/E215, is one of them, and it introduces QP prediction based on intra prediction direction [1][2].
2 Algorithm description
The concept of the proposed QP prediction can simply be described as follows.

If a subimage PD in a frame F is well-predictable from another subimage PS in the frame F, the QP value applied for the subimage PD should be the same as that applied for the subimage PS.

The proposed method leverages intra prediction information to derive PS. Prediction is performed on a PU basis and QP is assigned to a set of CUs, which is referred to as quantization group of coding units in the current WD [3] and hereafter denoted as QU in this contribution. Therefore, it should be defined which PU is employed for QP prediction. For simplification, the proposed method employs the top-left-most PU (TLPU) of each QU for QP prediction as shown in Figure 1.
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Figure 1: PU employed for QP prediction.
For simplification, the proposed methods divide intra prediction directions into two groups as shown in Figure 2, and an approximate intra prediction direction will be derived from an intra prediction direction of a TLPU. If the approximate intra prediction direction of the current TLPU is upward, the QP value of the above neighbouring QU is assigned to the predicted QP. If the approximate intra prediction direction of the current TLPU is leftward, the QP value of left neighbouring QU is assigned to the predicted QP. Otherwise, i.e. for DC/planar prediction or PCM coding, the QP prediction defined in WD3 is used in order to preserve bitrate controllability. Detailed textual algorithm description in the form of WD text is shown in Appendix A.
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Figure 2: QP prediction based on intra prediction.
3 Experiment
3.1 Setup

The proposed QP prediction algorithm has been implemented into the base software for CE4 Subtest 2 [4]. Experiments to evaluate performance of the proposed method were conducted under the CE4 Subtest 2 test conditions [4], with all applicable MinCUDQPSize values, i.e. 8x8, 16x16, 32x32 and 64x64.

Our computing platform used for the experiments is shown below.

· OS: Windows 7 Professional 64-bit

· CPU: Intel Xeon X5680 3.46GHz, 6 physical cores x 2 CPUs (12 cores in total)

· Memory: 32GiB

It should be noted that individual decoding/encoding time can be significantly varied since the CPU have automated over-clocking functionality and I/O speed varies by 12 processes running in parallel.
3.2 Results

Tables 1-5 show the summary of experimental results. Tables 2, 3, 4 and 5 show the summary of experimental results with MinCUDQPSize = 8x8, 16x16, 32x32 and 64x64, respectively. The brief summary of them is shown in Table 1. More detailed results are shown in the attached spreadsheets.
Table 1: Brief summary results of test 2.3.g vs. CE4 anchor.

	MinCUDQP
	BD-rates

	
	AI HE
	AI LC
	RA HE
	RA LC
	LB HE
	LB LC

	8x8
	-0.40 
	-0.37 
	-0.16 
	-0.18 
	-0.09 
	-0.12 

	16x16
	-0.19 
	-0.17 
	-0.07 
	-0.08 
	-0.06 
	-0.07 

	32x32
	-0.06 
	-0.06 
	-0.02 
	-0.04 
	0.01 
	-0.03 

	64x64
	-0.02 
	-0.02 
	-0.01 
	-0.01 
	0.03 
	-0.02 

	
	
	
	
	
	
	

	MinCUDQP
	dQP code amount ratio

	
	AI HE
	AI LC
	RA HE
	RA LC
	LB HE
	LB LC

	8x8
	-10.8%
	-10.0%
	-4.1%
	-4.5%
	-1.8%
	-2.2%

	16x16
	-10.1%
	-9.3%
	-3.1%
	-3.3%
	-1.4%
	-1.8%

	32x32
	-7.9%
	-7.6%
	-1.8%
	-2.0%
	-0.9%
	-1.1%

	64x64
	-5.4%
	-5.5%
	-1.0%
	-1.0%
	-0.6%
	-0.6%


Table 2: Summary results of test 2.3.g vs. CE4 anchor with MinCUDQPSize = 8x8.

	　
	All Intra HE
	All Intra LC

	
	Y BD-rate
	U BD-rate
	V BD-rate
	dQP incr.
	Y BD-rate
	U BD-rate
	V BD-rate
	dQP incr.

	Class A
	-0.2 
	-0.2 
	-0.2 
	-6.2%
	-0.2 
	-0.2 
	-0.2 
	-5.9%

	Class B
	-0.3 
	-0.3 
	-0.3 
	-9.9%
	-0.3 
	-0.3 
	-0.3 
	-9.0%

	Class C
	-0.4 
	-0.4 
	-0.4 
	-11.7%
	-0.4 
	-0.4 
	-0.4 
	-11.1%

	Class D
	-0.4 
	-0.4 
	-0.4 
	-10.8%
	-0.4 
	-0.4 
	-0.4 
	-10.8%

	Class E
	-0.8 
	-0.8 
	-0.8 
	-17.0%
	-0.6 
	-0.6 
	-0.6 
	-14.9%

	All
	-0.4 
	-0.4 
	-0.4 
	-10.8%
	-0.4 
	-0.4 
	-0.4 
	-10.0%

	Enc Time[%]
	100%
	100%

	Dec Time[%]
	101%
	102%

	
	
	
	
	
	
	
	
	

	　
	Random Access HE
	Random Access LC

	
	Y BD-rate
	U BD-rate
	V BD-rate
	dQP incr.
	Y BD-rate
	U BD-rate
	V BD-rate
	dQP incr.

	Class A
	-0.1 
	-0.3 
	0.0 
	-2.5%
	-0.1 
	0.0 
	-0.1 
	-2.7%

	Class B
	-0.2 
	-0.1 
	-0.2 
	-4.4%
	-0.2 
	-0.2 
	-0.2 
	-4.6%

	Class C
	-0.2 
	-0.2 
	-0.2 
	-5.5%
	-0.3 
	-0.1 
	-0.2 
	-5.9%

	Class D
	-0.1 
	0.1 
	0.0 
	-4.2%
	-0.2 
	-0.2 
	-0.3 
	-4.8%

	Class E
	　
	　
	　
	　
	　
	　
	　
	　

	All
	-0.2 
	-0.1 
	-0.1 
	-4.1%
	-0.2 
	-0.1 
	-0.2 
	-4.5%

	Enc Time[%]
	101%
	100%

	Dec Time[%]
	101%
	101%

	
	
	
	　
	
	
	
	
	

	　
	Low delay B HE
	Low delay B LC

	
	Y BD-rate
	U BD-rate
	V BD-rate
	dQP incr.
	Y BD-rate
	U BD-rate
	V BD-rate
	dQP incr.

	Class A
	　
	　
	　
	　
	　
	　
	　
	　

	Class B
	-0.1 
	0.0 
	0.0 
	-1.7%
	-0.1 
	0.0 
	0.0 
	-2.2%

	Class C
	-0.1 
	-0.1 
	-0.1 
	-2.6%
	-0.2 
	0.0 
	-0.3 
	-3.3%

	Class D
	-0.1 
	0.0 
	0.1 
	-1.7%
	-0.2 
	0.1 
	-0.3 
	-2.1%

	Class E
	-0.1 
	1.0 
	1.0 
	-1.2%
	0.0 
	0.0 
	-0.2 
	-1.0%

	All
	-0.1 
	0.2 
	0.2 
	-1.8%
	-0.1 
	0.0 
	-0.2 
	-2.2%

	Enc Time[%]
	100%
	100%

	Dec Time[%]
	100%
	102%


Table 3: Summary results of test 2.3.g vs. CE4 anchor with MinCUDQPSize = 16x16.

	　
	All Intra HE
	All Intra LC

	
	Y BD-rate
	U BD-rate
	V BD-rate
	dQP incr.
	Y BD-rate
	U BD-rate
	V BD-rate
	dQP incr.

	Class A
	-0.1 
	-0.1 
	-0.1 
	-5.1%
	-0.1 
	-0.1 
	-0.1 
	-4.9%

	Class B
	-0.2 
	-0.2 
	-0.2 
	-9.5%
	-0.1 
	-0.1 
	-0.1 
	-8.5%

	Class C
	-0.2 
	-0.2 
	-0.1 
	-10.5%
	-0.2 
	-0.2 
	-0.2 
	-10.3%

	Class D
	-0.1 
	-0.1 
	-0.1 
	-8.7%
	-0.1 
	-0.1 
	-0.1 
	-9.0%

	Class E
	-0.5 
	-0.5 
	-0.5 
	-18.7%
	-0.4 
	-0.4 
	-0.4 
	-15.6%

	All
	-0.2 
	-0.2 
	-0.2 
	-10.1%
	-0.2 
	-0.2 
	-0.2 
	-9.3%

	Enc Time[%]
	100%
	100%

	Dec Time[%]
	102%
	105%

	
	
	
	
	
	
	
	
	

	　
	Random Access HE
	Random Access LC

	
	Y BD-rate
	U BD-rate
	V BD-rate
	dQP incr.
	Y BD-rate
	U BD-rate
	V BD-rate
	dQP incr.

	Class A
	-0.1 
	0.1 
	-0.2 
	-1.8%
	-0.1 
	-0.1 
	0.0 
	-1.9%

	Class B
	-0.1 
	-0.2 
	0.0 
	-3.5%
	-0.1 
	-0.1 
	-0.1 
	-3.7%

	Class C
	-0.1 
	0.0 
	-0.1 
	-4.1%
	-0.1 
	-0.1 
	-0.2 
	-4.3%

	Class D
	0.0 
	-0.1 
	-0.1 
	-2.8%
	-0.1 
	-0.1 
	-0.1 
	-3.2%

	Class E
	　
	　
	　
	　
	　
	　
	　
	　

	All
	-0.1 
	-0.1 
	-0.1 
	-3.1%
	-0.1 
	-0.1 
	-0.1 
	-3.3%

	Enc Time[%]
	101%
	100%

	Dec Time[%]
	101%
	101%

	
	
	
	　
	
	
	
	
	

	　
	Low delay B HE
	Low delay B LC

	
	Y BD-rate
	U BD-rate
	V BD-rate
	dQP incr.
	Y BD-rate
	U BD-rate
	V BD-rate
	dQP incr.

	Class A
	　
	　
	　
	　
	　
	　
	　
	　

	Class B
	-0.1 
	-0.2 
	0.0 
	-1.5%
	-0.1 
	-0.1 
	-0.1 
	-1.8%

	Class C
	-0.1 
	-0.1 
	-0.2 
	-2.0%
	-0.1 
	-0.1 
	-0.1 
	-2.5%

	Class D
	0.0 
	-0.1 
	0.0 
	-1.1%
	-0.1 
	-0.2 
	-0.1 
	-1.6%

	Class E
	-0.1 
	-0.3 
	0.5 
	-0.9%
	0.0 
	-0.1 
	-0.1 
	-1.0%

	All
	-0.1 
	-0.2 
	0.1 
	-1.4%
	-0.1 
	-0.1 
	-0.1 
	-1.8%

	Enc Time[%]
	100%
	100%

	Dec Time[%]
	101%
	101%


Table 4: Summary results of test 2.3.g vs. CE4 anchor with MinCUDQPSize = 32x32.

	　
	All Intra HE
	All Intra LC

	
	Y BD-rate
	U BD-rate
	V BD-rate
	dQP incr.
	Y BD-rate
	U BD-rate
	V BD-rate
	dQP incr.

	Class A
	0.0 
	0.0 
	0.1 
	-3.2%
	0.0 
	0.0 
	0.0 
	-3.2%

	Class B
	-0.1 
	-0.1 
	0.0 
	-7.4%
	-0.1 
	0.0 
	0.0 
	-6.7%

	Class C
	0.0 
	0.0 
	0.0 
	-8.1%
	0.0 
	0.0 
	0.0 
	-8.3%

	Class D
	0.0 
	0.0 
	0.0 
	-5.7%
	0.0 
	0.0 
	0.0 
	-6.5%

	Class E
	-0.2 
	-0.2 
	-0.2 
	-17.7%
	-0.2 
	-0.2 
	-0.2 
	-15.5%

	All
	-0.1 
	-0.1 
	0.0 
	-7.9%
	-0.1 
	-0.1 
	-0.1 
	-7.6%

	Enc Time[%]
	99%
	99%

	Dec Time[%]
	100%
	99%

	
	
	
	
	
	
	
	
	

	　
	Random Access HE
	Random Access LC

	
	Y BD-rate
	U BD-rate
	V BD-rate
	dQP incr.
	Y BD-rate
	U BD-rate
	V BD-rate
	dQP incr.

	Class A
	0.0 
	-0.1 
	-0.1 
	-1.0%
	-0.1 
	-0.1 
	0.0 
	-1.2%

	Class B
	0.0 
	0.0 
	-0.1 
	-2.3%
	-0.1 
	0.0 
	0.0 
	-2.5%

	Class C
	0.0 
	0.0 
	0.0 
	-2.4%
	0.0 
	0.0 
	0.0 
	-2.6%

	Class D
	0.0 
	-0.1 
	0.0 
	-1.4%
	0.0 
	0.0 
	0.0 
	-1.7%

	Class E
	　
	　
	　
	　
	　
	　
	　
	　

	All
	0.0 
	0.0 
	-0.1 
	-1.8%
	0.0 
	0.0 
	0.0 
	-2.0%

	Enc Time[%]
	100%
	101%

	Dec Time[%]
	100%
	101%

	
	
	
	　
	
	
	
	
	

	　
	Low delay B HE
	Low delay B LC

	
	Y BD-rate
	U BD-rate
	V BD-rate
	dQP incr.
	Y BD-rate
	U BD-rate
	V BD-rate
	dQP incr.

	Class A
	　
	　
	　
	　
	　
	　
	　
	　

	Class B
	0.0 
	0.1 
	0.1 
	-1.1%
	0.0 
	0.0 
	-0.2 
	-1.3%

	Class C
	0.0 
	0.0 
	-0.1 
	-1.3%
	-0.1 
	0.2 
	0.1 
	-1.6%

	Class D
	0.0 
	0.2 
	-0.5 
	-0.5%
	0.0 
	0.0 
	0.0 
	-0.9%

	Class E
	0.1 
	0.1 
	1.1 
	-0.4%
	0.0 
	0.0 
	-0.2 
	-0.5%

	All
	0.0 
	0.1 
	0.1 
	-0.9%
	0.0 
	0.1 
	-0.1 
	-1.1%

	Enc Time[%]
	101%
	100%

	Dec Time[%]
	101%
	101%


Table 5: Summary results of test 2.3.g vs. CE4 anchor with MinCUDQPSize = 64x64.

	　
	All Intra HE
	All Intra LC

	
	Y BD-rate
	U BD-rate
	V BD-rate
	dQP incr.
	Y BD-rate
	U BD-rate
	V BD-rate
	dQP incr.

	Class A
	0.0 
	0.0 
	0.1 
	-1.7%
	0.0 
	0.0 
	0.0 
	-1.8%

	Class B
	0.0 
	0.0 
	0.0 
	-5.1%
	0.0 
	0.0 
	0.0 
	-4.7%

	Class C
	0.0 
	0.0 
	0.0 
	-6.1%
	0.0 
	0.0 
	0.0 
	-6.8%

	Class D
	0.0 
	0.0 
	0.0 
	-1.8%
	0.0 
	0.0 
	0.0 
	-2.1%

	Class E
	-0.1 
	-0.1 
	0.0 
	-15.0%
	-0.1 
	-0.1 
	-0.1 
	-14.9%

	All
	0.0 
	0.0 
	0.0 
	-5.4%
	0.0 
	0.0 
	0.0 
	-5.5%

	Enc Time[%]
	99%
	99%

	Dec Time[%]
	99%
	98%

	
	
	
	
	
	
	
	
	

	　
	Random Access HE
	Random Access LC

	
	Y BD-rate
	U BD-rate
	V BD-rate
	dQP incr.
	Y BD-rate
	U BD-rate
	V BD-rate
	dQP incr.

	Class A
	0.0 
	-0.2 
	-0.1 
	-0.6%
	0.0 
	0.0 
	0.0 
	-0.7%

	Class B
	0.0 
	0.0 
	0.0 
	-1.3%
	0.0 
	0.0 
	0.0 
	-1.4%

	Class C
	0.0 
	-0.1 
	-0.1 
	-1.3%
	0.0 
	0.0 
	0.0 
	-1.5%

	Class D
	0.0 
	0.0 
	0.0 
	-0.6%
	0.0 
	0.0 
	0.0 
	-0.5%

	Class E
	　
	　
	　
	　
	　
	　
	　
	　

	All
	0.0 
	-0.1 
	0.0 
	-1.0%
	0.0 
	0.0 
	0.0 
	-1.0%

	Enc Time[%]
	100%
	99%

	Dec Time[%]
	100%
	99%

	
	
	
	　
	
	
	
	
	

	　
	Low delay B HE
	Low delay B LC

	
	Y BD-rate
	U BD-rate
	V BD-rate
	dQP incr.
	Y BD-rate
	U BD-rate
	V BD-rate
	dQP incr.

	Class A
	　
	　
	　
	　
	　
	　
	　
	　

	Class B
	0.0 
	0.0 
	-0.1 
	-0.6%
	0.0 
	0.0 
	0.0 
	-0.7%

	Class C
	0.0 
	0.0 
	0.0 
	-0.8%
	0.0 
	-0.1 
	0.0 
	-1.0%

	Class D
	0.0 
	0.1 
	-0.1 
	-0.5%
	0.0 
	-0.1 
	0.0 
	-0.4%

	Class E
	0.2 
	-0.4 
	-0.7 
	-0.4%
	0.0 
	0.2 
	-0.4 
	-0.3%

	All
	0.0 
	-0.1 
	-0.2 
	-0.6%
	0.0 
	0.0 
	-0.1 
	-0.6%

	Enc Time[%]
	100%
	100%

	Dec Time[%]
	100%
	99%


4 Conclusion
This contribution reports the experimental results of QP prediction based on intra prediction technique. The experimental results show that the proposed QP prediction method achieves 0.4% BD-rate reduction in both AI_HE and AI_LC configurations under the CE4 Subtest 2 test conditions. Therefore, it is recommended that the presented QP prediction based on intra prediction be incorporated into the HM.
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Appendix A: Proposed modification of HEVC Working Draft 3
The modified or added portions are highlighted with yellow colour.

A.1. Change of subclause 7.4.9 “Transform coefficient semantics”

cu_qp_delta can change the value of QPY specifies the difference between a luma quantisation parameter to be used and its prediction, for a quantisation group of coding units where the quantisation group of coding units is specified as follows:

· If a coding unit with the split_coding_unit_flag[ x0 ][ y0 ] equal to 0 and the log2CUSize is greater than or equal to log2MinCUDQPSize, the quantisation group includes this coding unit only.
· Otherwise, if a coding unit with the split_coding_unit_flag[ x0 ][ y0 ] equal to 1 and the log2CUSize is equal to log2MinCUDQPSize, the quantisation group includes all coding units split from this coding unit.
The decoded value of cu_qp_delta shall be in the range of –( 26+ QpBdOffsetY / 2 ) to +( 25+ QpBdOffsetY / 2 ), inclusive. cu_qp_delta shall be inferred to be equal to 0 when it is not present for any quantisation group of coding units.
The value of QPY is derived as

QPY = ( ( ( QPY,PREV + cu_qp_delta +52+ 2*QpBdOffsetY )%( 52 + QpBdOffsetY ) ) - QpBdOffsetY
(7‑21)
where QPY,PREV is the luma quantization parameter, QPY, of the left neighbor quantization group of coding units in the current slice. If the left neighbor quantization group in the current slice is not available, QPY,PREV is the luma quantization parameter, of the previous quantization group in decoding order in the current slice. For the first quantization group of coding units in the slice QPY,PREV is initially set equal to SliceQPY at the start of each slice.

The value of QP’Y is derived as

QP’Y = QPY + QpBdOffsetY

(7‑22)
A.2. Insertion of new subclause into clause 8.5
8.5.x
Derivation process for luma quantisation parameters
Inputs to this process are

–
a variable QpBdOffsetY,
–
a syntax element cu_qp_delta specifying the delta luma quantisation parameter of the current quantisation group of coding units relative to the top-left sample of the current picture,
–
a variable PredMode specifying the prediction mode of the top-left coding unit of the current quantisation group of coding units relative to the top-left sample of the current picture.

Outputs of this process are
–
luma quantisation parameters QPY and QP’Y.
Depending on PredMode, the following applies.

–
If PredMode is equal to MODE_INTRA, quantisation parameter prediction process as specified in subclause 8.5.x.2 is invoked with the output being the reference quantisation parameter QPY, PRED.

–
Otherwise, default quantisation parameter prediction process as specified in subclause 8.5.x.1 is invoked with the output being the reference quantisation parameter QPY, PRED. .
With QPY,PRED, the value of QPY is derived as

QPY = ( ( ( QPY,PRED + cu_qp_delta +52+ 2*QpBdOffsetY )%( 52 + QpBdOffsetY ) ) - QpBdOffsetY
(8‑xx1)
The value of QP’Y is derived as

QP’Y = QPY + QpBdOffsetY

(8‑xx2)
8.5.x.1

Default quantisation parameter prediction process
Output of this process is

–
the predicted quantisation parameter QPY, PRED.

The predicted quantisation parameter QPY, PRED is derived as follows.

–
If the left neighbouring quantisation group of coding units in the current slice is available, then QPY, PRED is set equal to the luma quantisation parameter of the left neighbouring quantisation group of coding units in the current slice.

–
Otherwise, QPY, PRED is set equal to QPY, PREV, where QPY,PREV is the luma quantisation parameter of the previous quantisation group of coding units in decoding order in the current slice. For the first quantisation group of coding units in the slice, QPY,PREV is initially set equal to SliceQPY at the start of each slice.

8.5.x.2

Quantisation parameter prediction process
Inputs to this process are

–
a variable intraPCMFlag specifying if the top-left coding unit of the current quantisation group of coding units is coded in PCM mode
–
a variable intraPredMode specifying the intra prediction mode of the top-left prediction unit of the current quantisation group of coding units relative to the top-left sample of the current picture.
Output of this process is

–
the predicted quantisation parameter QPY, PRED.

The rearranged intra prediction order intraPredOrder is derived as follows.

–
If one of the following conditions is true, intraPredOrder is set to 0.

· intraPCMFlag is equal to 1.
· intraPredMode is equal to 2 (Intra_DC).
–
Otherwise, if intraPredMode is equal to 0 (Intra_Vertical), intraPredOrder is set to 9.

–
Otherwise, if intraPredMode is equal to 1 (Intra_Horizontal), intraPredOrder is set to 25.

–
Otherwise, intraPredOrder is derived as specified in Table 8-6.

The predicted quantisation parameter QPY, PRED is derived as follows.

–
If intraPredOrder is more than 0 and less than 18, and the above neighbouring quantisation group of coding units in the current slice is available, then QPY, PRED is set equal to the luma quantisation parameter of the above neighbouring quantisation group of coding units in the current slice.

–
Otherwise, if intraPredOrder is equal to or more than 18, and the left neighbouring quantisation group of coding units in the current slice is available, then QPY, PRED is set equal to the luma quantisation parameter of the left neighbouring quantisation group of coding units in the current slice.

–
Otherwise, default quantisation parameter prediction process as specified in subclause 8.5.x.1 is invoked with the output being the reference quantisation parameter QPY, PRED.

Page: 7
Date Saved: 2011-06-30

_1370096647.vsd
MinCUDQPSize


MinCUDQPSize


Target PU


CU border


PU border



_1369813365.vsd
Refer above QU


Refer left QU


Refer left/previous QU (same as WD3)



