	[image: image3.png]


[image: image4.png]


Joint Collaborative Team on Video Coding (JCT-VC)

of ITU-T SG16 WP3 and ISO/IEC JTC1/SC29/WG11
5th Meeting: Geneva, CH, 16-23 March, 2011
	Document: JCTVC-E202r1


	Title:
	Support for Sub-LCU-Level QP in HEVC

	Status:
	Input Document to JCT-VC

	Purpose:
	Proposal

	Author(s) or
Contact(s):
	Masato Shima
Canon
Sung-Chang Lim
ETRI
Yu-Wen Huang
MediaTek 
Chong Soon Lim
Panasonic 
Kazushi Sato
Sony
Madhukar Budagavi
Texas Instruments Inc., USA
	Email:
Email:

Email:
Email:
Email:
Email:
	shima.masato@canon.co.jp
sclim@etri.re.kr

yuwen.huang@mediatek.com
ChongSoon.Lim@sg.panasonic.com
Kazushi.Sato@jp.sony.com
madhukar@ti.com

	Source:
	Canon, ETRI, MediaTek, Panasonic, Sony, TI


_____________________________
Abstract

Delta QP is widely used in practice for perceptual quantization and rate control purposes. In the current design of HM, 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. It is asserted that reduction in granularity of delta QP signaling in HEVC impacts visual quality performance of perceptual rate control techniques that adapt the QP based on the source content and rate control performance. Hence this joint contribution from multiple companies proposes that sub-LCU level QP control be supported in HEVC.
1 Necessity of Sub-LCU-Level QP in HEVC

In the past video coding standards like MPEG-2 or AVC, the value of QP can be changed macroblock-by-macroblock. It has been useful for controlling subjective quality as well as for avoiding HRD overflow in the actual product. Even in the reference software for video coding standardization it has been useful for RD performance improvement with the algorithm like RDOQ.
In HEVC [1] the concept of “coding unit” (CU) has been employed. Its role is similar to the one with macroblock-submacroblock in the past video coding standard like MPEG-2 or AVC. The main difference is that in the past standard the size of the macroblock is fixed to 16x16-pixels, while in HEVC the size of the largest coding unit (LCU) can be determined by the user and up to 64x64 pixels.

In the current HEVC draft, QP can be changed at Picture-level and Slice-level (according to the document) or at Slice-level and LCU-level (according to the HM software). 
However we would like it to be changed to Sub-LCU-level for subjective-quality-control, bitrate-control, and better RD performance using tools such as RDOQ [3] [5] [7].
1.1 Necessity for Subjective Quality Control
Although there are quite a few sophisticated QP-control algorithms within a frame, adaptive quantization in MPEG-2 TM-5 [4] is a traditional one. It applies lower QP for flat areas and higher QP for busy areas. 

The problem with QP-coding only at LCU-level is that a unit for QP control might have both flat area and busy area as the size of LCU gets larger, that makes subjective quality control difficult. Therefore having a finer unit for QP control should be necessary for HEVC. 
In the last meeting a question was raised as follows:

"Is 16x16 dQP really needed for ultra HD? It was already used for QCIF & CIF traditionally." 

However QCIF & CIF videos have been viewed with smaller displays like handy phones. For such smaller displays subjective quality control in spatial domain was not important. Recently people in the world enjoy HD-resolution videos with over-40-inches LCD displays. For such applications subjective quality control in spatial domain is important. 
One of the target applications with HEVC is beyond HD video (possibly with still larger displays) so subjective quality control in spatial domain would become still more important. 
1.1.1 Subjective quality result for HM-2.0 high efficiency low delay setting (QP=32)
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Figure 1: RaceHorses_832x480_30fps, B-slice, Frame-23 
QP 35, 20176 bits [Y 30.93
U 35.89
 V 36.31]
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Figure 2: Showing CU structure used for figure 1
1.2 Necessity for Bitrate Control

QP controlling function is also useful for avoiding HRD overflow. If QP can be determined only at 64x64-block level, the unit for this control would become coarser than the one in the existing codec like MPEG-2 or AVC, which makes rate control difficult. 

Having Sub-LCU-level QP setting will solve this problem.

In addition there are contributions to JCT-VC that propose slice-dividing at sub-LCU-level [2] and leaf-CU-aligned slices [8] [9]. Allowing QP change at sub-LCU-level is friendly to such slice syntax design.
1.3 Other Remarks

In addition to our contribution, there are 3 other contributions [11][12][13] from other companies on sub-LCU deltaQP
2 Suggested Work Plan
2.1 Software development

dQP support will be added on top of HM 3.0 software. The features that will be supported are:

· dQP calculation by using AVC-like technique: dQP = current CU QP – prev CU QP

· Support for minCUSizeDQP [JCTVC-D038] which controls the minimum CU size at which dQP is signaled. This feature will help in carrying out tests to determine the granularity at which dQP should be signaled.

· TM5 based QP adaptation [JCTVC-D308] for perceptual quantization

· Support for QP map input to HM software
MediaTek and Sony volunteer to create this initial version of the software based on the HM2.1 code that includes Sony’s modified dQP syntax according to JCTVC-D258 document.. It is suggested that a SVN branch be created for this work so that this software be used for future dQP work as a part of Quantization AhG/CE activity.
2.2 Evaluation criteria

2.2.1 Perceptual quality

The perceptual quality with and without sub-LCU level dQP will be evaluated. Perceptual quality with different values of minCUSizeDQP will be also tested.
2.2.2 BD-Rate
For determining the optimal schemes for prediction and signaling of dQP, the existing JCTVC-D600 common conditions [10] cannot be directly used since they use fixed QP. The following changes to the common conditions are suggested for deltaQP work:

· BD-Rate measurements will be carried out by using pre-determined QP maps that model typical QP changes

2.3 Core experiment establishment

It is recommended that a core experiment be established to study the following aspects of delta QP transmission:
· Spatial granularity at which to signal deltaQP
· Delta QP prediction from neighboring CU QP values
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