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Abstract
ISO/IEC MPEG (JTC 1/SC 29/WG 11) IVC group is studying the potential need for standardization of next generation IVC standard. This document is the description of Internet Video Coding Plus Test Model (ITM+) v1.0. It describes the coding features as enhanced video coding technology beyond the capabilities of IVC.
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[bookmark: _Toc383713008][bookmark: _Toc475093322][bookmark: _Toc310503778][bookmark: _Toc310543710][bookmark: _Toc323070228]Introduction
The 1st IVC+ test model (ITM+ v1.0) was approved by decisions taken at the 117th MPEG meeting in Geneva (16-20 January 2017). This document provides a description of techniques in ITM+ v1.0. The ITM+ v1.0 is build up on the top of the IVC test model (ITM16.0) [1]. The basic coding and decoding structure of IVC is kept unchanged in ITM+. The adopted coding techniques in ITM+ v1.0 are list as follows:
· Overlapped Block Motion Compensation (OBMC)
· Bi-directional prediction
[bookmark: _Toc475093323]Overlapped Block Motion Compensation (OBMC)
Overlapped block motion compensation (OBMC) is an inter tool which can get a more precise prediction result by making use of neighbouring motion information. The main point of OBMC is to compute a weighted mean for boundary pixels.
In IVC+, OBMC is applied to every 8x8 block using the same way of OBMC in H.263. Every pixel in prediction blocks is the weighted average of three prediction values. The left-above 4x4 prediction block in one 8x8 block is the weighted average of the prediction blocks using left, above and current motion vectors. The left-below 4x4 prediction block is the weighted average of the prediction blocks using left, below and current motion vectors. The right-above 4x4 prediction block is the weighted average of the prediction blocks using right, above and current motion vectors. The right-below 4x4 prediction block is the weighted average of the prediction blocks using right, below and current motion vectors. If the neighboring blocks are unavailable or are INTRA coded, the corresponding neighbouring motion vector is replaced by the motion vector of the current block.
Let’s denote prediction blocks based on motion vectors of two neighboring sub-blocks as PLR and PTB (PLR is based on the left or right neighboring MV, and PTB is based on the top or bottom neighboring MV) and denote the current prediction block as PC. WLR and WTB are the weighting factors of PLR and PTB. The final prediction block PF is the weighted sum of PLR, PTB and PC, as expressed in (1).

        (1)

The same OBMC weighting factors in H.263 are used in the OBMC of IVC+. The weighting factors of the current prediction block, the prediction block using above or below motion vectors, and the prediction block using left or right motion vectors are shown in Table 1, Table 2, and Table 3, respectively.
[bookmark: _Ref435480413][bookmark: _Ref472615598]Table 1: Weighting factors of the current prediction block
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[bookmark: _Ref472615617]Table 2: Weighting factors of the prediction using above or below motion vector
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[bookmark: _Ref472615619]Table 3: Weighting factors of the prediction using left or right motion vector
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In IVC+, OBMC is performed for all inter blocks by default. So there is no additional bit overhead. In addition, OBMC is applied both in motion compensation and motion estimation. More specifically, during motion estimation, OBMC is always applied to search best motion vector for each prediction block.

[bookmark: _Toc475093324]Bi-directional prediction
[bookmark: OLE_LINK78][bookmark: OLE_LINK79]In bi-directional prediction (BID), the bi-prediction block is generated by averaging two prediction blocks, which are derived from one forward motion vector (MV) and one backward MV. BID is only applied to the inter blocks in B picture. So BID only influences Random Access (RA) configuration.
[bookmark: OLE_LINK80][bookmark: OLE_LINK81][bookmark: OLE_LINK1][bookmark: OLE_LINK2]In IVC+, BID is applied to inter macroblocks in B picture. After independently obtaining one forward integer MV and one backward fractional MV by the traditional motion estimation, the process of bi-directional motion search is applied. First, the forward fractional MV is searched by minimizing the error between the original picture and the bi-prediction block. Secondly, the backward fractional motion vector is refined by minimizing the error between the original picture and the bi-prediction block.
In the fractional motion estimation of BID,  eight 1/2-pel positions surrounding the best integer point and eight 1/4-pel positions surrounding the best 1/2-pel positions are checked to get best fractional MV.
In IVC+, BID is signaled as an additional prediction direction besides Forward, Backward, and Symmetrical. The binarization schemes of mb_pred_type are shown in Table 4 and Table 5. In BID, two MVs are signaled in bit streams, including one forward MV and one backward MV. The MV prediction scheme in IVC is performed in coding two MVs to reduce the bit overhead.

[bookmark: _Ref475094883][bookmark: _Ref475094868]Table 4: Binarization of the syntax element mb_pred_type for B_16x16, B_16x8, and B_8x16 macroblocks
	MbPartPredMode
	Binarization of mb_pred_type

	Backward
	00

	Bidirectional
	01

	Forward
	10

	[bookmark: OLE_LINK3]Symmetrical
	11


[bookmark: _Ref475116150]Table 5: Binarization of the syntax element mb_pred_type for B_8x8 macroblock
	MbPartPredMode
	Binarization of mb_pred_type

	Bidirectional
	1

	Skip
	000

	Forward
	001

	Backward
	010

	Symmetrical
	011
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Annex A

Encoder Configurations in IVC+ Test Model

A. 1 [bookmark: _Toc383783377][bookmark: _Toc383783378][bookmark: _Toc383783379][bookmark: _Toc383713034][bookmark: _Toc475093326][bookmark: _Toc309972677][bookmark: _Toc310503799][bookmark: _Toc310543726][bookmark: _Toc323070246][bookmark: _Ref258697222][bookmark: _Ref19428144][bookmark: _Ref19428215][bookmark: _Ref19428326][bookmark: _Ref20133182][bookmark: _Ref20133187][bookmark: _Toc20134237]Constraint set 1, Random Access (RA) configuration 
For satisfying constraint set 1, structural delay of processing units is restricted to be no larger than 8-picture "group of pictures (GOPs)" and random access intervals is restricted to be 1.1 seconds or less. The encoder is configured as follows:
· IBBP coding structure
· Random access intervals are restricted to be 1.1 seconds or less.
· Fixed QP assignment: QP for I, QP+2 for P, QP+5 for B
· 5 forward reference pictures in P frame & 1 forward reference picture and 1 backward reference picture in B frame
· RD Optimization enabled
· Fast motion estimation (UMHexagon Search)
· RDOQ enabled

A. 2 [bookmark: _Toc383713035][bookmark: _Toc475093327][bookmark: _Toc309972678][bookmark: _Toc310503800][bookmark: _Toc310543727][bookmark: _Toc323070247][bookmark: _Ref258585669]Constraint set 2, Low Delay P (LDP) configuration 
For satisfying constraint set 2, no picture reordering is allowed between decoder processing and output, with bit rate fluctuation characteristics and no multi-pass encoding. The encoder is configured as follows:
· IPPP coding structure
· Fixed QP assignment: QP for I, QP+2 for P
· 8 forward reference pictures
· RD Optimization enabled
· Fast motion estimation (UMHexagon Search)
· RDOQ enabled
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