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Versatile Video Coding also known by its abbreviation “VVC” is an emerging International standard that is being developed by the Joint Video Experts Team (JVET) of the ITU-T Video Coding Experts Group (VCEG) and the ISO/IEC Moving Picture Experts Group (MPEG). At the 10™ JVET meeting in April 2018 after reviewing the
responses to the Call for Proposals (CfP) [1] issued in October 2017, 13 Core Experiments (CEs) were established to study proposed techniques. Among these Core Experiments, CE3 devoted to intra prediction and mode coding was one of the most long-running (it has been closed only at the 16™ JVET meeting in October 2019) and active in
terms of the number of tools studied. The CE3 work resulted in adopting a set of new tools into the VVC specification draft text [2] and the VVC Test Model (VIM) [3]. In this paper, we provide an overview of some video coding techniques related to the activity of CE3.

The focus of our work 1s mainly on such intra-prediction tools that distinguish VVC from its predecessors (e.g., AVC/H.264 [4] and HEVC/H.265 [5]). It is worth noting that a part of VVC intra prediction tools such as Cross-component linear model (CCLM) prediction [6], Matrix-based Intra Prediction (MIP) [7], Intra Subpartition (ISP)
coding mode [8], Multiple Reference Line (MRL) intra prediction [9] are thoroughly covered in already published works. Hence, these methods are out of the scope of this paper. Sections below describe directional and non-directional intra prediction modes designs, respectively.

Directional intra-prediction Reference sample filtering

Experimental results

Similar to HEVC, intra prediction in VVC has 2 filtering mechanisms applied to reference samples,
namely reference sample smoothing and interpolation filtering (see Fig. 3) [14]. Reference sample
smoothing applied only to integer-slope modes in luma blocks modifies reference samples by using the
finite 1impulse response filter [1, 2, 1]/4 that does not require multiplication operations and allows
keeping the design of integer-slope modes simple as compared to fractional-slope ones, which use an
interpolation filter. It 1s worth noting that such a design enables multiplication-free implementations of
“lazy” encoders if among directional modes, only horizontal, vertical and integer-slope modes are
checked. More detailed explanations on handling reference samples could be found in [15].

One of the tendencies observable for VVC as a whole 1s higher accuracy of the tools still used in
HEVC. It relates to the new coding structure, motion vector precision, and intra prediction where the
number of directional modes available for a given block 1s extended up to 65 against 33 HEVC
directions. In addition to accuracy increase, directional intra prediction is harmonized with the new
coding structure that enables blocks of both square and rectangular shapes.

In Table 1, we present the results obtained by VIM®6.0 reference software for All-Intra configuration as compared with HM-
16.20 1n accordance with the JVET Common Test Conditions (CTC) [20]. Although not only intra prediction tools contribute
to coding efficiency improvement, which overall value 1s appr. 24% for luma component, this table demonstrates the superior
compression performance of VVC for intra coding configuration. To analyze the impact of each intra prediction tools studied

. . P 1n this paper, a separate test for each evaluated tool.
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directions up to 93 in total

Non-directional intra prediction
DC mode

Design of an intra prediction mode that is considered to be the least complicated has to be kept
hardware-friendly for both square and rectangular blocks. In particular, division operation trivially
implemented by right-shift operation only for square shape can be an issue in the case of rectangular
shape. To skip this computationally complex operation, a couple of methods were proposed. Fig. 7
illustrates the technique adopted into VVC [19]. This solution, on the one hand, provides the design
consistent with HEVC and, on the other hand, naturally addresses the problem occurred in the case of
rectangular blocks by calculated a DC value only along a longer side
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