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Abstract

The JCT-VC established HEVC screen content coding test model 1 at its 17th meeting (March 27th to April 4th, 2014, Valencia, Spain). This document serves as a source of general tutorial information and also provides an encoder-side description of test model 1.
1 Introduction 
The JCT-VC established HEVC screen content coding test model 1 (SCM 1) at its 17th meeting (March 27th to April 4th, 2014, Valencia, Spain). SCM 1 is based on the HEVC Range extensions test model 7 [1], with full picture intra block copy support and hash-based inter search added to the encoder. All the tools from HM-14.0 and HM-14.0-RExt-7.0 are also present in SCM 1, unless otherwise indicated. The SCM 1 decoder is identical to the HM-14.0-RExt-7.0 decoder. This document describes only the additional encoder aspects that are not present in HM-14.0 and HM-14.0-RExt-7.0. For an understanding of the encoder upon which SCM 1 is built, please refer to this document and the corresponding reference software, HEVC-14.0+RExt-7.0+SCM-1.0, which can be accessed via 

https://hevc.hhi.fraunhofer.de/svn/svn_HEVCSoftware/tags/HM-14.0+RExt-7.0+SCM-1.0/
2 Scope
This document provides an encoder-side description of the HEVC Screen content coding test model 1 (SCM 1), which serves as a tutorial for the encoding model implemented in the HM-RExt-SCM-1.0 software. The purpose of this document is to share a common understanding of the reference encoding methods supported in the HM-RExt-SCM software, in order to facilitate the assessment of the technical impact of the proposed new technologies during the standardization process. The common test conditions and software reference configurations that should be used for experimental work are described in [2].
3 Test model description

3.1 General overview

The only changes in SCM 1 with respect to the HEVC Range extensions test model 7 are in block vector search for intra block copy (Intra BC) and inter modes. The search method for the inter mode is modified to make it more suitable for screen content. For the Intra BC mode, the chroma SAD is used in the search for the optimal block vector. Additionally the search area for the block vectors for the intra BC and inter modes is expanded to include the entire picture.
3.2 Intra BC block vector search
In order to evaluate the rate-distortion (RD) cost of using the Intra BC mode, for each CU, block matching (BM) is performed at the encoder to find the optimal block vector (BV). In SCM 1, first a local area search is performed. This is followed by a search over the entire picture for certain CU sizes.

3.2.1 Local block vector search for Intra BC mode
Compared to HEVC Range extensions test model 7, the following modifications are made to the local block vector search in SCM 1. In order to find the optimal block vector from the local region, luma as well as chroma information is utilized. In the first step, the four best block vectors are selected according to their RD cost, where
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Note that only the SAD of the luma component is used in this step. In the second step, both the luma and chroma components are used in the calculation of the SAD for the four best block vectors selected from step 1. The block vector with the minimum RD cost is selected as the locally optimal block vector, 
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The RD cost corresponding to 
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3.2.2 Global vector search for Intra BC mode

In addition to the local search, the entire picture is searched for 8×8 and 16×16 blocks. If slices/tiles are used, instead of the entire picture, the current slice/tile is searched. For 16×16 blocks, only a one-dimensional search is conducted over the entire picture. This means that only the block vectors with at least one zero component are searched, i.e. the search is horizontal or vertical only. For 8×8 blocks, a hash-based search is used to speed up the full picture search. The bit-length of the hash table entry is 16. Each node in the hash table records the position of each block vector candidate in the picture. With the hash table, only the block vector candidates having the same hash entry value as that of the current block are examined. 
The 16-bit hash entries for the current block and the reference block are calculated using the original pixel values. Let Grad denote the gradient of an 8×8 block and let DC0, DC1, DC2 and DC3 denote the DC values of the four 4×4 sub-blocks of the 8×8 block. Then, the 16-bit hash entry H is calculated as

[image: image6.wmf])

MSB(Grad,4

4

MSB(DC3,3)

7

MSB(DC2,3)

10

MSB(DC1,3)

13

MSB(DC0,3)

H

+

<<

+

<<

+

<<

+

<<

=

,
where MSB(X, n) represents the n most significant bits of X.
For 8×8 and 16×16 blocks, let the block vector with the minimum RD cost corresponding to the full-picture search be denoted by 
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 are compared to choose the block vector with the minimum RD cost. 
3.3 Inter block search
Compared to the HEVC Range extensions test model 7, SCM 1 modifies the inter block search in two ways. The inter search is modified to adapt to the characteristics commonly found in screen content sequences. Furthermore, the inter block search is extended to the whole picture using hash-based techniques.
3.3.1 Inter search modification 
The inter search in HEVC Range extensions test model 7 is modified in the following three ways to better match with the characteristics of the screen content sequences.
· Multistage approximate SAD computation: To begin with, the SAD between the current block and the candidate block is computed using only 2 lines. This SAD value is normalized to account for the subsampling and the normalized SAD is used to calculate the RD cost. If the RD cost is greater than or equal to the best RD cost so far, the search moves on to the next candidate block. Otherwise, another SAD is calculated by taking two additional lines into account and the whole process is repeated. Thus, for a 16×16 block, SAD is computed based on 2 lines (0 and 8), 4 lines (0, 4, 8, and 12), 8 lines and 16 lines of the block.

· Modified initial search: Due to the non-monotonic error pattern exhibited by non-camera-captured sequences, the exponentially expanding diamond that is used in the HEVC Range extensions test model 7 is not efficient as it may either miss one of the best candidates or falsely infer the best candidate to be within the initial search region around the best predictor. Instead, in SCM 1, a uniform diamond pattern search is employed in a smaller search area around the best predictor to better capture the local minima.
In HEVC Range extensions test model 7, an initial block vector is derived from available predictors based on the minimum RD cost. Then, exponentially expanding diamonds up to size 64 are tested as candidates. Instead, in SCM 1, the search space is restricted to 
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 around the best predictor position. Then, this restricted search space is uniformly traversed with a step-size of 4 and fixed diamonds as shown in Figure 1. 

· Modified early skip detection: In HEVC Range extensions test model 7 fast inter search, the early skip is activated when the optimal motion vector for 2N×2N mode is (0, 0) or when the residual signal of merge motion vector is less than a threshold. In SCM 1, early skip detection is based only on the residual signal of the merge motion vector.
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Figure 1: Search candidates for the modified method
3.3.2 Hash-based inter search
Hash-based search is applied only to 2N×2N blocks. Eighteen bit hash based on original pixels is used. The first 2 bits are determined by the block size, e.g. 00 for 8x8, 01 for 16x16, 10 for 32x32, and 11 for 64x64. The remaining 16 bits are determined by the original pixels.

For one block, two hash values are calculated in a similar way but with different CRC truncated polynomials. The first hash value is used for retrieval and the second hash value is used to exclude some of the hash conflicts. The hash value is calculated as follows:

· For each row, calculate the 16-bit CRC value for all the pixels Hash[i].

· Group the row hash values together (Hash[0]Hash[1]…) and then calculate the 24-bit CRC value H.

· The lower 16 bits of H will be used as the lower 16 bits of hash value of the current block.

To avoid the scenario when one hash value corresponds to many entries, the blocks satisfying one of the following conditions are not added into the hash table

· There is only one pixel value in every row; or

· There is only one pixel value in every column.

After building the hash table, the motion search is performed as follows. For each 2N×2N block,

· Perform hash based search first.

· If hash match is found, skip the normal integer pixel motion search. Otherwise, perform normal integer pixel motion search.

Early termination based on hash search is also applied. If all of the following conditions are satisfied, the RD optimization process will be terminated without checking other modes and CU splitting.

· Hash match is found.

· The quality of the reference block is no worse than the expected quality of the current block (the QP of the reference block is no greater than the QP of the current block).

· Current CU depth is 0.
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