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This document serves as a source of general tutorial information on SHVC Test Model 6 (SHM6). 
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The HEVC scalable extension (SHVC) is currently being developed by the Joint Collaborative Team on Video Coding (JCT-VC) of ITU-T SG 16 WP 3 and ISO/IEC JTC 1/SC 29/WG 11. The normative decoding process of SHVC is specified in the SHVC draft text [1] and the SHM reference software is provided to demonstrate reference implementation of non-normative encoding techniques and normative decoding process. In addition, this document provides tutorial information for the SHVC test model, and describes key features of this standard.
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SHVC is the scalable extensions of HEVC which currently provide the following features:
· Temporal scalability,
· Coarse grain SNR scalability,
· Bit depth scalability,
· Spatial scalability,
· Interlaced-to-progressive scalability,
· Colour gamut scalability,
· Hybrid codec scalability,
· Combination of these scalabilities.
The design of HEVC enables temporal scalability when a hierarchical temporal prediction structure is used. Hence the JCTVC currently concentrates on developing tools to support bit depth, spatial, coarse grain SNR, interlaced-to-progressive, colour gamut and hybrid codec scalabilities in SHVC. These scalabilities are enabled using a layered approach in SHVC. A general block diagram of a three spatial layer SHVC encoder is depicted in Figure 2‑1. SHVC adopts the multi-loop decoding framework. Pictures in different layers in the same access unit are coded into the bitstream in an ascending order of layer indices. The original input pictures are downsampled and coded into the base layer (BL) bitstream by using a conformant HEVC or AVC codec. To code the enhancement layer (EL) pictures, the already coded data in the lower reference layer(s) are used for inter-layer prediction to improve EL coding efficiency. In SHVC, both reconstructed picture samples and motion parameters from the reference layer(s) can be used for inter-layer prediction. The inter-layer prediction mechanisms currently employed by SHVC are described in the following sub-sections.


[bookmark: _Ref347440988][bookmark: _Ref347440982]Figure 2‑1 High-level block diagram of an SHVC encoder.
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[bookmark: _Toc348629460][bookmark: _Toc348630614][bookmark: _Toc348631572][bookmark: _Toc348631851][bookmark: _Toc348632119][bookmark: _Toc348632859][bookmark: _Toc348633116]The design philosophy of the SHVC standard is to achieve high scalable coding efficiency using  a system architecture that requires only high level syntax changes to slice header level and above. In this way the SHVC architecture design is maximally aligned with the Multi-View extensions of HEVC (MV-HEVC) [2]. Therefore, the EL codec in SHVC does not allow low-level (block-level) changes to the single layer HEVC design. Instead, SHVC high-level syntax design has been modified in such a way that the collocated reconstructed pictures (resampled if necessary) from the reference layers (that is, reference layer pictures with the same POC value as that of the current picture) can be used as inter-layer reference pictures when coding the current enhancement layer picture. This allows inter-layer prediction to be carried out without any low level coding process changes. The highlighted blocks shown in Figure 2‑1 are used to generate the inter layer reference pictures, which mainly includes 3 modules: resampling process, colour mapping process and motion field mapping process. These blocks may be the only major additions necessary to support the SHVC codec.
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In SHVC, inter-layer texture prediction is invoked by including the inter-layer reference pictures from the reference layers (with resampling and colour mapping process performed if necessary), together with the temporal reference pictures, in the reference picture lists of the enhancement layer picture. At the Prediction Unit (PU) level, the signalled one or two reference picture indices are used to indicate whether the current PU is predicted from temporal reference pictures, from inter-layer reference pictures, or from a combination of both. When a PU is predicted from at least one inter-layer reference picture, there is a bitstream conformance constraint that requires the motion vectors associated with the inter-layer reference picture(s) to be zero.
The initial reference picture lists in SHVC are constructed as follows. For reference picture list 0 (L0), the inter layer reference picture(s) is inserted between the set of short-term temporal reference pictures with positive delta POC values (that is, forward temporal reference pictures) and the set of short-term temporal reference pictures with negative delta POC values (that is, backward temporal reference pictures). For reference picture list 1 (L1), the temporal references are first added into the reference list in the same manner as the initial reference picture list construction in HEVC. After that, the inter-layer reference picture(s) is added at the end of L1 as long term reference picture(s). The inter-layer reference picture(s) is added to the reference picture list L0 when the current enhancement-layer picture is coded as P-Slice, and is added to both reference picture lists L0 and L1 when the current enhancement-layer picture is coded as B-Slice. 
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In SHVC, inter-layer motion parameter prediction can be invoked by setting an inter-layer reference picture as the collocated reference picture for TMVP derivation. When spatial scalability is used between the current enhancement layer and its reference layer, motion field mapping process is performed to derive the motion field for the inter layer reference picture; no additional block level decoding process modification to TMVP derivation is needed at the enhancement layer.
In motion field mapping process, the motion field of the inter-layer reference picture is obtained based on the compressed motion field of the lower resolution reference layer picture. The motion parameters (including MVs and reference indices) and prediction mode for each 16×16 block of the inter-layer reference picture are derived from the corresponding motion parameters and prediction mode of the collocated block in the reference layer picture. The 16×16 block size is chosen to be compliant with the HEVC TMVP derivation process, where compressed motion field of 16×16 blocks of the temporal reference picture is used.
As shown in Figure 2‑2, where each grid in the enhancement layer (right) picture represents an 8×8 block and each grid in the reference (left) layer represent a 4×4 block, the collocated 16×16 block in the reference layer picture is derived as follows:
1. The collocated sample location of the center sample of the 16×16 block in the reference layer picture is denoted as ( xRL,  yRL ).
2. The location ( xRL, yRL ) is then rounded to align with a 16×16 block by using an offset of 4, as follows, 
xRL  = ( ( xRL + 4 ) >> 4 ) << 4 	(2‑1)
yRL  = ( ( yRL + 4 ) >> 4 ) << 4	(2‑2)
As shown in Figure 2‑2, the values of ( xRL, yRL ) are rounded to align with a 16×16 block with top-left location indicated by 1, 2, 3 or 4.
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[bookmark: _Ref366856973]Figure 2‑2 Derivation of collocated 16×16 block in refrence layer
In SHVC, inter-layer motion parameter prediction is disabled between the reference layer and the current layer, when the reference layer is the base layer and is coded using a non-HEVC codec.
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[bookmark: _Toc348629466][bookmark: _Toc348630620][bookmark: _Toc348631578][bookmark: _Toc348631857][bookmark: _Toc348632125][bookmark: _Toc348632865][bookmark: _Toc348633122]SHVC uses the same inter layer prediction mechanism for both spatial scalability and SNR scalability. The only difference is that motion and texture information are resampled for inter-layer prediction in case of different resolutions between the layers. SHVC supports a generalized relation between two layers, including arbitrary spatial ratio and cropping mode. When cropping mode is enabled, picture of a lower layer may correspond to a cropped area of the higher layer picture, or vice versa. For colour gamut scalability, SHVC applies the colour mapping process to the reconstructed reference layer samples as part of the inter layer reference picture derivation process to achieve high coding efficiency.
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This section introduces the informative downsampling process in the SHVC reference software, which is used to generate the lower layer input video sequences from the enhancement layer input video sequences.
Figure 2‑3 (a) and (b) show the relative sampling grids of the current enhancement layer picture and the reference layer picture for ratio 2 spatial scalability, where, white squares, white triangles, blue circles and blue triangles represent enhancement layer luma samples, enhancement layer chroma samples, reference layer luma samples, and reference layer chroma samples, respectively. Both the enhancement layer and reference layer video sequences are assumed to be in YUV4:2:0 format. As shown in the figure, SHVC support two sample grid alignment schemes between layers: zero position alignment (in Figure 2‑3 (a)) and central position alignment (Figure 2‑3 (b)). When zero position alignment is used, the locations of the luma sample grids of the two layers are aligned at the top-left sample position of the pictures. When center position alignment scheme is used, the locations of the luma sample grids of the two layers are aligned at the center sample position of the pictures. A flag is signalled in VPS extension to indicate which alignment scheme is used.


				
[bookmark: _Ref348006050](a) Zero position alignment						(b) Center position alignment
Figure 2‑3 Sampling grids location between the current layer picture and the reference layer picture for 2x spatial ratio
To generate lower resolution pictures, 12-tap, 2D separable downsampling filters are applied to the higher resolution pictures. The downsampling filter coefficients are shown in Table 2‑1 and Table 2‑2, where filter coefficients in Table 2‑1 are used for downsampling ratios in the range of  (5/4, 5/3], and filter coefficients in Table 2‑2 are used for downsampling ratios in the range of (5/3, 2]. Filter coefficients for downsampling ratios beyond these ranges are not available currently, and need to be further developed. The same downsampling filters are applied to luma and to chroma components. For each sample location (x, y) in the lower resolution picture, the collocated fractional sample location in the higher resolution picture is derived and quantized to 1/16 pixel accuracy. Then the filters corresponding to the quantized fractional position are selected from Table 2‑1 or Table 2‑2 and applied in cascade, first in the horizontal dimension and then in the vertical dimension. 
This informative process with zero position alignment is used to generate the two layer inputs in SHVC common test conditions for ratio 1.5 and ratio 2 spatial scalability. For ratio 1.5, 4 filters from Table 2‑1 are used. For ratio 2, only  2 filters from Table 2‑2 are used.
Additional detailed information on the derivation of filter coefficients can be found in [3] and information on the downsampling process, including the source code, can be found in [4].
[bookmark: _Ref348371459]Table 2‑1 –Downsampling filter coefficients for ratios in the range of (5/4, 5/3]
	phase i
	Downsampling filter coefficients

	
	f15[i,0]
	f15[i,1]
	f15[i,2]
	f15[i,3]
	f15[i,4]
	f15[i,5]
	f15[i,6]
	f15[i,7]
	f15[i,8]
	f15[i,9]
	f15[i,10]
	f15[i,11]

	0
	 0
	5
	–6
	–10
	37
	76
	37
	–10
	–6
	5
	0
	0

	1
	 0
	5
	–4
	–11
	33
	76
	40
	–9
	–7
	5
	0
	0

	2
	–1
	5
	–3
	–12
	29
	75
	45
	–7
	–8
	5
	0
	0

	3
	–1
	4
	–2
	–13
	25
	75
	48
	–5
	–9
	5
	1
	0

	4
	–1
	4
	–1
	–13
	22
	73
	52
	–3
	–10
	4
	1
	0

	5
	–1
	4
	0
	–13
	18
	72
	55
	–1
	–11
	4
	2
	–1

	6
	–1
	4
	1
	–13
	14
	70
	59
	2
	–12
	3
	2
	–1

	7
	–1
	3
	1
	–13
	11
	68
	62
	5
	–12
	3
	2
	–1

	8
	–1
	3
	2
	–13
	8
	65
	65
	8
	–13
	2
	3
	–1

	9
	–1
	2
	3
	–12
	5
	62
	68
	11
	–13
	1
	3
	–1

	10
	–1
	2
	3
	–12
	2
	59
	70
	14
	–13
	1
	4
	–1

	11
	–1
	2
	4
	–11
	–1
	55
	72
	18
	–13
	0
	4
	–1

	12
	0
	1
	4
	–10
	–3
	52
	73
	22
	–13
	–1
	4
	–1

	13
	0
	1
	5
	–9
	–5
	48
	75
	25
	–13
	–2
	4
	–1

	14
	0
	0
	5
	–8
	–7
	45
	75
	29
	–12
	–3
	5
	–1

	15
	0
	0
	5
	–7
	–9
	40
	76
	33
	–11
	–4
	5
	0


[bookmark: _Ref348371475]Table 2‑2 –Downsampling filter coefficients for ratios in the range of (5/3, 2]
	phase i
	Downsampling filter coefficients

	
	f20[i,0]
	f20[i,1]
	f20[i,2]
	f20[i,3]
	f20[i,4]
	f20[i,5]
	f20[i,6]
	f20[i,7]
	f20[i,8]
	f20[i,9]
	f20[i,10]
	f20[i,11]

	0
	2
	–3
	–9
	6
	39
	58
	39
	6
	–9
	–3
	2
	0

	1
	2
	–3
	–9
	4
	38
	58
	43
	7
	–9
	–4
	1
	0

	2
	2
	–2
	–9
	2
	35
	58
	44
	9
	–8
	–4
	1
	0

	3
	1
	–2
	–9
	1
	34
	58
	46
	11
	–8
	–5
	1
	0

	4
	1
	–1
	–8
	–1
	31
	57
	47
	13
	–7
	–5
	1
	0

	5
	1
	–1
	–8
	–2
	29
	56
	49
	15
	–7
	–6
	1
	1

	6
	1
	0
	–8
	–3
	26
	55
	51
	17
	–7
	–6
	1
	1

	7
	1
	0
	–7
	–4
	24
	54
	52
	19
	–6
	–7
	1
	1

	8
	1
	0
	–7
	–5
	22
	53
	53
	22
	–5
	–7
	0
	1

	9
	1
	1
	–7
	–6
	19
	52
	54
	24
	–4
	–7
	0
	1

	10
	1
	1
	–6
	–7
	17
	51
	55
	26
	–3
	–8
	0
	1

	11
	1
	1
	–6
	–7
	15
	49
	56
	29
	–2
	–8
	–1
	1

	12
	0
	1
	–5
	–7
	13
	47
	57
	31
	–1
	–8
	–1
	1

	13
	0
	1
	–5
	–8
	11
	46
	58
	34
	1
	–9
	–2
	1

	14
	0
	1
	–4
	–8
	9
	44
	58
	35
	2
	–9
	–2
	2

	15
	0
	1
	–4
	–9
	7
	43
	58
	38
	4
	–9
	–3
	2


[bookmark: _Toc366858455][bookmark: _Toc348629467][bookmark: _Toc348630621][bookmark: _Toc348631579][bookmark: _Toc348631858][bookmark: _Toc348632126][bookmark: _Toc348632866][bookmark: _Toc348633123][bookmark: _Toc389580406]Upsampling process
This section introduces the upsampling process applied to the reference layer reconstructed picture, in order to provide inter layer texture prediction for the enhancement layer, when the reference layer and the enhancement layer pictures have different spatial resolutions. 
Given an upsampling ratio of N in both directions, the upsampling process is conceptually approximated by interpolating the reference layer reconstructed picture to 16 times its size in both directions and decimating the 16x picture with the ratio M, where M=16/N. To perform 16x upsampling, 16-phase interpolation filters are used. Detailed filter coefficients are provided in Table H‑1 and Table H‑2 in [1], for luma and for chroma, respectively. The upsampling filters are designed to be backward compatible with the filters used for motion compensation interpolation process in HEVC, where 8-tap filters are applied for the luma component and 4-tap filters are applied for the chroma components. The filters used in HEVC motion compensation interpolation process are kept unchanged in the upsampling process at the corresponding ½- and ¼-pixel fractional positions, and new filter coefficients are added for the new phases that do not exist in the HEVC motion compensation interpolation process. By defining a full set of 16-phase interpolation filters, SHVC is able to support arbitrary spatial ratios between two layers.
In actual implementation, the 16x interpolation is not performed for every sample; instead, only those samples in the 16x picture that will be kept after decimation are interpolated. To generate a sample located at (x, y) in the enhancement layer picture, its collocated position (x16, y16) in the virtual 16x picture before decimation is first found by using the method specified in sub-clause H.6.2 in [1]. Then, the sample value at (x16, y16) is interpolated by applying the appropriate phase filter to the support region in the reference layer reconstructed picture. The process to determine the reference layer support region and the appropriate phase filters are specified in sub-clause H.8.4.1.3 and H.8.4.1.4 in [1], for luma and for chroma, respectively. Additionally, the collocated sample derivation for upsampling process is designed to support both of the two sampling grid alignment schemes discussed in section 2.3.1.
As mentioned in section 2.3.1, a flag is signalled in the bitstream to specify the sample grid alignment between an enhancement layer and its reference layer such that the reference layer sample location (phase) derivation process used in up-sampling can be matched with that used in downsampling. In addition to this flag, the vertical phase of the SHVC upsampling process can be further adjusted with additional flags signalled in the bitstream. A key application which can utilize the additional vertical phase adjustment flags is interlaced-to-progressive scalability, in which the reference layer picture is an interlaced field picture, and the enhancement layer picture is a frame picture. Figure 2‑4 shows the default luma and chroma sample locations of YUV 4:2:0 interlaced video. Sample locations in the top field correspond to the odd rows in a progressive frame picture and sample locations in the bottom field corresponds to the even rows in a progressive frame picture, for both luma and chroma samples. The relative sample location between two layers for the case of interlaced-to-progressive scalability is different from the progressive-to-progressive spatial scalability case. Additional phase adjustment can be performed to align the sample positions of the upsampled reference layer picture with the sample positions of the enhancement layer picture. A flag is signalled in the sequence parameter set to indicate whether vertical phase adjustment is enabled. When vertical phase adjustment is enabled, an additional flag is signalled in the slice header (picture level) to indicate the position of the vertical phase, based upon whether the reference layer picture is a top field or bottom field picture.
Table 2‑3 indicates the recommended values of the vertical phase adjustment syntax elements for different use cases.
[image: ]
[bookmark: _Ref380956073][bookmark: _Ref375082520]Figure 2‑4 Nominal vertical and horizontal sampling locations of 4:2:0 samples in top and bottom fields
[bookmark: _Ref381218900]Table 2‑3 –Recommended vertical phase adjustment syntax element values
	Reference
layer
	Enhancement
layer
	SPS
vert_phase_position_enable_flag
	Slice header
vert_phase_position_flag

	top field
	top field
	0
	-

	bottom Field
	bottom field
	0
	-

	top field
	frame
	1
	0

	bottom field
	frame
	1
	1

	frame
	frame
	0
	-


[bookmark: _Toc389580407][bookmark: _Toc348629468][bookmark: _Toc348630622][bookmark: _Toc348631580][bookmark: _Toc348631859][bookmark: _Toc348632127][bookmark: _Toc348632867][bookmark: _Toc348633124]Cropping windows
In the scalable extension of ITU-T H.264 | ISO/IEC 14496-10, Extended Spatial Scalability (ESS) enables a generalized relationship between successive spatial layers. A picture of a reference spatial layer may represent a cropped area of the higher resolution picture and the ratio between successive spatial layers can have any value. In addition to arbitrary spatial ratio, SHVC also supports the cropping mode between any lower layer and the current enhancement layer. The geometrical parameters defining the cropping window are signaled at the sequence level.
Figure 2‑5 illustrates the sample location relations between the reference layer and enhancement layer. In current SHM, the picture samples upsampling process is first applied to the reference layer picture to form upsampled picture within the scaled windows. Then, the scaled reference layer picture is further padded in horizontal and/or vertical directions to create an inter-layer reference picture having the same resolution as the current enhancement layer picture. In motion mapping process, the motion information outside of scaled base layer window is marked as unavailable by setting the block prediction mode to intra prediction mode. The scaled parameters can also have negative values. In this case, the enhancement layer picture corresponds to a cropped area of the reference layer picture.
[image: ESS_positive_offsets]
[bookmark: _Ref366798927]Figure 2‑5 – Relations between enhancement layer and reference layer with ESS
[bookmark: _Toc389580408]Colour mapping process for colour gamut scalability
SHVC allows the reference and enhancement layers to be represented in different colour spaces. For example, a reference layer may be in Rec. 709 colour space and the enhancement layer may be in Rec. 2020 colour space. In order to improve the coding efficiency of colour gamut scalability, 3D Look-Up Table (3D LUT) based colour mapping is used in SHVC to convert the tri-chromatic samples from the RL colour space to the EL colour space. The 3D LUT divides the input 3D YUV colour space into up to 8×2×2 equal sized cuboid regions, with up to 8 regions in the Y dimension and up to 2 regions in the U and V dimensions. For each cuboid region, the mapped YUV values of its vertices in the output colour space are signaled, once per picture in the PPS, to define the 3D LUT operation.
The colour mapping process applies the 3D LUT operation to each RL sample as part of the inter-layer prediction process. When upsampling is required, colour mapping is applied prior to upsampling.  For each input RL sample, the cuboid that it belongs to is first determined.  This determination is based upon the number of equal sized cuboid regions used, and the YUV value of the RL sample in the RL colour space. Then, within the cuboid, the computation of its mapping in the output EL colour space is made using tetrahedral interpolation as depicted in Figure 2‑6.
While a cuboid contains 8 vertices, as shown in Figure 2‑6, only 4 vertex positions are signaled and used in the tetrahedral interpolation method. Pi(y, u, v), with i in the range of 0..7, represent the 8 vertices in RL colour space of the identified cuboid. P(y, u, v) represent the input YUV RL sample. dy, du, and dv represent the distance of the input YUV RL sample from the lowest valued vertex of the identified cuboid to which it belongs in the RL colour space, i.e. lower left closest corner of the cuboid region. The 4 vertices used in the interpolation calculation are P0, P4, P6 and P7 as used in equations 2-3, 2-4, and 2-5, which are used to calculate the mapped YUV sample values in EL colour space.
Yout = lutY[ P0 ] + dy × ( lutY[ P7 ) – lutY[ P6 ] ) + du × ( lutY[ P4 ] – lutY[ P0 ] ) + dv × ( lutY[ P6 ] – lutY[ P4 ] )	(2‑3)
Uout = lutU[ P0 ] + dy × ( lutU[ P7 ] – lutU[ P6 ] ) + du × ( lutU[ P4 ] – lutU[ P0 ] ) + dv × ( lutU[ P6 ] – lutU[ P4 ] )	(2‑4)
Vout = lutV[ P0 ] + dy × ( lutV[ P7 ] – lutV[ P0 ] ) + du × ( lutV[ P4 ] – lutV[ P0 ] ) + dv × ( lutV[ P6 ] – lutV[ P4 ] )	(2‑5)
where, lutY[ Pi ], lutU[ Pi ] and lutV[ Pi ] represent the mapped YUV values of the vertex Pi in the output colour space.



[bookmark: _Ref389578025][bookmark: _Ref368923002]Figure 2‑6 – Tetrahedral interpolation
In the encoder of SHM reference software, the optimal 3D LUT is derived for each enhancement layer picture. First, the number of cuboid regions for the current picture is determined based on the bit cost of the 3D LUT of the previously coded picture with same slice type and temporal level. The table size decreases when the number of bits used for the 3D LUT is more than 3% of the total bits used for the previous coded picture and increases when the proportion is less than 0.5%. The possible number of cuboid regions supported in the SHM reference software are 8×2×2, 4×2×2, 2×2×2, 4×1×1, 2×1×1 and 1×1×1. After the number of cuboid regions is determined, the colour mapping coefficients are derived for each cuboid by minimizing the distortion between converted reference layer samples and original enhancement layer samples, namely 
	(2‑6)
Where , , and,  represent the Y, Cb, Cr sample values of enhancement layer picture and , and  represent a converted reference layer sample and are calculated from the reconstructed reference layer sample as follows: 
	(2‑7)
The derived matrix coefficients are then converted to the vertices of the corresponding cuboid based on the position of the cuboid. Since the color mapping process is conducted before up-sampling, the matrix coefficients are derived by minimizing the distortion between converted samples and the down-sampled enhancement layer signal.
In the SHM reference software, once per second with each IRAP picture, the encoder sends a PPS containing a new 3D LUT. For all non-RAP pictures, the SHM encoder derives the 3D LUT for the current picture and decides whether to send a new PPS containing a new 3D LUT  by comparing the distortion reduction with the previously sent 3D LUT. If a new PPS containing a new 3D LUT is sent, the new PPS replaces the previous PPS which was sent with the IRAP picture. 
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The source code for the software is available in the following SVN repository.
https://hevc.hhi.fraunhofer.de/svn/svn_SHVCSoftware/ 
For tool integration branch for a company can be obtained by contacting:
Seregin, Vadim (vseregin@qti.qualcomm.com)
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The software can be built under linux using make. For Windows, solutions for different versions of Microsoft Visual Studio are provided.
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The SHVC Test Model Software inherits the same software structure from the HEVC test model HM software, which includes the following applications and libraries for encoding, decoding and downsampling process: 
· Applications: 
· TAppEncoder, executable for bit stream generation
· TAppDecoder, executable for reconstruction.
· TAppCommon, common functions for configuration file parsing.
· TAppDownConvert, downsampling functionalities.
· Libraries: 
· TLibEncoder, encoding functionalities
· TLibDecoder, decoding functionalities
· TLibCommon, common functionalities
· TLibVideoIO, video input/output functionalities
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