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Abstract
An SEI message containing a sample phase indication is proposed. It is asserted to enable more consistent rendering, in particular when rendering at a higher resolution and when switching between multiple resolutions as is common in streaming scenarios where bandwidth may fluctuate.
Problem Statement
When downsampling video content to generate multiple versions suitable for various bandwidth constraints, a low-pass filter is typically used. A phase shift may be introduced during downsampling, and the relative location between samples at different resolutions may not be known to a client consuming the video. When switching between multiple resolutions a slight geometric shift may be noticeable if the phase shift used in the upsampler does not mirror the phase shift of the downsampler. This issue was previously reported in [1].
Even when content is made available in a single resolution to a client, the client may upsample the content when the display has a higher resolution. Knowing the intended position of samples relative to the video surface also allows for more consistent rendering, which may be useful when multiple videos are rendered to a same screen and require precise alignment.
When rendering a decoded frame using a shader, for example using OpenGL, an offset may be added to texture coordinates to compensate for any phase shift. This is similar to offsets that may be added when accessing chroma samples to account for the position of chroma samples relative to luma samples.
Proposed solution
An SEI message is proposed with the syntax and semantics described below.

	phase_indication( payloadSize ) {
	Descriptor

		hor_phase_num
	u(8)

		ver_phase_num
	u(8)

		phase_den
	u(8)

	}
	



hor_phase_num and phase_den specify the horizontal position of luminance sampling locations relative to a display window. If phase_den is equal to 0, then the horizontal position is undefined. Otherwise, if phase_den is larger than 0, the horizontal position hor_phase_num ÷ phase_den is expressed in units of the horizontal distance between two horizontally adjacent luminance sampling locations. hor_phase_num shall be larger than or equal to 0 and smaller than or equal to phase_den.

ver_phase_num and phase_den specify the vertical position of luminance sampling locations relative to a display window. If phase_den is equal to 0, then the vertical position is undefined. Otherwise, if phase_den is larger than 0, the vertical position ver_phase_num ÷ phase_den is expressed in units of the vertical distance between two vertically adjacent luminance sampling locations. ver_phase_num shall be larger than or equal to 0 and smaller than or equal to phase_den.

Note: the phase indicators may be used during the rendering process. For example, if using a shader as in OpenGL, texture coordinates may be offset by an amount proportional to the signaled horizontal and vertical phase indicators.

The mapping between the cases in [1] and the proposed syntax is given below:

	JVET-X0092
	hor_phase_num
	ver_phase_num
	phase_den

	Unknown (0)
	0
	0
	0

	Co-sited (1)
	b
	b
	2a

	Centered (2)
	1
	1
	2



Where the fraction  represents the ratio between an original frame size where samples are “centered” relative to the image surface and a current frame size (downsampled).
Examples
The ratio hor_phase_num ÷ phase_den represents the ratio between the length of blue line over the length of the red in the figure below, i.e., the offset of the luminance sampling positions relative to the rectangular window representing the frame area. This offset may typically be assumed to be ½ when capturing a frame. When resizing a frame, the offset associated with a resized frame may be different depending on the phase of the resizing filter being used. A coded frame may thus feature an offset different from ½. When resizing a frame for display, the resized frame should typically feature an offset of ½ to guarantee proper alignment of the displayed frame. A renderer may determine the proper phase shift to use in upsampling filters based on the offset associated with the decoded frame.
The ratio ver_phase_num ÷ phase is commonly equal to the ratio hor_phase_num ÷ phase, but these may differ, in particular, when different resizing scales are applied horizontally and vertically.
[image: ]
Resolutions for ABR streaming
The resolutions listed below with a 16:9 aspect ratio may be commonly used for streaming purposes.

	Width
	Height
	Ratio relative to 8K

	7680
	4320
	1:1

	3840
	2160
	1:2

	2560
	1440
	1:3

	1920
	1080
	1:4

	1280
	720
	1:6

	960
	540
	1:8

	854
	480
	1:9

	768
	432
	1:10

	640
	360
	1:12

	480
	270
	1:16

	426
	240
	1:18

	416
	234
	13:240



Resizing filter: centered
A centered resizing filter is commonly used – for example, in widely available software packages such as ffmpeg and ImageMagick, or in graphics rendering engines such as OpenGL.
In this case the offset is always equal to ½ (assuming the source frame as an offset equal to ½).

Resizing filter: co-sited (top-left)
This approach is used in scalable coding such as SHVC and VVC. One advantage of using co-sited filters is the fact that in the upsampling process, some samples may simply be copied from the lower-resolution version. This reduces overfiltering and potentially complexity.
Each column represents one of multiple base resolutions from which lower resolutions are derived.

	Resolution
	7680x4320
	3840x2160
	2560x1440
	1920x1080
	1280x720

	7680x4320
	1/2
	 
	 
	 
	 

	3840x2160
	1/4
	1/2
	 
	 
	 

	2560x1440
	1/6
	1/3
	1/2
	 
	 

	1920x1080
	1/8
	1/4
	3/8
	1/2
	 

	1280x720
	1/12
	1/6
	1/4
	1/3
	1/2

	960x540
	1/16
	1/8
	3/16
	1/4
	3/8

	852x480
	1/18
	1/9
	1/6
	2/9
	1/3

	768x432
	1/20
	1/10
	3/20
	1/5
	3/10

	640x360
	1/24
	1/12
	1/8
	1/6
	1/4

	480x270
	1/32
	1/16
	3/32
	1/8
	3/16

	426x240
	1/36
	1/18
	1/12
	1/9
	1/6

	416x234
	1/37
	13/240
	13/160
	13/120
	13/80



Resizing filter: co-sited (minimize shift)
In this approach, the same filters are used as in the previous case. However, the choice of a co-sited sample is guided by a desire to keep sampling centered with respect to image boundaries, to the extent possible.
Each column represents one of multiple base resolutions from which lower resolutions are derived.

	Resolution
	7680x4320
	3840x2160
	2560x1440
	1920x1080
	1280x720

	7680x4320
	1/2
	
	
	
	

	3840x2160
	3/4
	1/2
	
	
	

	2560x1440
	1/2
	1/3
	1/2
	
	

	1920x1080
	5/8
	3/4
	3/8
	1/2
	

	1280x720
	7/12
	1/2
	3/4
	1/3
	1/2

	960x540
	9/16
	5/8
	9/16
	3/4
	3/8

	852x480
	1/2
	5/9
	1/2
	2/3
	1/3

	768x432
	11/20
	1/2
	9/20
	3/5
	3/10

	640x360
	13/24
	7/12
	5/8
	1/2
	3/4

	480x270
	17/32
	9/16
	15/32
	5/8
	9/16

	426x240
	19/36
	1/2
	7/12
	5/9
	1/2

	416x234
	53/103
	39/80
	91/160
	13/24
	39/80


Resizing filter: co-sited, then centered
In this case, the second-highest resolution is initially generated using the co-sited filter by a first system. Lower resolutions are then derived with a centered filter by a second system.

	Resolution
	7680x4320
	3840x2160
	2560x1440
	1920x1080
	1280x720

	7680x4320
	1/2
	 
	 
	 
	 

	3840x2160
	1/4
	1/2
	 
	 
	 

	2560x1440
	1/3
	1/3
	1/2
	 
	 

	1920x1080
	3/8
	3/8
	3/8
	1/2
	 

	1280x720
	5/12
	5/12
	5/12
	1/3
	1/2

	960x540
	7/16
	7/16
	7/16
	3/8
	3/8

	852x480
	4/9
	4/9
	4/9
	7/18
	7/18

	768x432
	9/20
	9/20
	9/20
	2/5
	2/5

	640x360
	11/24
	11/24
	11/24
	5/12
	5/12

	480x270
	15/32
	15/32
	15/32
	7/16
	7/16

	426x240
	17/36
	17/36
	17/36
	4/9
	4/9

	416x234
	96/203
	96/203
	96/203
	107/240
	107/240



RPR use
While RPR defines filtering conventions to upsample and downsample, there is no guarantee that the coded frames were actually generated using a filter with the same phase shift as the RPR filter. A player may thus not assume a “top-left co-sited” relationship when a resolution switch occurs between two consecutive frames in a CLVS.
Also, when using RPR, an encoder may choose custom resolutions at a finer granularity. The set of possible resolutions may thus be larger than listed in the use cases above.


References
1. [bookmark: _Ref90889536]J.Samuelsson, A.Tourapis, D.Podborski, K.Rapaka, D.Singer, “Down-sample phase indication (SEI message),” JVET-X0092, October 2021.

Patent rights declaration(s)
Sharp Labs of America may have current or pending patent rights relating to the technology described in this contribution and, conditioned on reciprocity, is prepared to grant licenses under reasonable and non-discriminatory terms as necessary for implementation of the resulting ITU-T Recommendation | ISO/IEC International Standard (per box 2 of the ITU-T/ITU-R/ISO/IEC patent statement and licensing declaration form).

	Page: 2	Date Saved: 2022-01-05
image1.png




image2.png




image3.emf
!











