3GPP TSG-SA WG4 Meeting #127	S4-240213
Sophia-Antipolis, France, 29 January - 2 February 2024

Source:	InterDigital Europe
Title:	FGC SEI interoperability 
Agenda item:	9.8
Document for:	Discussion and agreement

1 Introduction
The FGC SEI message discussed in the feasibility study item on “Film Grain Synthesis” fits the purpose to describe the grain present on scanned film or added for calibration and artistic intent on motion pictures, and enables to recover a similar grain by driving synthesis at decoder side at reasonable cost when the grain has been lost in the encoding process for broadcast or streaming purpose.
The FGC SEI provides a high flexibility to control the synthetized film grain, in particular using control parameters enabling local variations of both shape/size and strength of the film grain. However, some existing implementations may not support this flexibility, and typically only supports fixed film grain size.
This document aims at recommending a practice in the contents of the FGC SEI message for interoperability with implementations that only support fixed grain size, while not limiting implementations where local grain size adaptation would be supported.
A guidance on how to translate model parameters from frequency filtering to auto-regressive parameters is also given in case such conversion is needed for film grain synthesizer only supporting AR-based models.
2 Film Grain Characteristics SEI message
The FGC SEI serves well its nominal purpose of describing the grain of streaming movies from scanned film or with artistic grain, to recover it when lost by video compression: low cost implementation of film grain synthesis in TV or STB chips is possible, even in the video display pipeline, and a C software model is available both in https://vcgit.hhi.fraunhofer.de/jvet-ahg-fgt/vfgs and https://github.com/InterDigitalInc/VersatileFilmGrain, to guide and support implementation of hardware and firmware blocks. That implementation further supports multiple models (FF or AR) and different metadata formats (including the FGC SEI) using the same hardware design.
The current FGC SEI message can convey film grain characteristics through parameters of a film grain statistical model. That model is either based on spatial frequency cutoffs or 2D auto-regressive filter coefficients.
The FGC SEI is based on a few common parameters, like color space and model kind (frequency filtering or auto-regressive), and a set of independent intensity intervals that each define:
· its boundaries (range of color component value)
· and a full set of model parameters, impacting both grain strength and shape.
It is thus possible to vary grain aspect (size, sharpness, coarseness) of each interval.
This is illustrated in Figure 1 and justified by the variability of grain observed on real film as illustrated in Figure 2 and Figure 3.
3 Recommended practice
As intervals are fully independent and can be transmitted in any order, it is recommended to transmit in first position an interval that carries grain shape (AR coefficients, or frequency cutoff) that is a good compromise for the whole picture, and even transmit intervals in order of importance of grain shape.
That way, implementations that support only one grain shape would generate a grain template based on the first interval, and use the parameters of the remaining intervals to modulate the amplitude of grain.
Likewise, implementations with a limited number of grain patterns (a practical limit is likely under 8 or 10) would create templates based on the first intervals up to the maximal number they can support, and use the gain parameter of the remaining intervals to modulate the amplitude of the closest template. This feature is implemented is the above-mentioned VFGS software, with the maximum number of patterns controlled by the VFGS_MAX_PATTERNS macro (currently 8).
The conversion of frequency-filtering parameters to auto-regressive coefficients can be implemented with pre-computed AR coefficients tuned to give visually similar results. Since the range of values of frequency cutoffs is likely to be limited to the 3 to 14 range, the number of sets of AR coefficients is small. Aspect ratio adaptation can be handled in a second stage.
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[bookmark: _Ref155865565]Figure 1 – Example intervals and parameters
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[bookmark: _Ref155865559]Figure 2 – Example crops of a 1963 35mm negative film scan (around 7500 ppi / 150 lpm)
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[bookmark: _Ref156897298]Figure 3 – Grain variability on an example film (at around 3000 dpi / 60 lpm)
Left: luma – Right: luma grain

4 Proposal
It is proposed to include sections 2 and 3 in the permanent document.
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