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1 Introduction
This contribution highlights and demonstrates the capabilities of the FGC SEI message via a film grain designer tool (which include a synthesizer). In particular, the following FGC SEI functionalities are demonstrated: mode parameters fitting the grain shape and strength, and local variation of both shape and strength, as observed on real film. This contribution highlights the benefit of these functions via a FG tuning tool.
JVET (joint ISO/IEC and ITU-T expert group) is conducting active work on Film grain technologies. Software packages are made available in the “JVET AHG Film Grain Technologies” gitlab repository (https://vcgit.hhi.fraunhofer.de/jvet-ahg-fgt). This group contains software developments related to film grain that are either independent or not yet merged into the JVET reference software (e.g. HM). For instance, film grain analysis and synthesis modules, as well as film grain characteristic (FGC) SEI signaling and parsing, are implemented in the HM.
A recent addition is “FGC SEI designer”, a graphical interactive tool to edit an FCG SEI config file, that can be useful when automatic estimation is either not practical or needs to be refined. It can also be used to export a graphical representation of film grain parameters, for use e.g. in a document, for subjective assessments and to demonstrate and validate the capabilities of the FGC SEI.
As it is implemented as a single python script, and connected to a film grain synthesizer, it was added to the “VFGS” software repository (https://vcgit.hhi.fraunhofer.de/jvet-ahg-fgt/vfgs), rather than in an independent repository. External dependencies are matplotlib and numpy.
The tool is also available from InterDigital github (https://github.com/InterDigitalInc/VersatileFilmGrain), which is in fact its primary source.
The film grain synthesizer available in the same repository and connected to the graphical tool is intended to be hardware-friendly, actually designed as a hardware model with clearly separated hardware and firmware layers, and interoperable with different grain modes and metadata formats, though this interoperability is not yet exercised by the graphical tool (this is part of future plans).
2 Description of the tool
2.1 Graphical display and edit
Figure 1 reproduces the main window of the tool, with arbitrary default film grain parameters when no configuration file is loaded yet.
[bookmark: _Hlk156833475][image: ]
[bookmark: _Ref148020589]Figure 1 – Main tool window
An FGC SEI configuration file can be loaded and saved through the “File” menu. Currently, only frequency-filtering mode is supported. The syntax used in the configuration file is the same as the HM; there is a direct mapping between the interactive plot and FGC SEI mode parameters.
Color component is selected with the “color component” menu.
Intensity interval boundaries, gain levels, and frequency cutoffs can be click-dragged. An interval is removed when it is reduced to zero-length, and is split by a double-click.
2.2 [bookmark: _Ref156897759]Example configuration import / export
Figure 2 is an example film grain parameter representation exported with the FGC SEI designer tool, using the CrowRun.cfg file that was used for expert viewing experiment reported in JVET-AD0382 [1]. The graphical export is provided by the “save as” feature of matplotlib (the floppy disk icon of the toolbar in Figure 1).

[image: ][image: ][image: ]
[bookmark: _Ref148021096]Figure 2 – Film grain parameters used for CrowdRun in JVET-AD0382 [1] 
(Luma, Cb, and Cr from top to bottom and left to right)
Notes:
· Horizontal axis corresponds to target image sample value (or “intensity”), normalized to 8-bits.
· Here, log2ScaleFactor equals 4, which means that the gain axis is scaled down by 2^4 = 16, for an 8-bit target image (for a 10-bit target image, is it scaled down 4 times less).
2.3 Tool chain for experimentation
[image: ]
[bookmark: _Ref148026715]Figure 3 – Film grain experimental tool chain
Figure 3 depicts a tool chain that could be used to experiment with film grain synthesis, including the graphical tool described here. Items in green are still under construction.
The FGC SEI designer tool is connected to an external film grain synthesizer, so that immediate feedback of adjustments can reflected on a test video (the dashed “execute” arrow in Figure 3). A YUV viewer has to be used to watch the result until the preview window is available.
The configuration can also be saved and used in the FilmGrainApp program provided with the HM (and VTM) to insert FGC SEI messages in a bitstream.
Further work include:
· Estimate initial parameters when provided with the source and clean pictures (by e.g. connecting an external analyzer);
· Support of auto-regressive mode, and potentially translations between Frequency Filtering (FF) and Auto-regressive (AR) modes;
· Compare source / clean / re-grained pictures in a preview window.
3 Example of use
3.1 Prepare original and degrained/decoded videos
The tool can interactively test film grain synthesis on a degrained video. This is done by automatically running the vfgs film grain synthesizer every time anything changes in the GUI. The test video is specified using the [File / Load YUV (clean)] menu, shown in Figure 4.
The degrained/clean video can be a decoded video without having to use any specific denoiser, since encoders likely remove grain by themselves. We suggest selecting a quality level (QP) where image quality is still very good but grain is removed in most pictures (see next section for more details). QP 26 for HM (or VTM) encodings, for example.
The temporary parameters are saved in __preview.cfg and result of film grain synthesis is output in the __preview_3840x2160_8b.yuv file in the current directory. The original and regrained images can be compared in a YUV viewer, preferably one that refreshes display upon file changes, so that the results of a change in GUI can be seen immediately.
[image: ]
[bookmark: _Ref156853142]Figure 4 – Loading a test video file
3.2 Select a decoded picture for study
Grain may not be completely removed in all decoded pictures, for example some grain can remain on Intra pictures, and some badly impaired grain (visually annoying) can be present in the first temporal layers (e.g. Intra + 16, 8, 24), as illustrated in Figure 5.
A totally clean picture can be selected for easy grain estimation by comparison with the source, or one where grain is badly impaired to observe how synthetic grain magically removes the problem, as show in Figure 6.
The relevant test frame is selected with the slider on the bottom of the window, as shown in Figure 7.
[image: ] [image: ]
[image: ] [image: ]
[bookmark: _Ref155865559]Figure 5 – Example decoded video at POC #0, #16, #8, #11
[image: A tall building with a spire
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[bookmark: _Ref156853156]Figure 6 – Example of how grain synthesis hides impaired grain
Left: decoded; right: decoded + grain synthesis
[bookmark: _Ref156853235][image: ]
Figure 7 – Selecting the test frame using the slider 
3.3 Focus on a light area, tune amplitude and size
The experimentation can start with a flat configuration, for example load « Gaussian-1s.cfg » (using [File / Load cfg] menu), first focusing on luma, on a light area with a good amount a grain (e.g. sky, or white surface).
Then Log2ScaleFactor slider can be adjusted to 4 for example, and the gain (blue curve) can be dragged to match original grain amplitude. There is no need to be very precise at this stage, however it can be observed that the eye is rather sensitive to variations of grain amplitude; Figure 9 illustrates grain synthesis strength setting either 20% too low or too strong compared to the estimated sweet spot.
[image: ]
Figure 8 – Adjusting log2ScaleFactor, grain strength and size

[image: ] [image: ] [image: ]
[bookmark: _Ref156864436]Figure 9 – Tuning grain strength
Left: original - Middle: synthesis, too low – Right: synthesis, too strong
Then, the green curve can be adjusted (grain bandwidth or size) to best match original. This is more difficult to get right; it may help to use 100% and 200% viewing scales, and compare the grains themselves (difference between grainy and clean images). Amplitude may need to be refined at the same time, since reducing the bandwidth also reduces the total energy of synthesized grain.
The grain seed can be changed by touching the YUV frame slider on the bottom if the grain pattern needs to be changed.
On this example, we keep 14 for the light area as it looks right (grain is very fine here).
[image: A tree in the sky

Description automatically generated]  [image: ]
Figure 10 – Tuning grain size
Left: original - Right: synthesis, too large
3.4 Split interval and focus on a darker area
In Figure 12, it can be observed that the parameters tuned for the light area do not work on darker areas. This illustrates the interest of the FGC SEI, that can adapt mode parameters to light level.
The interval can be split by double-click, then one sub-interval can be disabled by right-click, and interval boundary can be dragged to isolate an area of interest (e.g. dark clothes), as explained in Figure 11.
[bookmark: _Ref156894744][image: ]
Figure 11 – Splitting interval and adjusting focus on a dark area
[image: ] [image: ] [image: A person running with number on their chest
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[bookmark: _Ref156895721]Figure 12 – Focusing on a dark area
Left: original – Middle: wrong parameters – Right: dark area isolated
Observing the grain pattern of the original (by difference with decoded) in Figure 13, it is evident that grain is both less strong and smoother/coarser in the dark. Grain amplitude (blue curve) and size (green curve) are then dragged to match original on the area under study, with the result shown in Figure 14. 
[image: A person running with numbers on their chest
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[bookmark: _Ref156897298]Figure 13 – Tuning grain on a dark area
Left: original – Middle: original grain – Right: dark area tuned
[image: ]
[bookmark: _Ref156897284]Figure 14 – Parameter adjustment for dark area

3.5 Create more intervals, and repeat on chroma
The reach the result shown in section 2.2, more work is needed: refine intervals (iterative split and tuning), and repeat the process on each chroma channel.
It is noted that sometimes, the grain is not fully consistent over the picture for a given intensity interval, and a compromise has to be found. This might be caused by film warping, or color space. It is then recommended to check the settings on the whole picture, out of the focus areas that were used for tuning.
4 Conclusion
A graphical tool to display and adjust film grain parameters is presented, to encourage and ease experimentation of film grain synthesis technology, and to demonstrate the capabilities of FGC SEI in conjunction with a hardware-friendly implementation. In particular, the following FGC SEI functionalities are demonstrated: mode parameters fitting the grain shape and strength, and local variation of both shape and strength, as observed on real film, and this contribution highlights the benefit of these functions.
This tool also enables interactive visual testing, that may be interesting for the “grain fidelity” aspect.
It is recommended to add sections 2 and 3 to the permanent document, and it is further proposed to work on a CR to TR 26.995 recommending support for the FGC SEI message. 
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