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Abstract
This document is a draft test plan to assess the visual impact of film grain synthesis, evaluating the potential reduction of bitrate on video content that originally contains grain, maintaining the artistic intent while video coding removes grain, and potentially improving perceived quality by increasing perceived sharpness and hiding coding artefacts in smooth areas. The test planned compares VVC Main 10 profile with and without film grain synthesis, making use of the FGC SEI message.
The contribution of existing or new candidate sequences containing different film grain characteristics for the purpose of this test activity is solicited.
Introduction
The film grain characteristics (FGC) SEI message [1] can be embedded in AVC, HEVC, and VVC bitstreams to convey parameters that a decoder can use to synthesize controlled film grain in a post-decoding stage.
Such film grain synthesis can be used to recreate a grain that is visually similar to the original, that has been lost due to compression, thus restoring the artistic intent. It can also be used to mask coding defects to some extent.
This feature has been available for a long time but is currently driving more attention since recent advances in video compression have come with a significant reduction of noise, making film grain preservation more difficult at broadcast or streaming bitrates. Also, recent codecs produce smoother images, where coding artefacts may be more visible; in this context, grain synthesis could help to improve perceived quality by hide artefacts in smooth areas and increasing perceived sharpness.
It is planned to compare visually the result of VVC video compression with and without FGC SEI message and film grain synthesis, to evaluate how much rate can be saved using this feature, on video content that is relevant for this purpose (e.g., movie content, that actually contains film grain).
Three goals for the subjective quality testing are defined:
1. Assessment of subjective quality improvement provided by film grain synthesis. This assessment evaluates the benefits of film grain synthesis as a tool for improving the visual quality of a compressed video sequence for a broad range of bitrates. 
2. Evaluate how much bitrate can be saved by using film grain synthesis instead of natively encoding the grain, while staying at a high visual quality level.
3. Study of the similarity of characteristics of original and synthesized film grain. This assessment evaluates the proximity of the synthesized film grain based on information provided in the film grain characteristics SEI message.
Verification test coordination
The proposed coordinators of the verification tests are the chairs of AHG4/AG5.
Test sites and method
[bookmark: _Hlk116575570]For goal 1, a DCR test is planned. Test sites should be capable of conducting formal subjective assessments of UHD video content in accordance with ITU-R BT.500-14 [2], following the Degradation Category Rating (DCR) test method [3] with 11 quality levels. For goal 1 at high quality / high bit rate, Comparison Category Rating (CCR) [4] can be used.
For goal 2, the applicable test method is to be defined. 
Test categories, coding conditions, and test sequences
Assessment of effect of film grain synthesis on a broad visual quality range
Coding and film grain synthesis conditions
The following test conditions are suggested to be used for the verification test.
1. Number of sequences, video resolutions and frame rates:
a. Five or more sequences at HD (1920×1080) and/or UHD resolution (3840×2160) with not less than 4 sequences for a specific resolution.
b. Standard dynamic range
c. Both video (50/60) and film-like (24/25) frame rates
2. Bitstreams
a. Anchor and test are both encoded with VTM-23.1 (latest available), at different bit rates.
b. Test bitstreams contain FGC SEI messages, that exercise FGC SEI parameters as much as possible for an improved visual result.
i. allow for global strength adjustment at different rates to mask coding defects: enough to optimize the subjective appearance, but not to a level that it would be distracting.
3. Film grain synthesis
a. Anchor is viewed without film grain synthesis: VTM (latest available)
b. Test is viewed with film grain synthesis added, using a synthesis software that supports signalled FGC SEI parameters:
i. Latest implementation as provided with the VTM, supporting the frequency-filtering as well as auto-regressive model.
ii. Additional implementations could be considered.
4. Encoding parameters 
a. Fixed QP.
i. Four bitrate points per sequence, covering the whole MOS range as much as possible for the anchor (without film grain). The test uses the same QPs values, adds FGC SEIs every intra frame, and enables film grain synthesis at decoder side. It is expected that test rate does not significantly diverge from the anchor and rate differences stay within 1%.
b. Bit depth of 10 bits for all sequences
c. Coding structure
i. UHD using Random access, RA (storage/streaming)
1. Intra refresh at approximately 1 second intervals.
2. GOP size 32
3. Picture reordering allowed.
d. Other settings as in the configuration files, with the Picture Hash SEI deactivated for the measurement of bit rate
i. VTM: cfg/encoder_randomaccess_vtm.cfg
ii. Film grain parameters: film grain configuration file to be provided for each sequence.
[bookmark: _Ref163746453]Test sequences
Test sequences preferably contain film grain or similar camera noise, so that additional grain does not disturb the opinion of viewers. Current candidates are:
· Scenes from SVT multiformat test set (“FairyTale”, shot on actual film). For example, CrowdRun and OldTownCross (50fps)
· Scenes from Netflix “Chimera” test sequence (59.94fps). For example, DinnerScene.
· Scenes from Technicolor “Zombie” test sequence (24fps). For example, a night sequence with campfire towards the end.
· Scenes from Netflix “Meridian” (e.g. old film section at the beginning, smoker scene, car scene)
· Scans from Prelinger archives (e.g. TripDownMarketStreet, AmericanMaker)
· Scenes from JVET-AF0262 (Cleaned TearsOfSteel scenes, with artificial grain on top)
The contribution of existing or new candidate sequences containing different film grain characteristics for the purpose of this test activity is solicited. 
[bookmark: _Ref85062154]Table 1 – Candidate test sequences and QP settings for “quality improvement” category
	Test sequence & format
	QPs
	Thumbnail

	CrowdRun (from SVT FairyTale)
3840×2160, 50fps, 500 frames
Kodak Vision 250D film
	29
34
38
42
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	OldTownCross (from SVT FairyTale)
3840×2160, 50fps, 500 frames
Kodak Vision 250D film
	29
34
38
42
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	DinnerScene (from Netflix Chimera)
4096×2160, 60fps, 600 frame
RED Epic Dragon digital camera
	29
32
36
40
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	Two UHD scenes from Meridian (smoker, car)
	
	

	Start scene from Meridian (old film): preferably HD and restored to 24fps
	
	

	A scene from 1906 black-and-white “A trip down market street” (UHD) (Prelinger Archives)
	
	

	One or two scenes from “American Maker” (HD) (Prelinger Archives)
	
	

	Other HD material, e.g. from 16mm film archives
	
	

	Two or three scenes from TearsOfSteel (see JVET-AF0262)
	
	


[bookmark: _Ref116551440]Timeline and methodology for test conditions refinement
· Selection of sequences
Viewers potentially have diverging opinion on the visual benefit of adding grain to an existing video. Since sequences are presented in original / impaired pairs, where the impaired sequence may (test) or may not (anchor) contain added grain, it is deemed preferable to select sequences that originally contain grain, so that viewers opinion is not biased against test material that contain added grain.
[bookmark: _Hlk125016404][bookmark: _Hlk125016443]It would be desirable to continue collecting a set of sequences with diverse film grain characteristics, such as several types of film stock, or digital camera noise. Scenes from old movies may be of interest, since they tend to contain coarse and strong grain.
The final selection would contain a set such that a balance of content characteristics can be achieved.
· Rate selection and film grain parameters
a. For each sequence, a set of 4 rate points is first selected, that should span the MOS range leaving headroom for FGS improvement at the highest quality.
b. Film grain synthesis parameters should be chosen such that, when synthesis is applied to the highest quality point, the results would be visually similar to the original grain.  Automatic method for parameter selection is intended, to be developed by experiments including manual parameter tuning.
i. The first step is the preparation of a configuration file for each test sequence, so that grain synthesized on top of the highest quality point is similar to original. This configuration is cross-checked by experts from different organizations.
ii. A second step may be to select or develop an automatic parameter selection method.
c. Rate points for the test are the same encodings as the anchor, but with FGC SEI message inserted and synthesis enabled after decoding. Rate matching, accounting for the SEI message size, should be within range of 2%. Film grain synthesis parameters conveyed by the FGC SEI message should be based on step b, though a global scaling of film grain strength is allowed for each rate point, leaving other parameters unchanged. A predefined rule is intended to determine the global scaling factor, e.g. based on QP, and is to be studied in exploratory experiments.
· Other experiments, making use of known clean source
a. Test material that contain clean/grainy pairs (like the ones from JVET-AF0262) may further allow evaluating the following:
i. Impact of input grain on encoding performance, for QPs where the encoder removes grain anyway: rate and visual quality difference. Objective performance may be difficult to assess, as the pairs are not perfect (DC bias, color shifts, making cross-PSNR unreliable).
ii. Impact of using a clean input for all encodings of category 1 (MOS range 3 – 8, with grain always removed). Is gain improved ?
iii. Impact of using a clean input for the FGS version of “high quality” operating point. The bitrate gap with native grain encoding would likely increase further.
· Report on activity by input document to the 34th JVET meeting: more candidate sequences, rate points, grain parameters.
· Dry runs (at or after 34th JVET meeting), to be reviewed in an AHG meeting.
· Final report at 35th JVET meeting (tentative)
Assessment of effect of film grain synthesis at high visual quality
Coding and film grain synthesis conditions
The following test conditions are suggested to be used for the verification test.
1. Number of sequences, video resolutions and frame rates:
a. Five or more sequences at HD (1920×1080) and/or UHD resolution (3840×2160) with not less than 4 sequences for a specific resolution.
b. Standard dynamic range
c. Both video (50/60) and film-like (24/25) frame rates
2. Bitstreams
a. Anchor and test are both encoded with VTM-23.1 (latest available)
b. Test bitstreams contain FGC SEI messages intended to approximate the film grain of the source
3. Film grain synthesis
a. Anchor is viewed without film grain synthesis
b. Test is viewed with film grain synthesis added, using a synthesis software that supports signalled FGC SEI parameters:
i. Latest implementation as provided with the VTM, supporting the frequency-filtering as well as auto-regressive model.
ii. Additional implementations could be considered.
4. Encoding parameters 
a. Fixed QP. Two test points:
i. Anchor uses a QP where the film grain is just preserved
ii. Test point uses a QP where the film grain is just removed. FGC SEIs are added every intra frame.
b. Bit depth of 10 bits for all sequences
c. Coding structure
i. UHD using Random access, RA (storage/streaming)
1. Intra refresh at approximately 1 second intervals.
2. GOP size 32
3. Picture reordering allowed.
d. Other settings as in the configuration files, with the Picture Hash SEI deactivated for the measurement of bit rate
i. VTM: cfg/encoder_randomaccess_vtm.cfg
ii. Film grain parameters: film grain configuration file to be provided for each sequence.
Test sequences
Current candidates are the same as in 4.1.2.
Table 2 – Candidate QP settings for “replacement grain” category
	Test sequence
	QPs

	CrowdRun
	16 (grain just preserved)
TBD (grain just removed)

	OldTownCross
	16 (grain just preserved)
TBD (grain just removed)

	DinnerScene
	14 (grain just preserved)
TBD (grain just removed)

	[other sequences to be added]
	[QP selection]



Timeline and methodology for test conditions refinement
To be refined.
· Rate selection and film grain parameters:
a. The high quality rate points for anchor and test are determined by expert examination, and cross-checked by other experts from different organizations:
i. One rate point where film grain is just preserved, providing an indication of the bitrate needed to encode the grain (target MOS is 10).
ii. One rate point where film grain is still present but significantly impaired while the underlying video is still very well preserved.
iii. One rate point where film grain is mostly removed and the underlying video might start to be impaired. The goal is to reach an equivalent MOS (just under 10) to (ii) when film grain synthesis is applied to (iii), resulting in different types of impairments but comparable scores. This will give an indication of rate savings at high video quality.
b. Rate points for the test are the same encodings as the anchor, but with FGC SEI message inserted and synthesis enabled after decoding. Rate matching, accounting for the SEI message size, should be within range of 2%. Film grain synthesis parameters conveyed by the FGC SEI message should allow a close approximation of the source film grain when synthesized on top of ii or iii.

Assessment of texture similarity between original and synthetized grain
This category is to be defined as a next development step.
Film grain synthesis conditions
[Ed.note:
· Selection of test material and baseline
· Selection of suitable test sequences 
· Definition of denoised baseline, e.g.: state of the art denoiser (TBD), VTM encoding at well-chosen QP (to be tested, may not work on all sequences), ground truth for post-production synthetic grain.
· Configuration of synthesis: levels of parameter complexity, models to be used, how parameters are set/determined, etc.
]
Test method
[Ed.note: likely an assessment from a variety of experts/specialists. Dedicated texture similarity metrics could be helpful too].
[Ed note: maybe make a report (potentially a whole test category) about tuning the grain to match original and the level of fidelity achieved, using split screen and the python-based graphical tool discussed in JVET-AG0324. Maybe also consider a report on observed characteristics of scanned film, and maybe also provide example parameters for typical films ?]
Test sequences
It would be desirable to continue collecting a set of sequences with diverse film grain characteristics, such as several types of film stock, or digital camera noise. Scenes from old movies may be of interest, since they tend to contain coarse and strong grain.
Test material is expected to be provided in the form of clean/grainy pairs. For film content, the clean version can come from a VTM encoding or an external denoiser, to be documented. An analysis of grain characteristics would also be helpful.
It is also considered to generate artistic grain on top of clean content; in that case, both the clean version and grain are provided as ground truth. A description of the characteristics of the synthetic grain is desired.
Timeline and methodology for test conditions refinement
· Selection of sequences: […]
· Denoised baseline: […]
· Film grain parameters: […]
· Report on activity by input document to the 34th JVET meeting: candidate sequences, grain parameters, experimental results
· Expert assessment before/around 35th meeting (July)
· Final report at 35th or 36th JVET meeting
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