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1. Introduction
This document presents results on the compressibility of the film grain content introduced in JVET-AF0262 and in S4-231787. The sequences are compressed using the FFMPEG software and the encoding statistics are analyzed. Such information could be utilized when selecting content for different experiments or evaluations by different standardization organizations, such as the 3GPP or MPEG/JVET.

2. Overview
This contribution presents a compression performance analysis of the film grain content that was introduced in JVET-AF0262  [3] and which was generated using the Ground Truth [1] method. The test material includes scenes taken from the OpenMovie project “Tears of Steel” and other captured content encompassing a wide range of video characteristics. For each scene there exist 27 variants, a relatively noise-free version referred to as the “ground truth”, and 26 additional versions that add film grain noise of different characteristics on top of the ground truth version. These variants were created to enable the evaluation and design of different video processing techniques and compression algorithms in the presence of film grain noise. A complete list is shown in Table 1. 
[bookmark: _Ref147843073]Table 1: Noise Variants used
	#
	Noise name
	Type
	Film
	Color
	Comments

	0
	FP_16_grayscale
	Template
	16mm
	Grayscale
	

	1
	FP_35_grayscale
	Template
	35mm
	Grayscale
	

	2
	FP_35_digital_grayscale
	Template
	35mm
	Grayscale
	C.A.

	3
	FP_35_real_grayscale
	Template
	35mm
	Grayscale
	

	4
	FP_35_real_texture_grayscale
	Template
	35mm
	Grayscale
	

	5
	FP_35_soft_grayscale
	Template
	35mm
	Grayscale
	

	6
	FP_8_grayscale
	Template
	8mm
	Grayscale
	

	7
	FP_fine_grayscale
	Template
	
	Grayscale
	

	8
	FP_fine_texture_grayscale
	Template
	
	Grayscale
	

	9
	FP_organic_grayscale
	Template
	
	Grayscale
	

	10
	FP_16_color
	Template
	16mm
	Color
	

	11
	FP_35_color
	Template
	35mm
	Color
	

	12
	FP_35_digital_color
	Template
	35mm
	Color
	C.A.

	13
	FP_35_real_color
	Template
	35mm
	Color
	

	14
	FP_35_real_texture_color
	Template
	35mm
	Color
	

	15
	FP_35_soft_color
	Template
	35mm
	Color
	

	16
	FP_8_color
	Template
	8mm
	Color
	

	17
	FP_fine_color
	Template
	
	Color
	

	18
	FP_fine_texture_color
	Template
	
	Color
	

	19
	FP_organic_color
	Template
	
	Color
	

	20
	EF_Native_0_3
	Dynamic
	N/A
	Grayscale
	Final Cut

	21
	EF_Native_0_6
	Dynamic
	N/A
	Grayscale
	Final Cut

	22
	EF_Granularity_St64_Si64_B4
	Dynamic
	N/A
	Grayscale
	Granularity/Blend

	23
	EF_Granularity_St128_Si128_B4
	Dynamic
	N/A
	Grayscale
	Granularity/Blend

	24
	EF_Granularity_St64_Si64
	Dynamic
	N/A
	Grayscale
	Granularity/SoftLight

	25
	EF_Granularity_St128_Si128
	Dynamic
	N/A
	Grayscale
	Granularity/SoftLight


Note: C.A. => Contains Compression Artifacts

There has been some interest in using such content for different experiments in JVET and MPEG. However, given the number of film grain variants for each scene, it is also highly desirable to define a process of selecting for each scene only a subset of “representative” film grain variants so as to better focus and reduce the complexity of such experiments. This contribution provides a preliminary compression analysis for all the scenes and their film grain variants, which could be used for such selection process. Compression was performed using the x265 HEVC encoder [4], which is a popular open source HEVC compliant video encoder, and in particular using the libx265 encoding library included in the FFmpeg [5] project. 
It is expected that film grain would make each scene more complex to encode given its spatial and temporal impact on the content, compared to the ground truth reference. The impact on compression could then be analyzed to determine a metric of complexity for each film grain noise type added on each scene, which could then be used to characterize such noise. Such information could also be further augmented by additional experiments, e.g. by evaluating the performance of denoising on each noise type as discussed in [6].
3. [bookmark: _Ref156515596]Encoding Configurations
JVET-AF0262  [3] presented 20 new scenes to JVET, 11 from the OpenMovie project “Tears of Steel” and 9 from a newly created test set, named as the “Gregory Set”, which could be freely used for a variety of experiments and evaluations by the standardization and research community. For each scene there exist 27 variants, a “ground truth” variant that is relatively noise free, and 26 film grain variants that were produced using the ground truth version as a basis. 
To evaluate the coding behavior of each scene and film grain variant we have used the x265 HEVC encoder using a fixed QP configuration. In particular, the following encoding parameters, within the FFmpeg framework, were used:

ffmpeg -y -f rawvideo -loglevel error -pix_fmt yuv420p10le -psnr -tune psnr -qp-mode 0 -c:v libx265 -x265-params b-adapt=0:gop-lookaghead=0:rc-lookahead=25 -qp -codec=hevc                      -preset=slow -pass=1

This configuration generates bitstreams with the Main 10 profile, using single slice per frame, with a max coding unit size of 64x64 and a minimum CU size of 8x8. Additionally, it uses a max TU size of 32x32, with I, P and B coded frames are coded using a hierarchical structure with P frames repeating every 5th frame and a pyramid height of 3. Additionally, a constant quantizer is used to achieve rate control, which, although may not be the most efficient in terms of coding efficiency, ensures that every frame would be encoded with the same quantization parameter. We did not explore further on how to adjust the QP parameter according to the coding structure used. The QP range tested is [ 6, 13, 20, 27, 34, 41, 48 ]. The slow preset was used to provide better compression. 
In this test we only evaluated coding performance, especially since we did not have a homogeneous coding environment and did not collect any statistics about the encoding time of each test. Such information, however, may also be useful for evaluating further each film grain variant. 
For each encoding we collected the resulting bitrate and the PSNR metric compared to its input source. Given that, it should be highlighted that the PSNR values for different noise variant of the same scene should not be directly compared since they do not correspond to the same input. Instead, such numbers can be seen as an indicator of the complexity of each variant. In particular, it is expected that more complex noise variants added onto a scene will result in possibly lower PSNR and higher bitrate than a less complex noise variant. This information can then be used to characterize each noise variant for each scene.
To make it easier to compare the different noise variants we also introduce an additional metric computed as:

Where Bitrate(i,QP) and MSE(i,QP) are the total bitrate and overall luma component mean square error for a clip i resulting by encoding this clip with a quantization value equal to QP. This metric allows us to more easily rank the different noise variants. 
Then the complexity for a variant can be computed as:


4. Simulation Results
Figure 1 through Figure 11 show the rate distortion plots for all different scenes and their noise variants. It can be seen that, all noise variants, as expected, result in a worse rate-distortion trade-off compared to the ground truth method. It can also be seen that for all cases, variants FG21-FG25 seem to be the most complex to encode, with especially variant FG25 resulting always in the worst coding performance. The v1 of this document presents results for Tears of Steel. 
[image: ]
[bookmark: _Ref156515061]Figure 1. Rate distortion performance for all variants for the Tears of Steel “ToS” Scene 004
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Figure 2. Rate distortion performance for all variants for the Tears of Steel “ToS” Scene 021
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Figure 3. Rate distortion performance for all variants for the Tears of Steel “ToS” Scene 023
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Figure 4. Rate distortion performance for all variants for the Tears of Steel “ToS” Scene 029
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Figure 5. Rate distortion performance for all variants for the Tears of Steel “ToS” Scene 030
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Figure 6. Rate distortion performance for all variants for the Tears of Steel “ToS” Scene 044
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Figure 7. Rate distortion performance for all variants for the Tears of Steel “ToS” Scene 046
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Figure 8. Rate distortion performance for all variants for the Tears of Steel “ToS” Scene 062
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Figure 9. Rate distortion performance for all variants for the Tears of Steel “ToS” Scene 101
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Figure 10. Rate distortion performance for all variants for the Tears of Steel “ToS” Scene 135
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[bookmark: _Ref156515349]Figure 11. Rate distortion performance for all variants for the Tears of Steel “ToS” Scene 136
Figure 12 through Figure 22 show the performance of the average PSNR with the average bitrate for all variants for Tears of Steel.
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[bookmark: _Ref156515469]Figure 12. Avg PSNR vs. Avg. Bitrate for all variants for the Tears of Steel “ToS” Scene 004
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Figure 13. Avg PSNR vs. Avg. Bitrate for all variants for the Tears of Steel “ToS” Scene 021
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Figure 14. Avg PSNR vs. Avg. Bitrate for all variants for the Tears of Steel “ToS” Scene 023
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Figure 15. Avg PSNR vs. Avg. Bitrate for all variants for the Tears of Steel “ToS” Scene 029
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Figure 16. Avg PSNR vs. Avg. Bitrate for all variants for the Tears of Steel “ToS” Scene 030
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Figure 17. Avg PSNR vs. Avg. Bitrate for all variants for the Tears of Steel “ToS” Scene 044
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Figure 18. Avg PSNR vs. Avg. Bitrate for all variants for the Tears of Steel “ToS” Scene 046
[image: A graph with numbers and letters

Description automatically generated]
Figure 19. Avg PSNR vs. Avg. Bitrate for all variants for the Tears of Steel “ToS” Scene 062
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Figure 20. Avg PSNR vs. Avg. Bitrate for all variants for the Tears of Steel “ToS” Scene 101
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Figure 21. Avg PSNR vs. Avg. Bitrate for all variants for the Tears of Steel “ToS” Scene 135
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[bookmark: _Ref156515479][bookmark: _Ref156835068]Figure 22. Avg PSNR vs. Avg. Bitrate for all variants for the Tears of Steel “ToS” Scene 136
Figure 23 through Figure 33 show the complexity ratio for each variant i compared to the ground truth, computed by dividing average Complexity(i) by Complexity(0), where Complexity(0) corresponds to the complexity value, as defined in Section 3, for the ground truth variant. 
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[bookmark: _Ref156515531]Figure 23. Avg PSNR vs. Avg. complexity for all variants for the Tears of Steel “ToS” Scene 004
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Figure 24. Avg PSNR vs. Avg. complexity for all variants for the Tears of Steel “ToS” Scene 021
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Figure 25. Avg PSNR vs. Avg. complexity for all variants for the Tears of Steel “ToS” Scene 023
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Figure 26. Avg PSNR vs. Avg. complexity for all variants for the Tears of Steel “ToS” Scene 029
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Figure 27. Avg PSNR vs. Avg. complexity for all variants for the Tears of Steel “ToS” Scene 030
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Figure 28. Avg PSNR vs. Avg. complexity for all variants for the Tears of Steel “ToS” Scene 044
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Figure 29. Avg PSNR vs. Avg. complexity for all variants for the Tears of Steel “ToS” Scene 046
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Figure 30. Avg PSNR vs. Avg. complexity for all variants for the Tears of Steel “ToS” Scene 062
[image: A graph with numbers and letters

Description automatically generated]

Figure 31. Avg PSNR vs. Avg. complexity for all variants for the Tears of Steel “ToS” Scene 101
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Figure 32. Avg PSNR vs. Avg. complexity for all variants for the Tears of Steel “ToS” Scene 135
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[bookmark: _Ref156515539][bookmark: _Ref156835098]Figure 33. Avg PSNR vs. Avg. complexity for all variants for the Tears of Steel “ToS” Scene 136
The above figures show that several variants exhibit rather similar compressibility behavior. We could utilize this similarity to reduce the variants that could be evaluated for different applications. In particular, one can observe from these that several noise variants seem to be exhibiting similar compressibility behavior. Table 2 through Table 4 provide an initial grouping of all noise variants using K-means clustering. It should be noted that compressibility, however, is also impacted by the spatial and/or temporal characteristics of the original video. This can be seen by the fact that some noise variants may sometimes have been characterized as being of “Low complexity” and others as being of “Moderate complexity”. It may be prudent to also consider such characteristics when selecting the variant to be used for any experiments. 
It is interesting to note that in several instances the coloured version of a noise variant, e.g. FG 11 vs FG 1 and FG 18 vs FG 8, is classified in a more complex category. This is not unexpected since such variants now include noise not only in the luma channel but also in the coloured channels, making the content potentially more complicated to encode. Therefore, we should encourage the group, when selecting content, not to immediately reject one of these variants just solely on the fact of both of them being based on the same grain type but look at also other characteristics of each scene and their variants.


[bookmark: _Ref156515758]Table 2. Possible Low Complexity film grain noise variants for Tears of Steel
	Scene004
	5, 6, 10

	Scene021
	5, 6, 10, 15, 16

	Scene023
	6, 10

	Scene029
	5, 6, 10, 15, 16

	Scene030
	5, 6, 10, 15, 16

	Scene044
	5, 6, 10,16

	Scene046
	5, 6, 10

	Scene062
	5, 6, 10, 15, 16

	Scene101
	1, 2, 3, 4, 5

	Scene135
	10

	Scene136
	5, 6, 10, 16


Table 3. Possible Moderate Complexity film grain noise variants for Tears of Steel
	
	      Moderate0
	Moderate1
	Moderate2

	Scene004
	4, 8, 15, 16, 18
	1, 2, 3, 7, 9, 11, 14, 20, 22
	12, 13, 17, 19

	Scene021
	1, 3, 4, 8, 9, 11, 14, 18
	2, 7, 12, 13, 17, 19, 20, 22
	24

	Scene023
	1, 4, 5, 8, 14, 15, 16, 18
	2, 3, 7, 9, 11, 12, 13, 17, 19, 20, 22
	24

	Scene029
	1, 4, 8, 14, 18
	2, 3, 7, 9, 11, 12, 13, 17, 19, 20
	22, 24

	Scene030
	1, 4, 8, 14, 18
	2, 3, 7, 9, 11, 12, 13, 17, 19, 20
	22, 24

	Scene044
	1, 4, 8, 14, 15, 18
	2, 3, 7, 9, 11, 12, 13, 17, 19, 20
	22, 24

	Scene046
	4, 8, 15, 16, 18
	1, 2, 3, 7, 9, 11, 14, 20
	12, 13, 17, 19, 22, 24

	Scene062
	1, 4, 8, 11, 14, 18
	2, 3, 7, 9, 12, 13, 17, 19, 20, 22
	24

	Scene101
	6, 7, 8, 9, 10, 11, 12, 13
	14, 15, 16, 17, 18, 19, 20, 21
	22

	Scene135
	5, 6, 15, 16
	4, 8, 14, 18
	1, 2, 3, 7, 9, 11, 12, 13, 17,19, 20

	Scene136
	1, 4, 8, 9, 14, 15, 18
	2, 3, 7, 11, 12, 13, 17, 19, 20
	22, 24



[bookmark: _Ref156515774]Table 4. Possible High Complexity film grain noise variants for Tears of Steel
	
	Complex0
	Complex1
	Complex2

	Scene004
	24
	21, 23
	25

	Scene021
	21
	23
	25

	Scene023
	21
	23
	25

	Scene029
	21
	25
	23

	Scene030
	21
	23
	25

	Scene044
	21
	23
	25

	Scene046
	21
	23
	25

	Scene062
	21
	23
	25

	Scene101
	23
	24
	25

	Scene135
	22, 24
	21
	23, 25

	Scene136
	21
	25
	23



Figure 34 through Figure 41 show the rate distortion plots for all different scenes and their noise variants for Gregory sequences. Similar analysis as for the ToS sequences is done in Figure 42 through Figure 57 and in Table 5 through Table 7.
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[bookmark: _Ref156835533]Figure 34. Rate distortion performance for all variants for the EggMixing
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Figure 35. Rate distortion performance for all variants for the ForestFocus

[image: A graph with different colored lines

Description automatically generated]
Figure 36. Rate distortion performance for all variants for the ForestZoom
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Figure 37. Rate distortion performance for all variants for the GoldenGatePan
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Figure 38. Rate distortion performance for all variants for the GoldenGateBridge
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Figure 39. Rate distortion performance for all variants for the Hiker
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Figure 40. Rate distortion performance for all variants for the IntoTheWoods
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[bookmark: _Ref156835550]Figure 41. Rate distortion performance for all variants for the TwirlingUmbrella
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[bookmark: _Ref156835302]Figure 42. Avg PSNR vs. Avg. Bitrate for all variants for the EggMixing
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Figure 43. Avg PSNR vs. Avg. Bitrate for all variants for the ForestFocus
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Figure 44. Avg PSNR vs. Avg. Bitrate for all variants for the ForestZoom
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Figure 45. Avg PSNR vs. Avg. Bitrate for all variants for the GoldenGatePan
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Figure 46. Avg PSNR vs. Avg. Bitrate for all variants for the GoldenGateBridge
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Figure 47. Avg PSNR vs. Avg. Bitrate for all variants for the Hiker
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Figure 48. Avg PSNR vs. Avg. Bitrate for all variants for the IntoTheWood
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Figure 49. Avg PSNR vs. Avg. Bitrate for all variants for TwirlingUmbrella
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Figure 50. Avg PSNR vs. Avg. complexity for all variants for the EggMixing
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Figure 51. Avg PSNR vs. Avg. complexity for all variants for the ForestFocus
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Figure 52. Avg PSNR vs. Avg. complexity for all variants for the ForestZoom
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Figure 53. Avg PSNR vs. Avg. complexity for all variants for the GoldenGatePan
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Figure 54. Avg PSNR vs. Avg. complexity for all variants for the GoldenGateBridge
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Figure 55. Avg PSNR vs. Avg. complexity for all variants for the Hiker
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Figure 56. Avg PSNR vs. Avg. complexity for all variants for the IntoTheWoods
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[bookmark: _Ref156835636]Figure 57. Avg PSNR vs. Avg. complexity for all variants for the TwirlingUmbrella

[bookmark: _Ref156835662]Table 5. Possible Low Complexity film grain noise variants for Gregory
	EggMixing
	10

	ForestFocus
	5, 6, 10, 16

	ForestZoom
	5, 6, 10, 15, 16

	GoldenGatePan
	5, 6, 10, 15, 16

	GoldenGateBridge
	5, 6, 10, 15, 16, 18

	Hiker
	6, 10

	IntoTheWoods
	10

	TwirlingUmbrella
	6, 10

	
	



Table 6. Possible Moderate Complexity film grain noise variants for Gregory sequences
	
	      Moderate0
	Moderate1
	Moderate2

	EggMixing
	4, 5, 6, 8, 15, 16, 18
	1, 3, 9, 11, 14
	2, 7, 12, 13, 17, 19, 20, 22

	ForestFocus
	4, 8, 14, 15, 18
	1,  2,  3,  7,  9, 11, 12, 13, 17, 19, 20
	22, 24

	ForestZoom
	1, 4, 8, 14, 18
	2, 3, 7, 9, 11, 12, 13, 17, 19, 20
	22, 24

	GoldenGatePan
	1, 4, 8, 14, 18
	2, 3, 9, 11, 20, 22
	7, 12, 13, 17, 19

	GoldenGateBridge
	1, 4, 8, 11, 14
	2, 3, 7, 9, 12, 13, 17, 19, 20, 22
	 24

	Hiker
	4, 5, 8, 15, 16, 18
	1, 2, 3, 9, 11, 14, 20, 22
	12, 13, 17, 19

	IntoTheWoods
	4, 8, 15, 16, 18
	4, 8, 14, 15, 18
	22, 24

	TwirlingUmbrella
	5, 6, 16
	1, 4, 14
	2, 3, 7, 9, 11, 12, 13, 17, 19, 20

	
	
	
	



[bookmark: _Ref156835664]Table 7. Possible High Complexity film grain noise variants for Gregory sequences
	
	Complex0
	Complex1
	Complex2

	EggMixing
	24
	21, 23
	25

	ForestFocus
	21
	23
	25

	ForestZoom
	21
	23
	25

	GoldenGatePan
	24
	21, 23
	23

	GoldenGateBridge
	21
	23
	25

	Hiker
	24
	7, 21
	23, 25

	IntoTheWoods
	1, 2, 3, 7, 9, 11, 12, 13, 17, 19, 20
	21
	23, 25

	TwirlingUmbrella
	22, 24
	21
	23, 25

	
	
	
	




5. Conclusion
This contribution presents an analysis of the encoding statistics of the synthesized film grain sequences introduced in JVET-AF0262 and S4-231787. The statistics were generated using the x265 encoder that is included in the FFmpeg package. Such statistics demonstrate the impact of film grain noise to the compression of a scene, and could be used to characterize each film grain variant. We would suggest that the group considers this information when selecting test content and film grain variants for any experiments it may wish to conduct. 
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