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Summary
This contribution provides an overview of the AVC coding results for two different sets of high quality test sequences.
Sequence Set 1) JM 4.0d R-D plots are provided for a range of proprietary HD and SD content.  The HD content includes a mix of 1280 x 720/60P electronic camera live action (including sports) and 1920 x 1080/24P film source.  The film content was converted to 1280 x 720/24P HD by professional studio equipment for some sequences in this test.

Both forms were downconverted to 720 x 480P SD formats at the respective native framerates using DGFX proprietary conversion software for the balance of the sequences in this test.   Note that SD content carefully derived from oversampled HD sources tends to have a higher MTF and is generally more stressful to code.  It is now common practice in Hollywood to generate SDTV masters from 1080p sources.  As more 1080-line and 720-line electronically acquired programming becomes common, the SDTV derivatives may exhibit the same characteristic.
Sequences:

“Alias 720/24P” Film source, telecine’d, 1920 x 1080/24P original.  Converted to 1280 x 720/24P for this test.  Both camera motion and stationary-camera actor motion, many scene cuts, various textures, zoomed-in well lit people, abrupt luminance transition.  Moderate film grain.
“Alias 480/24P” Film source, telecine’d, 1920 x 1080/24P original.  Converted to 720 x 480/24P for this test.  Both camera motion and stationary-camera actor motion, many scene cuts, various texture, zoomed-in well lit people, abrupt luminance transition.  Some film grain.
“Football 720/60P” Electronic capture 1280 x 720/60P original.  Detailed crowd scenes with fast independent motion, scene cuts, saturated colors and textures.

“Football 480/60P” Electronic capture 1280 x 720/60P original converted to 720 x 480/60P for this test.  Detailed crowd scenes with fast independent motion, scene cuts, saturated colors and textures.

“Panasonic Girls 480/60P” Electronic capture 1280 x 720/60P original converted to 720 x 480/60P for this test.  Water, texture, skin tones.  Limited motion with daylight lighting.
“Oscars 480/60P” Electronic capture 1280 x 720/60P original converted to 720 x 480/60P for this test.   Bright lights, zooms and pullbacks, textures, crowd scenes.  Stationary and moving camera.

“Philips 480/24P” Film source, telecine’d 1920 x 1080/24P original.  Converted to 720 x 480/24P for this test.  Stationary camera.  Rigid body motion, transparent liquid motion, textures. 
“Preakness 480/60P” Electronic capture 1280 x 720/60P original converted to 720 x 480/60P for this test.   Highly detailed crowd scenes with motion, grass detail and other textures, zooms and pullbacks.  Extremely difficult content.
Other than the downconversion to SDTV (a process that filters the content) and the Philips content (which was DGFX Noise Reduced), no preprocessing was used on any of the other SD or HD content.

Sequence Set 2) JM 4.0d R-D plots are provided for 6 sequences at 1280 x 720/60P HD resolution in order to assist in the determination of viable maximum bitrate requirements for AVC Level definitions.  The HDTV content was selected from the new MPEG/JVT HD Test Sequences to facilitate independent verification. 

Sequences:

“Night”  Electronic capture at 1280 x 720/60P original.  Moving subjects with stationary camera.  Includes complex motion, flashing lights and fine detail.

“BigShips”  Electronic capture at 1280 x 720/60P original.  Slow pan of rigid-body motion of boats with water.  Includes high contrast edges and fine diagonal detail.
“Optis”  Electronic capture at 1280 x 720/60P original.  Rigid-body motion of boats with water.  Includes complex motion.
“City”  Electronic capture at 1280 x 720/60P original.  Primarily camera motion, but unsteady.  Low contrast with high detail.
“Crew”  Electronic capture at 1280 x 720/60P original.  Reasonably well-lit human subject matter.  Human motion with multiple textures including chrome.

“Raven”  Electronic capture at 1280 x 720/60P original.  Non-rigid subjects with camera motion.  Some non-rigid-body motion and some sharp edges.   Focus varies over the image so that fine detail comes in and out of focus as the subject is tracked. 

No preprocessing was performed on this content.
---
Test results for Set 1 and Set 2 with identical, but preprocessed, content will be provided at a later date.  
Discussion
It is generally assumed that the increased coding efficiency of the JVT design will result in common use at reduced operating points (bitrates) when compared with MPEG-2 today.  It is obvious that the efficiency of the new standard will be exploited by many businesses to achieve greater flexibility in managing their distribution assets (smaller pipes, more channels, additional services).  However, in some cases this will not be true.  Some businesses will leverage the increased quality potential and headroom of the AVC to further differentiate their product from competitors, especially during the transition from MPEG-2.  This is evidenced in the comments made by DTV network and D-Cinema stakeholders documented in JVT-E046.

Enabling a higher operating point than that specified in Level 4 as it currently stands (20 Mbits) could greatly facilitate early adoption and deployment by these businesses, as well as an AVC growth path in new application areas.   These results show substantial, continuing AVC quality gains above 20 Mbits across a range of high quality, high value content types.
It may be useful to observe that the 1280 x 720/60P content results reported in this document are detailed at approximately the same number of megapixels and macroblocks per second as the operating point of 1920 x 1080/24P content, this latter format being used in many of the D-Cinema deployments currently underway.

However, comparisons between these formats are difficult and can be misleading.  This is partly due to the different techniques used by cinematographers and videographers to manage the respective content creation processes.  24P acquisition is more demanding in some respects due to the propensity to inadvertently create judder and strobing if camera motion is too fast.  That degree of care may not be taken at 60 FPS capture.  So in one sense, the 24P film content may be less susceptible to temporal compression issues.

But by the same token, film grain and other artifacts inherent in 24P feature film content destined for theatrical release but electronically transmitted are not present in electronically captured 60P materiel.  These artifacts can make a great deal of difference in the efficacy of the proponent compression technologies.

Nevertheless, the fact that these two content types are operating at the same stress/performance levels as commonly determined by the Profile and Level metrics in contemporary CODEC standards must be considered.

Test Parameters & Test Results – See Annexes A & B
Conclusions
20 Mbits for Level 4 is too low for many current and emerging business applications.  The bitrate for Level 4 should be increased to at least 40 Mbits or a new Level 4.1 should be created for high quality (“Professional” or High Fidelity”) applications or both.
20 Mbps for Level 3.2 is generally adequate but may be marginal for some 24 and 60 FPS 720P HD content and the most demanding 480/60P content.
20 Mbps for Level 3.1 appears to be adequate for all but the most demanding 60 FPS 480P SD content.
8 Mbps for Level 3 appears to be adequate for all but the most demanding 24 FPS SD content.

---

Thanks to Eric Gsell, Kevin Stec and Chris Vogt for assistance in the preparation of these results.

Annex A, Sequence Set 1 - JM 4.0d
Resolutions: 1280x720P 60Hz, 1280x720P 24Hz, 720x480P 60Hz, 720x480P 24Hz

Hadamard transform: Used

Error robustness: Off

Search range: 16

MV resolution: 1/4-pel

No of ref. frames used in P pred: 2

No of ref. frames used in B pred: 2

Sequence type: IBBP with single I frame Initial coding
Entropy coding method: CABAC

Search range restrictions: none

RD-optimized mode decision: used

Data Partitioning Mode: 1 partition

Output File Format: H.26L Interim File Format

Intra Period: 0
Slice Mode: 1

Slice Argument: 100
ABT = 0 (not used)
 

QP settings: 
12 12 12
16 16 17
22 22 24
28 28 31
34 34 38
40 40 45
Note:  Higher QP settings used for B frames to improve coding efficiency.
[image: image1.emf]Rate Distortion Plot for Alias 720/24P
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[image: image2.emf]Rate Distortion Plot for Alias 480/24P

34.00

36.00

38.00

40.00

42.00

44.00

46.00

48.00

50.00

0.0002.0004.0006.0008.00010.00012.000

Mbits/sec

PSNR Y (dB)


[image: image3.emf]Rate Distortion Plot for Football 720/60P
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[image: image4.emf]Rate Distortion Plot for Football 480/60P

29.00

31.00

33.00

35.00

37.00

39.00

41.00

43.00

45.00

47.00

49.00

0.0005.00010.00015.00020.00025.00030.00035.00040.00045.000

Mbits/sec

PSNR Y (dB)


[image: image5.emf]Rate Distortion Plot for Panasonicgirls 480/60P
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[image: image6.emf]Rate Distortion Plot for Oscars 480/60P
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[image: image7.emf]Rate Distortion Plot for Philips 480/24P
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[image: image8.emf]Rate Distortion Plot for Preakness 480/60P

23.00

28.00

33.00

38.00

43.00

48.00

0.00010.00020.00030.00040.00050.00060.00070.00080.000

Mbits/sec

PSNR Y (dB)


[image: image9.emf]Rate Distortion Plots for HD Content
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[image: image10.emf]Rate Distortion Plots for SD Content
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[image: image11.emf]Rate Distortion Plots for SD-24P
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[image: image12.emf]Rate Distortion Plots for SD-60P
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[image: image13.emf]Rate Distortion Plots - All

20.00

25.00

30.00

35.00

40.00

45.00

50.00

0.00020.00040.00060.00080.000100.000120.000140.000

Mbits/sec

PSNR Y (dB)

Alias 720/24P

Football 720/60P

Alias 480/24P

Football 480/60P

Preakness 480/60P

Panasonicgirls 480/60P

Philips 480/24P

Oscars 480/60P


Annex B, Sequence Set 2 - JM 4.0d
Resolution: 1280x720P 60Hz
Hadamard transform: Used

Error robustness: Off

Search range: 16

MV resolution: 1/4-pel

No of ref. frames used in P pred: 2

No of ref. frames used in B pred: 2

Sequence type: IBBP with single I frame Initial coding
Entropy coding method: CABAC

Search range restrictions: none

RD-optimized mode decision: used

Data Partitioning Mode: 1 partition

Output File Format: H.26L Interim File Format

Intra Period: 0
Slice Mode: 1

Slice Argument: 100
ABT = 0 (not used)
 

QP settings: 
12 12 12
16 16 17
22 22 24
28 28 31
34 34 38
40 40 45 

[image: image14.emf]Rate Distortion Plot for Night 720/60P
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[image: image15.emf]Rate Distortion Plot for Big Ships 720/60P
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[image: image16.emf]Rate Distortion Plot for Optis 720/60P
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[image: image17.emf]Rate Distortion Plot for City 720/60P
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[image: image18.emf]Rate Distortion Plot for Crew 720/60P

30.00

32.00

34.00

36.00

38.00

40.00

42.00

44.00

46.00

48.00

50.00

0.00010.00020.00030.00040.00050.00060.00070.00080.00090.000100.000

Mbits/sec

Y PSNR (dB)


[image: image19.emf]Rate Distortion Plot for Raven 720/60P
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[image: image20.emf]Rate Distortion Plots - All
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