	ITU - Telecommunications Standardization Sector

STUDY GROUP 16 Question 6

Video Coding Experts Group (VCEG)

_________________

Fifteenth Meeting: 
	Document  VCEG-N18

Filename: VCEG-N18.doc

Generated: Sep. 20 ’01


	Question:
	Q.6/SG16 (VCEG)

	Source:
	Pankaj Topiwala, FastVDO Inc.                                     5565 Sterrett Pl., #322                                      Columbia, MD 21044 USA

Gary Sullivan, Microsoft Corp.                                                 One Microsoft Way
Redmond, WA 98052 USA
Anthony Joch and Faouzi Kossentini, Dept. ECE, Univ. of British Columbia, Vancouver, BC, Canada
	Tel:
Fax:
Email: 

Tel:
Fax:
Email:

Tel:
Fax:
Email:
	410-730-9191
410-730-2957
pnt@fastvdo.com

+1 (425) 703-5308
+1 (425) 936-7329
garysull@microsoft.com
604-808-4284
604-822-5949
{anthonyj,faouzi}@ece.ubc.ca

	Title:
	Performance Evaluation of H.26L, TML 8 vs. H.263++ and MPEG-4

	Purpose:
	Information.


Abstract.   We give a performance comparison of the draft ITU-T H.26L video coding standard. We compare H.26L to the highest capabilities of the most complex and newest versions of prior standards: the H.263++ High Latency Profile and the MPEG-4 Advanced Simple Profile, and provide benchmarks for its performance. Our analysis indicates that the draft H.26L standard offers compelling advantages over all existing video coding standards. It has the potential to redraw the landscape of consumer and enterprise video applications.

A.  Background

In the past 15 years, a variety of international digital video coding standards have been developed and have been the basis of a cornucopia of multimedia applications, including personal videophones, business videoconferencing, video CD, DVD, Digital TV (for satellite, broadcast, and cable distribution), and many others. New applications such as mobile video and digital cinema continue to emerge, and underscore the surprising breadth of scope undertaken by the standards organizations. Videophones and mobile video often require operation with bit rates of 64 kbps or less (e.g., 2.5G), while the emerging area of digital cinema (the digital distribution of feature films directly to movie theatres) is considering bit rates in the high tens of megabits per second and perhaps higher. The diversity of applications and the progression of technology development over time have resulted in a diversity of prior video coding standards to meet the needs, including in particular the H.261, H.263 (including its “H.263+” and “H.263++” annexes, and their recently-defined groupings into profiles), and the MPEG-1, MPEG-2, and MPEG-4 standards. Even within a particular standard, there can be a variety of sub-specifications called “profiles” and “levels” that delineate specific features, parameter settings and intended applications (e.g., MPEG-2, MPEG-4, and H.263 have several distinct profiles). Video data is usually associated with audio data and requires the ability to control and multiplex this and other data for synchronized playback. Therefore, higher-level “systems” designs that incorporate the video coding standards into specific application environments are fundamental considerations when measuring the usefulness of any video coding standard. Finally, the design should also consider the issue of contending with the physical transmission network (e.g., symbol errors, uni- or bi-directional channels, burst effects, real-time considerations, etc.).

The International Telecommunications Union – Telecommunications Standardization Sector (ITU-T) Video Coding Experts Group (VCEG), officially chartered as ITU-T Q.6/SG16, is now undertaking the design of the next generation of video coding standard in a project known as “H.26L”. Eschewing backward compatibility in favor of having a clean-slate design with forward-looking performance, the technology underlying the current design of the draft H.26L standard offers significant advantages over existing video coding technology, as benchmarked herein and elsewhere. This draft standard follows a long line of innovative prior standards from the ITU, known as the “H.26x” series, including:

· H.261 (also called “P times 64”), the first digital video coding standard that met with practical success, and became the basis of all subsequent video coding standards,

· H.262 (= MPEG-2 and developed jointly with ISO/IEC), today’s most successful digital video coding standard – used widely in DVD, broadcast, satellite, and cable DTV, and

· H.263 (and its new version extensions known as “H.263+” and “H.263++”), today’s dominant standard for video in videoconferencing and broadly applicable to a variety of other typical digital video applications.

It is likely that H.26L will eventually become H.264 upon final approval by the ITU, reflecting its position as the next generation of ITU standard – and thus far it appears that the current H.26L design is capable of providing significant improvements in compression performance for all progressive-scan video applications over prior standards (with the possible exception of Digital Cinema). Future work toward support of interlaced-scan applications with H.26L is expected.

The other primary international video coding standards organization is the well-known ISO/IEC Moving Picture Experts Group (MPEG), officially chartered as ISO/IEC JTC1/SC29/WG11. Its video coding standards include:

· MPEG-1 Video (officially ISO/IEC 11172-2), best known for Video CD applications and as a precursor to MPEG-2. It was based partly on ITU H.261, but added some key new features including bi-directionally predicted pictures and half-pixel motion compensation.

· MPEG-2 Video (officially ISO/IEC 13818-2 or ITU-T H.262), a standard developed jointly with ITU-T and described above, and

· MPEG-4 Visual (officially ISO/IEC 14496-2), the most recent video coding standard, containing a number of ground-breaking features such as support for object-oriented video coding, and expected to be deployed for a wide variety of products and applications in the near future (the most well-known deployment to date being support of its basic “Simple Profile” in the Microsoft Windows Media Player). MPEG-4 is based partly on technology adopted in the H.263 standard, and includes compatibility with the H.263 baseline profile. 

Today there is strong interest in the possibility of creating a single joint project for a near-term video coding standard design as was done previously for MPEG-2 video. In fact, MPEG recently issued a call for proposals for new video coding technology, and ITU/VCEG submitted the H.26L design as the starting point of a joint project proposal in response to that call. Arrangements for future joint work remain to be established, but it is our hope that both organizations will work together in the near future – enlarging the current H.26L project towards the development of a new standard design that is suitable for the broad ranges of applications that are being addressed by both organizations.

The current project plan for H.26L in the ITU calls for completion of the project and approval of the resulting ITU-T Recommendation (i.e. standard) sometime between the middle and end of 2002. However, this schedule may be adjustable as events unfold to provide some flexibility – particularly as a result of the creation of a joint project with MPEG. As of the time of this writing, H.26L is in its eighth major design draft – called TML-8 (test model long-term number 8), as established at the May/June 2001 meeting of ITU-T Study Group 16 in Porto Seguro, Brazil.

The primary focus of the H.26L work thus far has been to achieve a significant improvement in compression efficiency relative to prior standards for progressive-scan video content. Other major goals of the work include:

· Using a clean slate and “back-to-basics” design approach that results in an especially simple and efficient design specification,

· Having a “network-friendly” structure enabling straightforward adaptation for use over a variety of important communication network systems,

· Providing sufficient error and packet-loss resilience for use in mobile (e.g., 3G wireless), Internet, and other environments with unreliable data delivery, and

· Having the capability to be used for low-delay real-time applications.

Although the design process for H.26L has focused primarily on applications at relatively low bit rates and picture resolutions (primarily 176x144 QCIF and 352x288 CIF), the design appears to perform well at higher bit rates and resolutions also. In this paper, we give a brief overview of the current TML-8 design of ITU-T H.26L, as well as provide some performance benchmarks on representative test data relative to other test coding methods (particularly H.263, and MPEG-4).

B.  Simulation Results and Comparisons

In this section, we present simulation results comparing H.26L to the highest capabilities of the two most recently issued international video coding standards: ITU-T H.263 High Latency Profile, and ISO/IEC MPEG-4 Advanced Simple Profile. The impetus for this evaluation is that 1) the draft H.26L design has reached a certain level of maturity wherein it can be benchmarked against other well-known designs; and 2) the ITU-T H.26L design participated [m7511] in a recent call for proposals by MPEG [N4065].  While the results of MPEG’s subjective [N4240] tests have not been released yet, we performed a comparison of similar data using objective PSNR results.  We also provide a comparison of H.26L performance with that of the H.263 High Latency Profile under the same conditions.  Our results are intended mainly to serve as a practical reference to the strengths/weaknesses of the current design, in order to help gauge what work remains to reach completion of this project. These results were recently presented at the SPIE International Conference in San Diego in August, 2001 [spie]. 

Simulations were performed using test sequences and conditions as outlined in MPEG’s recent call for proposals for tools to improve video coding efficiency [N4065]. In these conditions, no on-line rate control algorithm is permitted. Instead, the average bit rate for each bitstream is achieved within a 2% tolerance using a fixed quantization step size with the possibility of one adjustment to the step size throughout the duration of the sequence. For our tests, all of the encoders employed a high-latency model, inserting 2 B-frames between pairs of reference frames. Highly efficient encoding was achieved in all encoders by using Lagrangian rate-distortion optimization methods, as described in [SullWieg] for the selection of motion vectors and the coding mode decision of each macroblock.

The H.26L results were generated using the publicly-available TML 8 code, configured to use arithmetic coding, quarter-pixel accurate motion compensation for QCIF and eighth-pixel for CIF sequences, and usually five temporally previous reference frames (a larger number was used in a few specific cases – three of the 24 cases used up to 25 reference pictures, equivalent to about 3 MB of additional memory at CIF resolution). The H.263 encoder implementation was the University of British Columbia H.263 Library version 0.3, which is available for research purposes to ITU-T members and research organizations for a small fee. H.263 bitstreams were compliant with H.263’s High Latency Profile, which includes most H.263 modes that improve coding efficiency, including use of five reference frames. Finally, our MPEG-4 implementation was developed by UB Video, and the generated bitstreams conformed to MPEG-4’s recently approved Advanced Simple Profile, which targets natural video streaming applications. These bitstreams included quarter-pixel accurate motion compensation. (The global motion compensation (GMC) feature of this MPEG-4 profile was not used, as that feature did not appear to provide a significant improvement in coding efficiency for the sequences in this test).

Our results confirm a substantial advantage in coding efficiency in terms of objective metrics to the H.26L design. Over a set of 24 experiments with four sequences and six bit rates, the H.26L design holds an impressive gain of 3 dB over a highly-optimized H.263 High Latency Profile implementation and an equally impressive average of 2 dB gain over a highly-optimized MPEG-4 Advanced Simple Profile implementation. These results are shown in Tables 6 and 7. Although such results are not presented here, the authors believe the gains in subjective quality actually exceed the amount of improvement that appears evident from the objective results – with subjective results approximately showing a 50% reduction in the bit rate needed to achieve a given level of fidelity.

In some cases the comparison to H.263 portrays somewhat of an under-representation of H.263’s potential achievable performance, as it restricts the number of reference pictures used for H.263 to the number allowed within the H.263 High Latency Profile (rather than always using the same amount of reference picture memory for H.263 as was used for H.26L). However we believed that since “High Latency” is the best-performing profile currently defined for H.263, exceeding its five-frame limit would harm the desire to compare against a well-defined configuration of the H.263 standard. The cases in which this constraint affects the H.263 results are marked with an asterisk “*” in Table 6.

The primary results presented here are for measuring H.26L performance relative to the highest-performance reference designs. But it is also useful to illustrate where H.26L stands in relation to a more well-known reference design for a more widely-deployed standard. Thus, before we proceed with our main comparison tables (Tables 2 and 3) versus optimized recent standards H.263 and MPEG-4, we pause to present a limited comparison of H.26L performance relative to the most well-known reference implementation of the best-known and most used video standard in the world today: MPEG-2. For this purpose we used the widely-known Reference Model 5 (software version 1.2) implementation of MPEG-2 encoding. On one challenging test sequence (Mobile and Calendar), H.26L came in fully 7.2 dB in average peak signal-to-noise ratio (PSNR) in luminance above this MPEG-2 reference, as shown in Table 1. For the two sequences listed in the table, an average 5.8 dB gain was shown. This illustrates clearly that the quality of all of the video being tested here is significantly beyond that which is commonly understood to be typical or achievable. It also illustrates to some extent how much H.26L represents a leap forward relative to what has been widely deployed to date.

Table 1: PSNR comparison of H.26L TML 8 vs. MPEG-2 VM 5, SW v. 1.2.

	Test
	H.26L TML-8

(2B+5/25R+AC+1/4v1/8)
	MPEG-2 RM 5
SW ver. 1.2
(not R-D optimized)
	
H.26L – MPEG-2

	
	
Y
	
CB
	
CR
	
Y
	
CB
	
CR
	
Y
	
CB
	
CR

	1024 kbps CIF 30 fps

	Mobile
	34.9
	36.7
	37.2
	27.7
	32.3
	32.5
	 7.2
	 4.4
	 4.7

	Tempete
	35.5
	37.1
	39.0
	31.1
	34.8
	36.7
	 4.4
	 2.3
	 2.3

	 
	 
	 
	 
	 
	 
	Avg:
	 5.8
	 3.4
	 3.5


We remark again that the main comparative results (Tables 2 and 3) were obtained using the highest complexity, highest performance profile/models available for the standards H.263 and MPEG-4, which have capabilities that are considerably beyond those of the more commonplace reference designs of unoptimized H.263 version 1 and MPEG-4 Simple Profile implementations. Therefore, these significant objective results, in combination with the subjective analysis of visuals shown at the presentation (see Figure 1), strongly suggest that the current design of the draft H.26L standard offers sufficient advantages over all existing video coding technologies to warrant adoption as a standard. Precisely how that will transpire now depends on the ITU-T VCEG committee, potentially in conjunction with the ISO/IEC MPEG committee.  However that
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Figure 1: MPEG-4 Adv. Simple @ 1 Mb/s (left), vs. H.26L @ 512 kbps (right), Mobile, frame 40. Subjectively, the H.26L sequence seems to be slightly preferred, at half the bit rate. 
plays out, we predict that the benefits of the new underlying technology in terms of consumer, enterprise, and media applications will be significant indeed. 
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Table 2: PSNR comparisons of H.26L TML 8 vs. H.263++, High-Latency Profile.

Note: The use of the asterisk “*” symbol in the table below indicates values that would change in favor of H.263 if the H.263 codec were to use the same (larger) number of reference pictures as was used for H.26L in these tests.

	Test
	H.26L TML-8

(2B+5/25R+AC+1/4v1/8)
	R-D. Opt. High-Com.
H.263 High Latency
(2B+DFIJTU(5)))
	
H.26L – H.263

	
	
Y
	
CB
	
CR
	
Y
	
CB
	
CR
	
Y
	
CB
	
CR

	32 kbps QCIF 10 fps

	Container
	38.5
	42.8
	42.5
	36.4
	42.2
	41.8
	 2.2
	 0.5
	 0.7

	Foreman
	31.9
	38.0
	38.3
	29.7
	37.6
	37.6
	 2.2
	 0.4
	 0.7

	News
	36.0
	38.7
	39.2
	33.0*
	38.0*
	38.6*
	 3.0*
	 0.7*
	 0.6*

	Tempete
	29.3
	32.9
	35.2
	26.7
	32.4
	34.7
	 2.5
	 0.4
	 0.5

	 
	 
	 
	 
	 
	 
	Avg:
	 2.5*
	 0.5*
	 0.6*

	64 kbps QCIF 15 fps 

	Container
	40.5
	44.1
	44.1
	38.1
	43.7
	43.5
	 2.4
	 0.4
	 0.6

	Foreman
	34.7
	39.4
	40.0
	32.1
	38.5
	38.7
	 2.6
	 0.9
	 1.3

	News
	39.4
	41.8
	42.4
	35.4*
	39.2*
	39.7*
	 4.0*
	 2.6*
	 2.7*

	Tempete
	31.3
	33.9
	36.0
	28.3
	33.1
	35.2
	 3.0
	 0.8
	 0.8

	 
	 
	 
	 
	 
	 
	Avg:
	 3.0*
	 1.2*
	 1.4*

	128 kbps CIF 15 fps

	Container
	36.7
	41.8
	41.6
	35.3
	42.1
	41.9
	 1.4
	-0.3
	-0.4

	Foreman
	33.3
	38.8
	40.0
	30.9
	38.4
	39.3
	 2.4
	 0.4
	 0.8

	News
	38.7
	41.0
	41.6
	35.9*
	40.1*
	40.7*
	 2.8*
	 0.9*
	 0.9*

	Tempete
	28.8
	33.7
	35.9
	26.4
	33.3
	35.6
	 2.4
	 0.4
	 0.4

	 
	 
	 
	 
	 
	 
	Avg:
	 2.3*
	 0.4*
	 0.4*

	256 kbps CIF 15 fps

	Bus
	29.4
	38.0
	39.3
	26.8
	37.7
	39.0
	 2.6
	 0.4
	 0.4

	Flower
	27.7
	31.8
	34.2
	24.9
	31.5
	33.9
	 2.8
	 0.4
	 0.4

	Mobile
	29.6
	33.0
	33.6
	25.9
	32.0
	32.4
	 3.7
	 1.1
	 1.2

	Tempete
	31.5
	35.0
	37.2
	29.0
	34.3
	36.6
	 2.4
	 0.7
	 0.7

	 
	 
	 
	 
	 
	 
	Avg:
	 2.9
	 0.6
	 0.7

	512 kbps CIF 30 fps

	Bus
	31.5
	38.8
	40.2
	28.6
	38.1
	39.3
	 2.9
	 0.7
	 0.9

	Flower
	29.9
	33.0
	34.7
	26.5
	32.1
	34.2
	 3.4
	 0.9
	 0.6

	Mobile
	31.3
	34.2
	34.8
	26.7
	32.4
	32.9
	 4.6
	 1.8
	 1.9

	Tempete
	32.7
	35.5
	37.7
	30.0
	34.9
	37.0
	 2.7
	 0.7
	 0.7

	 
	 
	 
	 
	 
	 
	Avg:
	 3.4
	 1.0
	 1.0

	1024 kbps CIF 30 fps

	Bus
	35.0
	40.1
	42.0
	31.9
	39.6
	41.2
	 3.1
	 0.5
	 0.7

	Flower
	33.6
	35.6
	36.4
	29.6
	33.6
	35.1
	 4.0
	 2.0
	 1.3

	Mobile
	34.9
	36.7
	37.2
	29.7
	34.5
	34.9
	 5.2
	 2.3
	 2.4

	Tempete
	35.5
	37.1
	39.0
	32.4
	36.4
	38.4
	 3.1
	 0.7
	 0.6

	 
	 
	 
	 
	 
	 
	Avg:
	 3.8
	 1.4
	 1.3

	 
	 
	 
	 
	 
	 
	 
	 
	 
	 

	 Overall
	 
	 
	 
	 
	 
	Min:
	 1.4
	-0.3
	-0.4

	 
	 
	 
	 
	 
	 
	Max:
	 5.2
	 2.6*
	 2.7*

	 
	 
	 
	 
	 
	 
	Avg:
	 3.0*
	 0.8*
	 0.9*


Table 3: PSNR comparisons of H.26L TML 8 vs. MPEG-4, Advanced Simple Profile.

	Test
	H.26L TML-8

(2B+5/25R+AC+1/4v1/8)
	R-D. Opt. High-Com.
MPEG-4 Adv. Sim.
(2B+1/4)
	
H.26L – MPEG-4

	 
	
Y
	
CB
	
CR
	
Y
	
CB
	
CR
	
Y
	
CB
	
CR

	32 kbps QCIF 10 fps

	Container
	38.5
	42.8
	42.5
	36.8
	42.7
	42.4
	 1.8
	 0.0
	 0.1

	Foreman
	31.9
	38.0
	38.3
	30.2
	37.5
	37.7
	 1.6
	 0.5
	 0.6

	News
	36.0
	38.7
	39.2
	33.3
	37.8
	38.8
	 2.8
	 0.9
	 0.4

	Tempete
	29.3
	32.9
	35.2
	27.8
	31.7
	34.3
	 1.5
	 1.1
	 0.9

	 
	 
	 
	 
	 
	 
	Avg:
	 1.9
	 0.6
	 0.5

	64 kbps QCIF 15 fps 

	Container
	40.5
	44.1
	44.1
	38.6
	44.0
	43.9
	 1.9
	 0.1
	 0.2

	Foreman
	34.7
	39.4
	40.0
	32.8
	38.8
	39.3
	 1.9
	 0.6
	 0.8

	News
	39.4
	41.8
	42.4
	35.8
	39.9
	40.6
	 3.7
	 1.9
	 1.8

	Tempete
	31.3
	33.9
	36.0
	29.4
	32.9
	35.4
	 1.9
	 1.0
	 0.7

	 
	 
	 
	 
	 
	 
	Avg:
	 2.3
	 0.9
	 0.9

	128 kbps CIF 15 fps

	Container
	36.7
	41.8
	41.6
	35.4
	42.1
	41.9
	 1.3
	-0.3
	-0.3

	Foreman
	33.3
	38.8
	40.0
	31.4
	38.2
	39.2
	 1.9
	 0.7
	 0.9

	News
	38.7
	41.0
	41.6
	35.8
	39.9
	40.8
	 2.9
	 1.1
	 0.8

	Tempete
	28.8
	33.7
	35.9
	27.6
	32.7
	35.3
	 1.3
	 1.0
	 0.6

	 
	 
	 
	 
	 
	 
	Avg:
	 1.8
	 0.6
	 0.5

	256 kbps CIF 15 fps

	Bus
	29.4
	38.0
	39.3
	28.2
	37.6
	39.2
	 1.2
	 0.4
	 0.1

	Flower
	27.7
	31.8
	34.2
	26.1
	30.9
	34.0
	 1.5
	 0.9
	 0.2

	Mobile
	29.6
	33.0
	33.6
	27.1
	32.4
	32.7
	 2.4
	 0.7
	 0.9

	Tempete
	31.5
	35.0
	37.2
	30.0
	34.3
	36.7
	 1.5
	 0.7
	 0.5

	 
	 
	 
	 
	 
	 
	Avg:
	 1.6
	 0.7
	 0.4

	512 kbps CIF 30 fps

	Bus
	31.5
	38.8
	40.2
	29.8
	38.3
	39.8
	 1.8
	 0.4
	 0.4

	Flower
	29.9
	33.0
	34.7
	28.1
	32.3
	34.9
	 1.8
	 0.7
	-0.2

	Mobile
	31.3
	34.2
	34.8
	28.6
	33.3
	33.7
	 2.8
	 0.9
	 1.1

	Tempete
	32.7
	35.5
	37.7
	30.9
	34.9
	37.3
	 1.8
	 0.6
	 0.4

	 
	 
	 
	 
	 
	 
	Avg:
	 2.0
	 0.7
	 0.4

	1024 kbps CIF 30 fps

	Bus
	35.0
	40.1
	42.0
	32.9
	39.9
	41.5
	 2.1
	 0.2
	 0.4

	Flower
	33.6
	35.6
	36.4
	31.4
	34.7
	36.7
	 2.2
	 0.9
	-0.3

	Mobile
	34.9
	36.7
	37.2
	31.4
	35.4
	35.8
	 3.6
	 1.3
	 1.4

	Tempete
	35.5
	37.1
	39.0
	33.3
	36.7
	38.8
	 2.2
	 0.4
	 0.2

	 
	 
	 
	 
	 
	 
	Avg:
	 2.5
	 0.7
	 0.4

	 
	 
	 
	 
	 
	 
	 
	 
	 
	 

	 Overall
	 
	 
	 
	 
	 
	Min:
	 1.2
	-0.3
	-0.3

	 
	 
	 
	 
	 
	 
	Max:
	 3.7
	 1.9
	 1.8

	 
	 
	 
	 
	 
	 
	Avg:
	 2.0
	 0.7
	 0.5








































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































