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1 Introduction
This document provides a collection of valuable data and tools to be used within the 3GPP SA4 Work Item for Release 7 on “Video Codec Performance Requirements”. It should serve as a collection of different auxiliary tools which are considered to be helpful for the evaluation of video codec performance in 3GPP environments. Companies contributing to this work item can reference specific tools or metrics in this document such that the simulations are well defined. In subsequent work specific test conditions for different applications should be generated which reference tools and features in this document.
2 Rules for Inclusion and Removal

The following rules apply for the inclusions of new proposals in this document as well as for the removal of tools if they are not referenced:
· Proponents must provide all relevant data requested to be added to this permanent document by using change-bars to the latest version of this document or at least the format as proposed in here.
· The inclusion must be agreed by the SA4 video adhoc group.
3 Video Codec Software

This section contains video codec software possibly referenced by common conditions. Users are encouraged to study the licensing terms of the respective referenced software. 
3.1 H.263

not available
3.2 MPEG-4

not available
3.3 H.264/AVC
The test model software of the joint video team (JVT), JM10.0. 

Compared to the previous versions, the JM 10.0 decoder has added features of interest for 3GPP applications. Support for frame loss detection and error concealment has been added, with two optional error concealment modes, frame copy and motion copy.  

3GPP SA4 VAG is aware that JM10.0 encoder is not appropriate to test most 3GPP applications. Companies are encouraged to contribute software with more features.

It is expected that additional candidate reference software will be available before SA4#37. 
Accessibility:

H.264/AVC Test Model Software JM10.0
http://iphome.hhi.de/suehring/tml/
Encoder Options:

Configurable Encoder Options:

t.b.d.

Fixed Encoder Options:
t.b.d.

Decoder Options:

Configurable Decoder Options:

Error concealment options
Decoder configuration file of JM10.0 for the error concealment method:
Syntax
2 ........Err Concealment(0:Off,1:Frame Copy,2:Motion Copy)
Semantics
0. “Off”
t.b.d.

1. “Frame Copy”
For a lost video frame, each pixel value is copied from the corresponding pixel of a given decoded frame, e.g., the previously displayed frame.

2. “Motion Copy”

For a lost video frame, its motion field is first copied from a given decoded frame in the reference picture buffer, e.g., the latest available decoded reference frame. Then motion compensation is performed based on the motion field to reconstruct the lost frame. Each motion field unit consists of a motion vector and its reference index, and a unit is associated with a block area supported by H.264/AVC. 

If a motion field unit is missing in the reference frame due to intra coding, it is optional to estimate this information by various ways, e.g., by predicting from its available neighbors.
more t.b.d.

Fixed Decoder Options:

t.b.d.

3GPP related Issues:

 t.b.d.
Modifications of the software specifically for 3GPP SA4 purposes, e.g. error resilience issues, packet modes, etc., should be mentioned here.
4 Video Test Sequences
This section contains video test sequences to be used in for test and evaluation purposes for different 3GPP video applications. 
4.1 Foreman
	Sequence Name
	foreman

	Spatial Resolution
	QCIF, 

	Temporal Resolution
	30 fps,

	Sequence length
	300 frames, 10 seconds

	Color Space
	4:2:0

	Copyright status
	none

	SHA-1 Hash
	b9cc4accd3c73cec3a14a53d0a0b0a12b5c02c01

	Sequence Characteristics
	amateur, moving head, medium spatial details, camera pan,

	Available at (URL)
	3GPP internal data base (Dave Singer singer@apple.com)

	Further remarks
	none


4.2 3GPP SA4 Test Sequence 1: Stunt
	Sequence Name
	stunt_walk_friends_QCIF.yuv

	Spatial Resolution
	QCIF, 

	Temporal Resolution
	15 fps,

	Sequence length
	675 frames, 45 seconds

	Color Space
	4:2:0

	Copyright status
	This sequence is provided only for internal 3GPP testing purposes only.  Other uses, particularly any involving public display, demonstration, or presentation are reserved, and in these cases or if there is any doubt the copyright owners should be contacted for the appropriate permissions.

	SHA-1 Hash
	a750a896f5d005778748647a77146737b8bac726

	Sequence Characteristics
	amateur; handheld camera 

	Available at (URL)
	3GPP internal data base (Dave Singer singer@apple.com)

	Further remarks
	none


4.3 3GPP SA4 Test Sequence 2: Little Bugs
	Sequence Name
	bugs_QCIF.yuv

	Spatial Resolution
	QCIF, 

	Temporal Resolution
	25 fps,

	Sequence length
	793 frames, 31.21 seconds

	Color Space
	4:2:0

	Copyright status
	free for all uses

	SHA-1 Hash
	c7135f2a95a563c2ff88c24c1b1a714a580db457

	Sequence Characteristics
	amateur; handheld camera

	Available at (URL)
	3GPP internal data base (Dave Singer singer@apple.com)

	Further remarks
	none


4.4 3GPP SA4 Test Sequence 3: Little Car
	Sequence Name
	news_car_QCIF.yuv

	Spatial Resolution
	QCIF, 

	Temporal Resolution
	30 fps,

	Sequence length
	916 frames, 30.16 seconds

	Color Space
	4:2:0

	Copyright status
	This sequence is provided only for internal 3GPP testing purposes only.  Other uses, particularly any involving public display, demonstration, or presentation are reserved, and in these cases or if there is any doubt the copyright owners should be contacted for the appropriate permissions.

	SHA-1 Hash
	2392dc1ce5323d57624500c84ad6aef8ce7963b9

	Sequence Characteristics
	professional

	Available at (URL)
	3GPP internal data base (Dave Singer singer@apple.com)

	Further remarks
	none


4.5 3GPP SA4 Test Sequence 4: Large Car
	Sequence Name
	news_car_QVGA.yuv

	Spatial Resolution
	QVGA, 

	Temporal Resolution
	30 fps,

	Sequence length
	 frames, 30.16 seconds

	Color Space
	4:2:0

	Copyright status
	This sequence is provided only for internal 3GPP testing purposes only.  Other uses, particularly any involving public display, demonstration, or presentation are reserved, and in these cases or if there is any doubt the copyright owners should be contacted for the appropriate permissions.

	SHA-1 Hash
	1c5689510bb50a703587c8610f574b1f9e0ae6eb

	Sequence Characteristics
	professional

	Available at (URL)
	3GPP internal data base (Dave Singer singer@apple.com)

	Further remarks
	none


4.6 3GPP SA4 Test Sequence 5: Sports Sequence
	Sequence Name
	tbd

	Spatial Resolution
	QVGA, 

	Temporal Resolution
	tbd

	Sequence length
	tbd

	Color Space
	4:2:0

	Copyright status
	tbd

	SHA-1 Hash
	tbd

	Sequence Characteristics
	tbd

	Available at (URL)
	3GPP internal data base (Dave Singer singer@apple.com)

	Further remarks
	the sequence is not yet available


4.7 3GPP SA4 Test Sequence 6: Large Bugs

	Sequence Name
	bugs_QVGA.yuv

	Spatial Resolution
	QVGA, 

	Temporal Resolution
	25 fps,

	Sequence length
	793 frames, 31.21 seconds

	Color Space
	4:2:0

	Copyright status
	free for any use.

	SHA-1 Hash
	083a4fe3430d4f75cdded655c166609500a9c228

	Sequence Characteristics
	amateur; handheld camera

	Available at (URL)
	3GPP internal data base (Dave Singer singer@apple.com)

	Further remarks
	none


5 3GPP Transport Software

This section contains 3GPP transport software possibly referenced by common conditions.

Further details on the software must be specified, e.g. configuration files. 
Document S4-050685 includes an SA4 agreed simulator. 

The HSPDA/EUL part of the simulator in S4-050685 is not relevant for the Release-7 Work Item on Video Codec Performance.
6 3GPP Bearer Data and Configuration
This section contains configuration data for 3GPP transport software tools possibly referenced by common conditions. It could contain for example link layer error traces.

Note: parts might also be moved to specific test conditions
S4-040803 contains RLC-PDU loss patterns. Updates should be provided. This section should be aligned with RAN and GERAN groups. 
6.1 Error Patterns and Models

	Error Pattern Name
	<filename>

	Radio Access Network
	<UTRAN, GERAN>

	Target Application
	<PSC, PSS, MBMS, MMS>

	Type
	<Pattern, Model>

	Error/Loss Type
	<Bit error, RLC-PDU loss, RLC-SDU loss, IP loss>

	Source
	<Company> or <Doc Number> or <Standardization group> 

	Availability:
	<download address, document number, etc.>

	SHA-1 Hash
	<add hash for integrity protection>

	Detailed Parameters
	<Physical Layer model, bitrate, loss rates, etc.>

	Further remarks
	none


6.2 Bearer Configurations

This chapter should include combinations such as error patterns or models from 2, RLC mode such as acknowledged mode and unacknowledged mode, header compression modes, packet overheads, etc.

t.b.a.
7 Evaluation Metrics

This section contains video quality evaluation metrics possibly referenced by common conditions.
7.1 Definitions

	N
	Number of frames in the encoded video

	oi
	the luma pixel representation of the original frame i with i=1,…, N 

	ci
	the luma pixel representation of the encoded frame i with i=1,…, N

	ri
	the luma pixel representation of the reconstructed frame i with i=1,…, N

	di 
	the normalized sum-of-squared-difference (NSD) between the luma presentation of the original frame oi and the encoded frame ci

	ei
	the NSD between the luma presentation of the original frame oi and the reconstructed frame ri

	ti
	the presentation time-stamp of frame i with i=1,…,N

	PSNR(d)
	the transformation of the NSD d into the PSNR-domain defined as: 
PSNR(d)=10 log10(255*255/d)


7.2 Average Encoding PSNR

	Definition:
	PSNRc = 1/N Σi PSNR(di)

	Indications of metric:
	This metric indicates to some extent the overall quality of the transmitted video.

	Limitations of metric:
	· The metric does not take into account the timely variance as well as the duration of bad quality spikes of the sequence.

· The metric might not sufficiently take into account some specific coding artefacts.

	Further Remarks:
	This metric is commonly used in video coding standardization bodies.


7.3 Average Decoding PSNR
	Definition:
	PSNRr = 1/N Σi PSNR(ei)

	Indications of metric:
	This metric indicates to some extent the overall quality of the received video.

	Limitations of metric:
	· The metric does not take into account the timely variance as well as the duration of bad quality spikes of the sequence.

· The metric does not sufficiently take into account loss artefacts.

· The metric usually does not sufficiently weight individually bad or lost frames.

· The metric does not take into account timely offset in the decoding and presentation.

	Further Remarks:
	This metric is commonly used in video coding standardization bodies.


7.4 Standard Deviation of Decoded PSNR

	Definition:
	STDPSNR= (1/N · Σi (PSNR(ei)- PSNRr)2)1/2

	Indications of metric:
	This measure gives another point of view to see how variable the PSNR is during the entire sequence.

	Limitations of metric:
	· The metric does not take into account the timely variance.
· The metric might not sufficiently take into account some specific coding artefacts.

	Further Remarks:
	


7.5 Percentage Degraded Video Duration 
	Definition:
	pDVD(x)    = 1/N · Σi 1((PSNR(di) – PSNR(ei))>x) · 100
x is a threshold that needs to be specified and 1(y) is 1 if y is true and 0 otherwise

	Indications of metric:
	This metric is motivated from the fact that if the reconstructed clip at the receiver side is subject to longer corrupted duration, it will severely affect the human-visual perception. Regardless of how good it is during un-corrupted duration, it may still be unsatisfactory.

	Limitations of metric:
	· The metric does not take into account the timely variance of the quality of the sequence.

· The metric does not take into account the quality of the error-free video.

	Further Remarks:
	


7.6 PSNR of Average NSD
	Definition:
	PSNRNSD,c = PSNR(1/N Σi di)
PSNRNSD,r = PSNR(1/N Σi ei)

	Indications of metric:
	This metric indicates to some extent the overall quality of the received video. The metric significantly weighs bad looking frames, e.g. the quality and the variance of the sequence is taken into account in a single measure. 

	Limitations of metric:
	· The metric does not take into account the timely variance as well as the duration of bad quality spikes of the sequence.

· The metric might not sufficiently take into account specific loss artefacts.

· The metric does not take into account timely offset in the decoding and presentation.


7.7 Standard Deviation of Degraded Video Duration.

The inclusion of this metric is tentative to the provision of numbers on the SA4 e-mail reflector.
	Definition:
	i=0;

DVD2 = 0

dvd=0;
while( i < N)

if (PSNR(di) – PSNR(ei)>x)
dvd++ ;

else

dvd=0 ;

DVD2 += (dvd*dvd)

end

i++ ;

end

STDDVD= (DVD2/N –(pDVD/100)2)1/2

	Indications of metric:
	This metric allows indicating the time variance of the duration of degraded video. Longer times of bad video quality are more significant and higher weighted by the variance.

	Limitations of metric:
	The variance can not distinguish between short-term and long-term variance.

	Further Remarks:
	 


7.8 Percentage of Skipped Frames
	Definition:
	PSF    = 1/No · Σi 1(original frame oi skipped by encoder) · 100
1(y) is the indicator function with 1 if y is true and 0 otherwise

	Indications:
	The metric describes the performance of the encoder, especially in case that low-delay rate control needs to be used. 

	Limitations:
	The metric does not take into account the time variance of the frame rate.

	Further Remarks:
	· The metric might also be expressed at the average frame rate.

· The metric might be combined with the degraded video duration.


7.9 Standard Deviation of Consecutively Skipped Frames

	Definition:
	i=0;

PSF2 = 0

sf=0;
while( i < No)

if (original frame oi skipped by encoder)

sf++ ;

else

sf=0 ;

PSF2 += (sf*sf)

end

i++ ;

end

STDSF= (PSF2/No –PSF2)1/2

	Indications of metric:
	This metric allows indicating the time variance of the encoder frame rate.

	Limitations of metric:
	The variance can not distinguish between short-term and long-term variance.

	Further Remarks:
	Similar as for the percentage of skipped frames, the metric might be combined with the degraded video duration.


7.10 Subjective Viewing Guidelines

In the video codec standardization groups, e.g. VCEG, JVT, or MPEG, expert subjective video quality assessment during meetings forms an integral part of the proposal evaluation process.  Occasionally, even formal subjective tests (e.g. according to BT.500) are conducted.  The SA4 work item does not call for a competition towards new mechanisms in the video transmission chain that improve the performance.  Hence, it is believed that neither formal testing, nor regular subjective quality assessments are necessarily required to achieve our goals.  However, it appears desirable to “sanity check” the objective results at least occasionally, for the following reasons

1. Identify implementation bugs in the reference software (including, but not limited to, encoder, decoder, channel simulators, viewing tools, …) that are not captured by the objective metrics.  

2. Identify those test cases where the objective testing results differ significantly from the viewing experience.  If such a case is identified, it is up to the meeting consensus to react accordingly (e.g. deprecate the test case).

3. Increase the credibility of our results in SA4, SA, other SDOs, and in academia.

We will follow these guidelines in our subjective tests:
1. By default, no subjective assessments are performed during meetings.  Experts are expected to have performed such assessment, for their own proposals as well as for other proposals uploaded in time, before the meeting in the course of the regular meeting preparation process.

2. Sequences referred to by documents should be made available at the regular document deadline, in an appropriate format.  An appropriate format can, for example, be a compressed bit stream as received by the video decoder (after FEC and losses, if applicable) decodable by the reference decoder, a reconstructed YUV sequence, or a reconstructed YUV sequence that was re-encoded in a virtually loss-less, widely used coding mode (e.g. MPEG-4 at 1 MBit/s for a QCIF sequence).  Experts are encouraged to use common sense in choosing the format so to avoid unnecessary download times for colleagues travelling, while not introducing additional significant coding artefacts.

3. Any organization can formally or informally ask for subjective assessments during meetings, and those assessments are conducted according to normal document scheduling procedures.  In other words, formal requests gain scheduled agenda time, whereas informal requests made late or during the meeting will be granted on a time-available basis.  

4. Subjective assessment is performed by laptop demos to a data projector screen.  Only uncompressed YUV sequences are used.  Additional means of viewing (e.g. phone based demos) are encouraged when they offer insights that cannot be conveyed using laptop demos.  The YUV sequences should be available on CD-ROM to reduce laptop setup times.  

5. During subjective assessments, expert observations are recorded by the secretary, and put into the meeting report in an appropriate form.

6. It is suggested to augment the video playback with the resulting quality metric values (of whichever metric appears appropriate in the context) in an appropriate form.
8 Other Software Tools
This section contains valuable additional software tools possibly referenced by common conditions. This might include yuv-players, converters, etc.
8.1 Hash Algorithms
The Secure Hash Algorithm (SHA) version 1, SHA-1, should be used. Please check RFC3174 or search for online implementations.
For more information please check for example: 
http://en.wikipedia.org/wiki/SHA-1
http://www.msschulte.de/download.html
8.2 Players

t.b.a.
� Editor: Thomas Stockhammer (� HYPERLINK "mailto:stockhammer@nomor.de" ��stockhammer@nomor.de�), Siemens AG, Video Adhoc Group Chairman.





