
3GPP TSG-SA-WG4 #36 Meeting
Tdoc S4-050494
September 5-9, 2005, Paris, France
Agenda Item
: 14.1
Source
: Qualcomm Europe S.A.R.L
Title
: Video codec performance requirements
Document for
: Discussion and Decision

1 Introduction

This document specifies a methodology for checking performance requirements of an implemented video codec. It can be extended to develop a TS or TR which can specify the performance requirements for a video codec implementation to ensure acceptable video quality for different applications and services across various 3GPP transport channels. This document is a resubmission of S4-AHVIC039.
2 General

To ensure acceptable quality of video in multimedia services it is important for the various implementations of video codec’s to achieve a minimal quality of decoded video. The typical video sequences, typical encoded bitrates and acceptable quality are application dependent and hence the requirements in general will be different for different applications. Additionally, the transport channels are error-prone, hence, the testing needs to be performed both over error-free and various error-prone conditions. 
Since, the acceptable video quality is in general application dependent, performance requirements needs to be verified separately for different applications. Section 3 provides explanation of the testing procedure and the detailed requirements for different application across both error-free and error-prone transport channels.

Annex A explains the digital test sequences to be used for performance requirments testing of video codec implementations and the error masks for simulation of error-prone test conditions. Note: the test sequences and error masks should be attached to this document.
Annex B provides details of the usage of the network simulator for testing in error prone transport channels.

3 Performance requirements testing
Testing of the encoder and decoder to meet performance requirments is done by meeting a set of minimum objective thresholds by means of objective measures. Note: the following methodology assumes the availability of a reference video codec.
Although the details of the performance requirements testing for the encoder and the decoder implementation for different applications depends on the comparison criteria given in sections 2.2.1 to 2.2.4, the following generic procedures applies for testing.

A generic procedure for encoder implementation performance requirements testing is that the reference decoder decodes the output of implemented encoder and the resulting video file is compared against the video file obtained when the reference decoder decodes the output of the reference encoder.

A generic procedure for decoder implementation performance requirements testing is that the implemented decoder decodes the output of the reference encoder and the resulting video file is compared against the video file obtained when the reference decoder decodes the output of the reference encoder.

A generic procedure for combined encoder and decoder implementation performance requirements testing is that the implemented decoder decodes the output of implemented encoder and the resulting video file is compared against the video file obtained when the reference decoder decodes the output of the reference encoder.

Performance requirements in error-prone conditions needs to be verified for 1 or more BLERs. In the case of multiple BLERs, performance requirements shall be achieved for all specified BLERs.

3.1 Objective quality measures

Objective measures are used for testing the fulfilment of minimum performance requirements. They shall be met by all implementations. Objective criteria used are Peak Signal-to-Noise Ratio (PSNR), standard deviation of PSNR(STD_PSNR), probability of degraded video duration (pDVD). Note: additional objective metrics may be added. 

3.1.1 PSNR

For a color video sequence, the average PSNR of a luminance component is defined as,
distn = Σj Σk (MSE(xj,k,yj,k))

PSNR  = (Σn 10 log10(255 x 255 / distn)) / N
where xj,k and yj,k are the pixel values of the nth original and reconstructed frames, respectively, N is the total number of frames, and MSE(a,b) is the mean square error between value a and b, i.e., MSE(a,b) = (a-b)2.
3.1.2 STD_PSNR

Standard deviation of PSNR is defined as,
STD_PSNR    = ((Σn (PSNRn - PSNR)2) / N)1/2
This metric captures the variability of PSNR over the entire video sequence.

3.1.3 pDVD

pDVD captures the percentage of the corrupted duration of the video sequence due to packet losses. It is defined as,

pDVD    = (Σn 1((PSNRnc - PSNRne)>Th)) / N
where, PSNRnc and PSNRne are the PSNR of the nth frame under error-free and error-prone conditions, respectively, 1(x) is 1 if x is true and 0 otherwise, and Th is a predefined threshold. Note: Th needs to be determined based on experiments, one possibility is to set Th=STD_PSNRc, where STD_PSNRc is the standard deviation of the PSNR for the video sequence under error-free conditions.
An example is shown in Figure 1. It can be observed that Case B provides lower pDVD when compared to Case A
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Figure 1: Example of PSNR trace in error-prone environment

3.2 Test conditions

 Different application require testing of either both encoder and decoder or only decoder. Also, the channel conditions can be error-free or error-prone. The table below lists the different conditions under which performance requirements need to be tested.

	Application
	Part(s) of codec tested
	Channel condition
	Objective criteria

	MMS
	Encoder and decoder
	Error-free
	PSNR

	PSC
	Encoder and decoder
	Error-free
	PSNR

	
	
	Error-prone
	PSNR, STD_PSNR, pDVD

	PSS
	Decoder
	Error-free
	PSNR

	
	
	Error-prone
	PSNR, STD_PSNR, pDVD

	MBMS
	Decoder
	Error-free
	PSNR

	
	
	Error-prone (with and without FEC)
	PSNR, STD_PSNR, pDVD


NOTE: Test sequences are only examples. For performance requirements testing in error-prone conditions, the BLERs need to be specified so as to generate the appropriate error masks.
3.2.1 MMS

3.2.1.1 Encoder requirements
For all test sequences the PSNR obtained shall exceed the respective PSNR values for the different bitrates and test sequences shown in table below.

	Test sequence
	Bitrate (kbps)
	PSNR (dB)

	Foreman
	TBD
	TBD

	
	TBD
	TBD

	
	TBD
	TBD

	Tempete
	TBD
	TBD

	
	TBD
	TBD

	
	TBD
	TBD

	…
	
	


3.2.1.2 Decoder requirements
For all test sequences the PSNR obtained shall exceed the respective PSNR values for the different bitrates and test sequences shown in table below.

	Test sequence
	Bitrate (kbps)
	PSNR (dB)

	Foreman
	TBD
	TBD

	
	TBD
	TBD

	
	TBD
	TBD

	Tempete
	TBD
	TBD

	
	TBD
	TBD

	
	TBD
	TBD

	…
	
	


3.2.1.3 Combined encoder and decoder requirements
For all test sequences the PSNR obtained shall exceed the respective PSNR values for the different bitrates and test sequences shown in table below.

	Test sequence
	Bitrate (kbps)
	PSNR (dB)

	Foreman
	TBD
	TBD

	
	TBD
	TBD

	
	TBD
	TBD

	Tempete
	TBD
	TBD

	
	TBD
	TBD

	
	TBD
	TBD

	…
	
	


3.2.2 PSC

3.2.2.1 Error-free channel conditions

3.2.2.1.1 Encoder requirements
For all test sequences the PSNR obtained shall exceed the respective PSNR values for the different bitrates and test sequences shown in table below.

	Test sequence
	Bitrate (kbps)
	PSNR (dB)

	Carphone
	TBD
	TBD

	
	TBD
	TBD

	
	TBD
	TBD

	News
	TBD
	TBD

	
	TBD
	TBD

	
	TBD
	TBD

	…
	
	


3.2.2.1.2 Decoder requirements
For all test sequences the PSNR obtained shall exceed the respective PSNR values for the different bitrates and test sequences shown in table below.

	Test sequence
	Bitrate (kbps)
	PSNR (dB)

	Carphone
	TBD
	TBD

	
	TBD
	TBD

	
	TBD
	TBD

	News
	TBD
	TBD

	
	TBD
	TBD

	
	TBD
	TBD

	…
	
	


3.2.2.1.3 Combined encoder and decoder requirements
For all test sequences the PSNR obtained shall exceed the respective PSNR values for the different bitrates and test sequences shown in table below.

	Test sequence
	Bitrate (kbps)
	PSNR (dB)

	Carphone
	TBD
	TBD

	
	TBD
	TBD

	
	TBD
	TBD

	News
	TBD
	TBD

	
	TBD
	TBD

	
	TBD
	TBD

	…
	
	


3.2.2.2 Error-prone channel conditions

3.2.2.2.1 Encoder requirements
For all test sequences the objective metrics obtained shall exceed the respective objective metric values for the different bitrates and test sequences shown in table below.

	Test sequence
	Bitrate (kbps)
	PSNR (dB)
	STD_PSNR (dB)
	pDVD (%)

	Carphone
	TBD
	TBD
	TBD
	TBD

	
	TBD
	TBD
	TBD
	TBD

	
	TBD
	TBD
	TBD
	TBD

	News
	TBD
	TBD
	TBD
	TBD

	
	TBD
	TBD
	TBD
	TBD

	
	TBD
	TBD
	TBD
	TBD

	…
	
	
	
	


3.2.2.2.2 Decoder requirements
For all test sequences the objective metrics obtained shall exceed the respective objective metric values for the different bitrates and test sequences shown in table below.

	Test sequence
	Bitrate (kbps)
	PSNR (dB)
	STD_PSNR (dB)
	pDVD (%)

	Carphone
	TBD
	TBD
	TBD
	TBD

	
	TBD
	TBD
	TBD
	TBD

	
	TBD
	TBD
	TBD
	TBD

	News
	TBD
	TBD
	TBD
	TBD

	
	TBD
	TBD
	TBD
	TBD

	
	TBD
	TBD
	TBD
	TBD

	…
	
	
	
	


3.2.2.2.3 Combined encoder and decoder requirements
For all test sequences the objective metrics obtained shall exceed the respective objective metric values for the different bitrates and test sequences shown in table below.

	Test sequence
	Bitrate (kbps)
	PSNR (dB)
	STD_PSNR (dB)
	pDVD (%)

	Carphone
	TBD
	TBD
	TBD
	TBD

	
	TBD
	TBD
	TBD
	TBD

	
	TBD
	TBD
	TBD
	TBD

	News
	TBD
	TBD
	TBD
	TBD

	
	TBD
	TBD
	TBD
	TBD

	
	TBD
	TBD
	TBD
	TBD

	…
	
	
	
	


3.2.3 PSS

3.2.3.1 Error-free channel conditions

3.2.3.1.1 Decoder requirements
For all test sequences the PSNR obtained shall exceed the respective PSNR values for the different bitrates and test sequences shown in table below.

	Test sequence
	Bitrate (kbps)
	PSNR (dB)

	Foreman
	TBD
	TBD

	
	TBD
	TBD

	
	TBD
	TBD

	Football
	TBD
	TBD

	
	TBD
	TBD

	
	TBD
	TBD

	…
	
	


3.2.3.2 Error-prone channel conditions

3.2.3.2.1 Decoder requirements
For all test sequences the objective metrics obtained shall exceed the respective objective metric values for the different bitrates and test sequences shown in table below.

	Test sequence
	Bitrate (kbps)
	PSNR (dB)
	STD_PSNR (dB)
	pDVD (%)

	Foreman
	TBD
	TBD
	TBD
	TBD

	
	TBD
	TBD
	TBD
	TBD

	
	TBD
	TBD
	TBD
	TBD

	Football
	TBD
	TBD
	TBD
	TBD

	
	TBD
	TBD
	TBD
	TBD

	
	TBD
	TBD
	TBD
	TBD

	…
	
	
	
	


3.2.4 MBMS

3.2.4.1 Error-free channel conditions

3.2.4.1.1 Decoder requirements
For all test sequences the PSNR obtained shall exceed the respective PSNR values for the different bitrates and test sequences shown in table below.

	Test sequence
	Bitrate (kbps)
	PSNR (dB)

	Foreman
	TBD
	TBD

	
	TBD
	TBD

	
	TBD
	TBD

	Stefan
	TBD
	TBD

	
	TBD
	TBD

	
	TBD
	TBD

	…
	
	


3.2.4.2 Error-prone channel conditions

3.2.4.2.1 Decoder requirements
For all test sequences the objective metrics obtained shall exceed the respective objective metric values for the different bitrates and test sequences shown in table below.

	Test sequence
	Bitrate (kbps)
	PSNR (dB)
	STD_PSNR (dB)
	pDVD (%)

	Foreman
	TBD
	TBD
	TBD
	TBD

	
	TBD
	TBD
	TBD
	TBD

	
	TBD
	TBD
	TBD
	TBD

	Stefan
	TBD
	TBD
	TBD
	TBD

	
	TBD
	TBD
	TBD
	TBD

	
	TBD
	TBD
	TBD
	TBD

	…
	
	
	
	


3.3 Simulation methodology for error-prone conditions

The network simulator operates on RTP/UDP/IP packet streams (details and simulator software are in S4-040803). Figure 1 shows the procedure to map link layer errors onto RTP packet streams. When the link layer error mask indicates a PDU is lost all RTP packets corresponding to the lost PDU shall be dropped by the simulator. The inputs to the simulator are

· Link layer error masks

· Channel bitrate

· PDU size(s)

· Compressed size of RTP/UDP/IP header (optional, specified when RoHC is assumed to be used)

Multiple PDU size usage is supported by the simulator and this mode can be used when the physical layer is capable of supporting multiple PDU sizes.
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 Figure 1 Network simulator operation. The dropped portions of the bitstream at different layers are shown shaded. 

Annex A:
Codec test sequences for objective testing of Video codec (normative)

This Annex describes the test sequences and error masks used for objective testing of a video codec.

The companion archive “video_objective.zip” contains

· test items (original video files) 

· the reference encoder and decoder executables 

· the PDU error masks

These need to be specified 

Annex B:
Simulation environment:

Details of the network simulator usage needs to be added
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