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Summary

This contribution claims the necessity of development of a so-called full-reference objective model in addition to a no/reduced-reference model. In addition, it proposes some specifications on the testing conditions taking into account the expected applications in the market.

1.
Introduction

The test plan for multimedia objective quality measures has been discussed in VQEG. It is not necessarily clear whether we should develop a full-reference model, a no/reduced-reference model, or both. This contribution first gives an overview of development of objective speech quality measures in ITU, in order to foresee the market needs for multimedia objective quality assessment tools. We then categorize multimedia applications and provide rough specifications on testing conditions for each category.

2.
Review of objective speech quality assessment
ITU-T SG12 has long been studying the objective quality measurement of speech. To see the market needs for objective video quality measurement technologies, it is worth reviewing what happened and is happening in the field of speech quality assessment. 
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Table 1

Three categories for objective quality

-

assessment methodologies.

Objective quality assessment methodologies can be categorized into several groups from the viewpoints of aim, measurement procedure, input information, and MOS for estimation (see Table 1). In this contribution, we call objective quality assessment methodologies that exploit quality design parameters and produce estimates of conversational MOS “opinion models,” those that require speech signals as inputs and produce estimates of listening MOS “speech-layer objective models,” and those that exploit IP packet characteristics and produce estimates of listening MOS “packet-layer objective models.” Figure 1 is a review of the history of these technologies at the ITU. In this contribution, we focus upon speech-layer objective models.
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2.1
What to evaluate

The study of speech-layer objective models started with the use of signal-to-noise ratio (SNR) as a means for evaluating PCM-coded speech. In  the latter half of the 1980s, several objective models which exploited spectral distortion rather than waveform distortion were proposed as means of objective quality assessment that are more applicable to the evaluation of low-bitrate codecs. However, due to their lack of accuracy in estimation, none was standardized as an ITU-T Recommendation. Later, a model based on the bark spectral distortion provided adequate accuracy, and was the basis for Recommendation P.861 “Perceptual Speech Quality Measure (PSQM)” in 1998.

Since this approach only shows sufficient performance under error-free coding conditions, it is inapplicable to the evaluation of VoIP speech in general, which often suffers from packet loss. Therefore, the next target for standardization was the development of a method which is applicable to evaluation of the effects of discontinuous forms of degradation such as packet loss in VoIP and bit errors in mobile communications. Consequently, a compromise between the algorithms of PAMS and PSQM+ was standardized as Recommendation P.862 “Perceptual Evaluation of Speech Quality (PESQ)” in 2001. 
2.2
How to evaluate

2.2.1
Full-reference approach

Since P.862, as well as P.861, is a “full-reference” objective model, that is, it requires input test speech as a reference, its main application is active measurement in which test speech samples are fed into the system under test and the original speech is compared with the post-transmission speech. Although it cannot estimate subjective quality passively, P.862 has been quite widely used for assessing end-to-end listening quality by IP-telephony service providers. For example, they use P.862 in order to determine the network performance requirements (e.g., packet-loss rate, packet delay jitter) which guarantee the required end-to-end listening quality. In addition, they often use P.862 for actively monitoring end-to-end quality between any two locations applying predetermined test speech samples as input.

Since full-reference objective quality assessment is expected to have better accuracy than “reduced- /no-reference” ones, the market need for full-reference technique clearly exists. In particular, for estimating subjective quality with sufficient accuracy, a full-reference approach is the most promising way.

2.2.2
No-reference approach

It is advantageous if one can estimate end-to-end quality without reference signals because that enables passive quality monitoring of live services. For speech, such technologies have been studied from two different approaches: one is based on speech measurement just like P.862 but without reference speech, and the other is based on IP-packet measurement. These two technologies will be standardized quite soon in SG12.

These standards will provide IP-telephony service providers of means for monitoring the end-to-end quality on call-by-call basis. Consequently, they will be able to manage the QoS more appropriately if the accuracy of quality estimation by these methods is sufficiently high.

These monitoring tools will not substitute for P.862, which is a full-reference method. Rather, the market will utilize these tools respectively, depending on what they want to do. That is, for example, if they need to determine the network performance requirements in a macroscopic sense, they will use P.862; if they need to know the QoS for specific users on a real-time basis, they will use no-reference methodologies.

3.
Testing conditions for each service scenario
Taking various applications using audio and video media into account, several different categories should be tested differently in terms of test sequences, bit rate, frame rate of video, and packet-loss rate as shown in Table 2. The values in the table are provisional, but they can be a good starting point of discussion. In addition, such categorization helps us to decide what can be assessed by a forthcoming standard and what can not in the final stage of the standardization.
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4.
Summary

We reviewed the history and current standardization work on objective speech quality measures in ITU. Since both full-reference and no-reference models are being accepted by service and equipment providers of IP Telephony, the same situation is easily expected for multimedia communications. Therefore, we claim that VQEG should work not only on no-reference models but also full-reference models for multimedia applications. In addition, we proposed the provisional specifications for the test plan for each category of applications.
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