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1 Introduction
Not only for IPTV, but also sound quality is one of the important factors as QoS/QoE prospective in multimedia service. There have been lots of studies and development in audio quality monitoring areas. 
In this contribution, we describe ‘audio quality monitoring’ which includes subjective and objective ones to delivery satisfactory audio quality to IPTV subscribers.
2 Proposal

We propose to fill section 9.2, “Audio quality monitoring” as below structure.

9.2 Audio Quality Monitoring
Audio quality can be carried out in two ways:
· Subjective assessment

· Objective assessment

9.2.1 Subjective quality monitoring [1]
There are a number of subjective audio quality measurement methods suggested in ITU-R BS. 1283-1. The methods used for the subjective assessment of sound quality itself and of the performance of audio systems depend to some extent on the intended purpose of the assessment. The output of the subjective tests is often an average of the quality ratings called Mean Opinion Score (MOS). 
The following five-grade scales should be used for the subjective assessment of sound quality or impairment.
	Quality
	Impairment

	5
	Excellent
	5
	Imperceptible

	4
	Good
	4
	Perceptible, but not annoying

	3
	Fair
	3
	Slightly annoying

	2
	Poor
	2
	Annoying

	1
	Bad
	1
	Very annoying


For comparison tests, either a method based on the following seven-grade comparison scale or one based on numerical differences using the above five-grade scales may be used. In general, these are not equivalent and may not give the same results. It is essential that the intended direction of the comparison be clearly indicated.
	Comparison

	3
	Much better

	2
	Better

	1
	Slightly better

	0
	The same

	–1
	Slightly worse

	–2
	Worse

	–3
	Much worse


ITU-R BS.1283-1 shows the list of Recommendations on subjective methods for audio quality assessment. Clearly, some areas of application overlap. The applicability of one or more of the Recommendations should be decided, based on the purpose of the tests, before the tests are designed.
9.2.2 Objective quality monitoring [2]
Since subjective quality assessments are both time consuming and expensive, it is desirable to develop an objective measurement method in order to produce an estimate of the audio quality. A number of methods for making objective perceptual measurements of perceived audio quality have been introduced during the last decade. The following six candidates for measurement methods were received: Disturbance Index (DIX), Noise-to-Mask Ratio (NMR), Perceptual Audio Quality Measure (PAQM), Perceptual Evaluation (PERCEVAL), Perceptual Objective Measure (POM) and The Toolbox Approach.
Perceptual Estimation Audio Quality (PEAQ), the full reference audio quality estimation method in the ITU-R BS-1387, is the result of a process where the performance of each of the above six methods was studied, and the most promising tools extracted and integrated into one single method. The recommended method has been carefully validated at a number of test sites. It has proven to generate both reliable and useful information for several applications. One must, however, keep in mind that the objective measurement method is not generally a substitute for arranging a formal listening test.

9.2.2.1 Applications

The basic concept for making objective measurements with the recommended method is illustrated in Fig. 1 below.
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FIGURE 1

Basic concept for making objective measurements


The measurement method in this Recommendation is applicable to most types of audio signal processing equipment, both digital and analogue. It is, however, expected that many applications will focus on audio codecs.

The following 8 classes of applications have been identified:
TABLE  1

Applications

	
	Application
	Brief description
	Version

	1
	Assessment of implementations
	A procedure to characterize different implementations of audio processing equipment, in many cases audio codecs
	Basic/Advanced

	2
	Perceptual quality line up
	A fast procedure which takes place prior to taking a piece of equipment or a circuit into service
	Basic

	3
	On-line monitoring
	A continuous process to monitor an audio transmission in service
	Basic

	4
	Equipment or connection status
	A detailed analysis of a piece of equipment or a circuit 
	Advanced

	5
	Codec identification
	A procedure to identify the type and implementation of a particular codec
	Advanced

	6
	Codec development
	A procedure which characterizes the performance of the codec in as much detail as possible
	Basic/Advanced

	7
	Network planning
	A procedure to optimize the cost and performance of a transmission network under given constraints
	Basic/Advanced

	8
	Aid to subjective assessment
	A tool for screening critical material to include in a listening test
	Basic/Advanced


9.2.2.3 Versions

In order to achieve an optimal fit to different cost and performance requirements, the objective measurement method recommended in this Recommendation has two versions. The Basic Version is designed to allow for a cost-efficient real time implementation, whereas the Advanced Version has a focus on achieving the highest possible accuracy. Depending on the implementation, this additional accuracy increases the complexity approximately by a factor of four compared to the Basic Version.

Table 1 gives some guidance on which version to apply for each of the applications.
9.2.2.4 The subjective domain

Formal subjective listening tests, e.g. those based on Recommendation ITU-R BS.1116, are carefully designed to come as close as possible to a reliable estimate of the judgment of the audio quality. One could, however, not expect the result from a subjective listening test to fully reflect the actual perception. Figure 2 illustrates the imperfections implicit in both the subjective and the objective domain.

It is obviously not possible to validate an objective method directly. Instead, objective measurement methods are validated against subjective listening tests.
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The PEAQ method has been focused on applications which are normally assessed in the subjective domain by applying Recommendation ITU‑R BS.1116. The basic principle of that particular test method can be briefly described as follows: the listener can select between three sources (“A”, “B” and “C”). The known Reference Signal is always available as source “A”. The hidden Reference Signal and the Signal Under Test are simultaneously available but are “randomly” assigned to “B” and “C”, depending on the trial.

The listener is asked to assess the impairments on “B” compared to “A”, and “C” compared to “A”, according to the continuous five‑grade impairment scale. One of the sources, “B” or “C”, should be indiscernible from source “A”; the other one may reveal impairments. Any perceived differences between the reference and the other source must be interpreted as an impairment. Normally, only one attribute, “Basic Audio Quality”, is used. It is defined as a global attribute that includes any and, all detected differences between the reference and the Signal Under Test.

The grading scale shall be treated as continuous with “anchors” derived from the ITU-R five-grade impairment scale given in Recommendation ITU-R BS.562 as shown below.
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The analysis of the results from a subjective listening test is in general based on the Subjective Difference Grade (SDG) defined as:



SDG  GradeSignal Under Test – GradeReference Signal
The SDG values should ideally range from 0 to –4, where 0 corresponds to an imperceptible impairment and –4 to an impairment judged as very annoying.
9.2.2.5 Resolution and accuracy

The Objective Difference Grade (ODG) is the output variable from the objective measurement method and corresponds to the SDG in the subjective domain. The resolution of the ODG is limited to one decimal. One should however be cautious and not generally expect that a difference between any pair of ODGs of a tenth of a grade is significant. The same remark is valid when looking at results from a subjective listening test.

There is no single figure which fully describes the accuracy of the objective measurement method. Instead, one has to consider a number of different figures of merit. One of them is the correlation between SDGs and ODGs. It is important to understand that there is no guarantee that the correlation will exceed a pre-defined value. The performance of the measurement method will most likely vary with, for example, the type and level of the introduced degradation.

Another figure of merit of interest is the number of outliers. An outlier is defined as a measured value which does not meet a pre-defined tolerance scheme. According to the user requirements, the measurement method should deliver the highest possible accuracy for the upper end of the grading scale (i.e. high audio quality). Consequently, the obtained accuracy is allowed to be lower in the middle and lower range of the grading scale.

Although the correlation normally gives a good estimate of the accuracy of the objective measurement method, it is important to keep in mind that even a relatively high correlation figure could hide an unacceptable performance (from the perspective of outliers) of a measurement method.

A third figure of merit which has been used during the validation process is the Absolute Error Score (AES), which reflects the average of the relation between the size of the SDG confidence interval and the distance between SDG and ODG.

9.2.2.6 Requirements and limitations

The signal from the Device Under Test and the Reference Signal must be time aligned with an accuracy of 24 samples during the complete measurement interval. The synchronization mechanism is not a part of this recommended method and is expected to be different from implementation to implementation.
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