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ABSTRACT

The MBSD measure estimates speech distortion in the loudness domain, taking into account the
noise masking threshold in order to include only audible distortions in the calculation of the
distortion measure. Preliminary simulation results have shown improvement of the MBSD over the
conventional BSD [1] [2]. In this paper, the MBSD is improved by scaling noise masking threshold
and its performance is compared to that of ITU-T Recommendation P.861 [3] and MNB [4] ITU-T
Recommendation P.861A.

1. INTRODUCTION

Among the various different objective speech quality measures, we have been interested in the
perceptual distortion measures such as Bark Spectral Distortion (BSD) [5] and Perceptual Speech
Quality Measure (PSQM) [6]. PSQM has been recommended as an objective quality measurement of
telephone-band speech codecs by ITU. Since the development of the BSD, it has become a good
candidate for a highly correlated objective quality measure, according to severa researchers
[7][8][9]. The BSD measure is based on the assumption that speech quality is directly related to
speech loudness, which is a psychoacoustical term, defined as the magnitude of auditory sensation.
The BSD measure is the average squared Euclidean distance of estimated loudness of the origina
and the coded utterances.

Even though the conventional BSD measure showed a relatively high correlation with MOS, there
are areas for possible improvement. Motivated by the transform coding of audio signals, which uses
the noise masking threshold [10], the MBSD measure has incorporated this concept of a noise
masking threshold into the conventiona BSD measure, where any distortion below the noise
masking threshold is not included for the calculation of distortion. This new addition of the noise
masking threshold replaces the empiricaly derived distortion threshold value used in the
conventional BSD [5]. Since the MBSD compares the distorted speech to the origina speech, its
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performance would be sensitive to the temporal misalignment. So, a synchronization algorithm based
on loudness domain is applied prior to performing the MBSD [11].

In this paper, we describe the MBSD measure. The effect of noise masking threshold on the
estimation of distortion is discussed. The performance of the MBSD is improved by scaling noise
masking threshold and compared to that of ITU-T Recommendation P.861 and ITU-T
Recommendation P.861A.

2. MBSD MEASURE

The block diagram of the MBSD measure is shown in Fig. 1. There are three magjor processing steps.
loudness calculation, noise masking threshold computation, and computation of MBSD. The
loudness calculation transforms speech signal into loudness domain. In order to transform speech
into the loudness domain, the speech signal is processed in several steps: critical band analysis, equal-
loudness preemphasis and intensity-loudness power law. The procedure of loudness transformation is
same as that of the BSD [5]. However, there are two differences between the conventional BSD and
the MBSD. First, the MBSD uses the noise masking threshold for the determination of audible
distortion, while the BSD uses an empirically determined power threshold. Second, the computation
of distortion in the BSD is different from that of the MBSD. The BSD defines the distortion as the
average squared Euclidean distance of estimated loudness, while the MBSD defines the distortion as
the average difference of estimated loudnesses. We suggest that it is more important to use the
DMOS scores for the evauation of objective measures because the current objective measures are
comparison measures [11]. Thiswill be discussed further (below).
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Figure 1. Block diagram of MBSD method

The noise masking threshold is estimated by critical band analysis, spreading function application and
absolute threshold consideration [10]. This noise masking threshold estimation considers tone-
masking noise and noise-masking tone. The loudness of the noise masking threshold is compared to
the loudness difference of the origina and the coded speech to determine if the distortion is
perceptible. When the loudness difference is below the loudness of the noise masking threshold, this
loudness difference is imperceptible. Therefore, it is not included in the calculation of the MBSD.

In order to formally define the distortion for the MBSD, an indicator of perceptible distortion M(i) is
introduced, where i is the i-th critical band. When the distortion is perceptible, M(i) is 1, otherwise
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M(i) is 0. The indicator of perceptible distortion is obtained by comparing the loudness to the noise
masking threshold. The calculation of the MBSD is given by equation (1). Imperceptible distortion is
excluded in the MBSD calculation when M(i) is zero. The MBSD is then defined as the average
difference of estimated loudness which is perceptible.

N K
MBSD = =4 & MOL()- WOF
j=1 Wizt

where,
N : number of frames processed
K : number of critical bands
M(i) : Indicator of perceptible distortion at i-th critical band
L (i) : Bark spectrum of j-th frame of original speech

L\ (i) : Bark spectrum of j-th frame of coded speech

3. RESULTS AND DISCUSSION

In order to examine the performance of the MBSD, we performed severa different types of
experiments. Some results regarding the performance of the MBSD, as compared with P.861 and
P.861A, have been previoudly reported [12] [13]. In this paper, we show that the noise masking
threshold plays an important role in estimating perceptual speech quality. The performance of the
MBSD is compared to that of ITU-T Recommendation P.861 and P.861A.

For the experiments, we computed the MBSD measures frame by frame, with the frame length of
320 samples overlapping by a haf frame. Each frame was weighted by a Hanning window. We
processed only non-silence frames. We used a speech data set which included 5 MNRU conditions
and various different types of speech coders such as ADPCM, GSM, 1S54, FS1016, LD-CELP and
CELP. Since an objective quality measure is a comparison measure of two speech utterances and
MOS is an absolute measure, the MOS difference between the original speech and the coded speech
is used for the evaluation of objective speech quality measures with a second-order regression
analysis. In our experiment, 64Kbps PCM was regarded as original speech.

3.1. Effect of Noise Masking Threshold

Since the MBSD uses the noise masking threshold which determines if the distortion is perceptible, it
isworthwhile to examine the effect of the noise masking threshold on the performance of the MBSD.
In order to examine the effect of the noise masking threshold, we compare the performance of the
MBSD with and without the noise masking threshold. The estimated distortion for the MBSD
without the noise masking threshold has been computed by setting M(i), indicator of perceptible
distortion to 1. Figure 2 shows the performance of the MBSD without the noise masking threshold.
According to Figure 2, the MBSD without the noise masking threshold overestimates some
distortions because it simply calculates the loudness difference without considering perceptual
distortion. Figure 3 shows the performance of the MBSD with the noise masking threshold over the
same speech data set. It clearly shows that the overestimated distortion has been decreased and the
MBSD with the noise masking threshold gives a higher correlation with subjective quality measure.
Therefore, the noise masking threshold plays an important role in estimating perceptualy relevant
distortion of objective speech quality measure in the MBSD. It should be noted that P.861 and
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P.861A do not take into account the noise masking threshold in estimating perceptual distortion
[4][6].
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Figure 3. Plot of MBSD distortion with noise
masking threshold and MOS difference.
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Figure 2. Plot of MBSD distortion without
noise masking threshold and MOS difference.

3.2. Comparison of MBSD with P.861 and P.861A

Correlation coefficients with MOS scores have been the traditional evaluation tool for the
performance of objective speech quality measures. Yang et.al. have suggested that it is more
appropriate to use correlation coefficients with DMOS rather than MOS for evaluation of the
performance of objective speech quality measures [12]. One reason for this claim is based on the
observation of the difference between the MOS test and objective speech quality measures. While the
subjects in a MOS test determine the speech quality without the reference speech, objective speech
quality measures are based on the distortion using a reference. In our speech database, since the
associated DMOS scores were not available, we used the MOS difference instead of DMOS scores.

Table 1. shows the correlation coefficients of the MBSD, P.861 and MNB. As can be noted, there
are two correlation coefficients. One is the correlation coefficient with each speech file and the other
is with each condition or each coder. Since objective measures are used for the coder evaluation, the
correlation coefficient with each coder is usualy used. However, it should be noted that the
correlation coefficients with each coder could increase correlation coefficient by compensating two
oppositely correlated components. So, we report both correlation coefficients. The correlation
coefficient of the MBSD per speech is dightly better than P.861. However, the performance of the
MBSD per coder is not as good as P.861 and MNB 1.

Table 1. Correlation coefficients of MBSD |1 and other measures

Per Speech Per Coder
P.861 0.8933 0.9801
MNB | 0.8319 0.9658
MNB 11 0.8478 0.9833
MBSD 0.9001 0.9582
MBSD Il 0.9252 0.9851
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3.3. Improvement of MBSD by Scaling Noise Masking Threshold

We have shown here that there is an improvement of the performance of the MBSD by using the
noise masking threshold. However, since the noise masking threshold calculation is based on the
psychoacoustics in which single tones and narrow band noises are usually used, the noise masking
threshold might not be very accurate if it is directly applied to nonstationary signals such as speech.
So, we examined the performance of the MBSD by scaling the noise masking threshold. In other
words, M(i), the indicator of perceptible distortion, is determined by comparing the loudness
difference to the scaled noise masking threshold. Figure 4. shows the relationship between the
performance of the MBSD and scaling factor, and a scaling factor of 0.7 gives the highest correlation
coefficient per coder. The MBSD with a scaling factor of 0.7 is identified as MBSD II. In Table 1.,
the correlation coefficients of MBSD Il and other measures have been shown. The performance of
the MBSD Il per coder is as good as P.861 and MNB Il and the performance of the MBSD Il per
speech is clearly better than P.861 and MNB 1.
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Figure 4. Relationship between the performance of the MBSD and scaling factor

4. CONCLUSION

The MBSD is a modified conventional BSD, which incorporates the noise masking threshold. The
noise masking threshold plays an important role in estimating perceptua distortion in the MBSD.
The performance of the MBSD is improved by adopting a scaling factor of 0.7. The performance of
MBSD Il isas good as I TU-T Recommendation P.861 and MNB Il for per-coder while MBSD 11 is
better than P.861 and MNB 1l for per-speech according to the coding distortions available in our
speech database. In this paper, we suggest the use of the DMOS scores for the evaluation of
objective speech quality measures. Currently, the performance of the MBSD measures is being
examined with other speech databases.
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