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1. Introduction

This document reports the results of the verification of the comfort noise generation system of the Nokia candidate codec for 3GPP AMRWB standardization. For the purpose of verification an investigation of the VAD performance and its consequence both on the achievable voice/channel activity and speech quality has been made. Furthermore, it has been investigated if due to comfort noise generation noticeable artifacts are caused in the synthesized signal.  

2. VAD

2.1
Test Conditions

As a base for all experiments of the VAD performance a five minutes long file was used with conversational speech. This speech file is created from a database with Swedish speech material, containing two male and two female speakers. The material is concatenated so that it contains approximately 40 % speech time and 60 % time of silence. For the main part of the investigations the input level of the speech is set to –26 dBov. However, tests with different input levels of the speech material have also been made. In these cases, the input level was set to –16dBov and –36dBov, respectively. 
Four different types of noises are added to the speech file. The noises are recordings from car, street, office and airport hall environments. The noises differ widely in stationarity. In order to give some idea of the stationarity of the noises, frame energy variances, i.e. the variances of frame-wise energy estimates, were calculated. The result of this computation is shown in Figure 1.
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Figure 1 Stationarity of noises

In addition, two kinds of music are used as background noises. One file containing classical music (Bach) and one file containing rock music (Smashing Pumpkins). According to the stationarity measure from above,  the file containing classical music is the more stationary one, and the music pieces are less stationary than the other noises. 
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Figure 2
Stationarity of music files

The background files are added to the speech files at four different levels such that signal-to-noise ratios of 40, 30, 20, and 10 dB are obtained. The noise is scaled in the same way as in the AMR-WB selection tests, see [2].


2.2
Voice/Channel activity

2.2.1
Measures

Voice Activity

To evaluate the performance of the voice activity detection we have observed the VAD-flag and calculated the voice activity and clipping for different background conditions. The voice activity is calculated as follows:

Equation 1:
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The voice activity obtained from the different background conditions is compared to the activity of the ideal case, i.e. the clean case without any background noise.

Channel Activity

The channel activity is the relevant parameter for evaluating the gain of a DTX system. It is the ratio between the number of transmitted frames (SPEECH, SID_FIRST, SID_UPDATE) and the number off all frames including the NO_DATA frames. The channel activity is calculated as follows:

Equation 2
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2.2.2
Results

Voice activity and channel activity measurements for the different background cases and different input levels are shown in Figures 3-6. 

In Figures 3 and 4 it can be seen that the achievable activity strongly depends on the type of noise (the stationarity). It is found that the activity levels for more stationary noises such as car are reasonably low, just above the corresponding activity levels for clean speech. For the less stationary noise and music background signals the activity levels approach 100%.

Moreover, depending on the noise type, there is a lesser or stronger dependence on the SNR-ratio. For more stationary noise like car noise only a minor dependence of the achievable activity figures on the SNR-ratio was observed.

Comparing voice and channel activity figures, it can be stated that the channel activity figures at maximum are about 10% higher than the corresponding voice activity figures. The biggest differences are found with 11% for clean speech and the cases with low voice activity, as e.g. for car noise. Smaller differences occur for the cases with higher voice activity. 
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Figure 3 Voice activity for different background conditions, at speech level –26dBov. (Voice activity for clean speech is 40%)


[image: image6.wmf]Channel Activity at Various Background Conditions

0%

20%

40%

60%

80%

100%

120%

40dB

30dB

20dB

10dB

SNR

Channel Activity

Car

Street

Office

Airport Hall

Music (rock)

Music (classical)


Figure 4
Channel Activity for different background conditions, input speech level = –26dBov (for clean speech; channel activity = 51 %)

Figures 5 and 6 show the dependence of the achievable voice and, respectively, channel activities on the input level for the example of street noise. It is found that the activities increase with the level. However, the dependence is not strong. For the more stationary car noise, this dependence is only minor.
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Figure 5 Voice Activity for different input levels (street noise)
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Figure 6 Channel Activity at different input levels (street noise)

2.3 Clipping

2.3.1
Measures

For speech clipping assessment, the methodology described in [1] was taken over. This methodology is restated as follows: 

We first estimate how loudly speech is audible in each frame:

Equation 3:
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where


sp(n):
speech power of the frame n,


no(n):
noise power of the frame n,
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loudness of speech in frame n.

Speech and noise powers for each frame are calculated from the clean speech and noise files. The exponent of 0.3 is derived from the relation between loudness and intensity, i.e., an increase of 10 dB in the intensity causes the loudness to double. When speech power is 6 dB lower than noise power (see the 0.25 gain in the above equation), we assume that speech is not audible and loudness will be zero. Noise power in each frame is limited to below -55 dBm0, which is close to the noise level of the clean speech files. This limitation makes this equation applicable also for clean speech samples.

Speech clipping is calculated as follows:

Equation 4
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where VAD_flag(n) is the output of the VAD algorithm (1 for speech, 0 for noise). 

As shown on the above equation, clipping is sum of loudness of the frames where VAD is "0" divided by sum of loudness of all frames. 

2.3.2
Objective Results

The result of the investigations of the clipping with various background conditions can be seen in Figure 7. Most clippings according to the measure applied are found for car background noise. 
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Figure 5 Clipping for different background conditions (clean case Csp = 0.006)

2.3.3 Expert Listening Test Results

For those speech samples for which severe clipping has been observed according to the clipping measure given above, careful expert listening has been carried out in order to check if the clipping is audible or annoying. For most cases no clipping was found. Only in extreme cases with car noise at 10dB SNR, occasional slight clipping could be noticed. However, these effects were very minor and almost not audible. 

2.3.4
Clipping during Music 

Additionally, VAD performance for pure music files was tested. Ideally during music the VAD should detect everything as voice, and DTX-state should be activity. To test the system a wide range of diverse music files has been processed with the DTX turned on. The VAD-flag is printed out and the music files which contained frames with VAD-flag = 0 (i.e. no voice activity) are carefully examined by expert listeners.

The comfort noise system performs very well on most kinds of music. On most music files only a few sparse frames are classified as inactivity. However, this is hardly perceived as artifact. It has further been found that miss-classification can also occur after rapid decreases in intensity. Then the music is replaced by comfort noise for longer periods and this effect is clearly audible. In some specific kind of classical music with many large intensity changes (e.g. Carmina Burana by Orff), this effect is even annoying. 
3. Comfort Noise Synthesis


The purpose of this investigation is to evaluate if the comfort noise synthesis generates a smoothly evolving comfort noise signal. It is assessed if there are situations where audible contrast effects occur either due to abrupt magnitude or due to abrupt spectral changes. The investigation is done in two parts, as follows. 

3.1 Comfort Noise Contrast Effects During Inactivity

In order to investigate the comfort noise synthesis during inactivity, coding is done with the VAD decision forced to 0. Input signals used in this test are 

· Car noise,

· Street noise,

· Office noise,

· Airport noise,

· Artificial white noise with slow random magnitude variations,

· Artificial narrow band noise with sweeping center frequency from 50 to 7000 Hz.

For all signals except the last, the synthesized comfort noise signal evolves smoothly and nothing remarkable can be reported. 

For the narrow band noise with sweeping center frequency, the frequency of the synthesized signal seems to follow the input frequency somehow discontinuously or in steps. However, annoying artifacts are not produced. 

3.2 Comfort Noise Contrast Effects due to DTX state changes

This test was made with the original VAD decision enabled. The input signals used are those listed in paragraph 3.1 but the level adjusted to such a value that the VAD decision is unstable. I.e., the VAD flag and in response to this, the DTX state toggles between activity and inactivity. 

From all test signals it can be reported that slight differences in the synthesized signal are perceived when the DTX state changes. In some cases – even though not annoying – the effect is clearly audible as a contrast in the spectral characteristics of the synthesized signal. 

The effect can be visualized by comparing the power spectra of the synthesized signals in response to a white noise input signal. While for DTX-state=Activity a spectrally flat signal (in the pass-band of the codec) is generated, this is not the case for DTX-state=Inactivity, i.e. during comfort noise synthesis. Clearly noticeable is a strong low-frequency component.


[image: image13.png]Power spectrum

White noise responses for DTX-state=Activity (blue) vs. DTX-state=Inactivity (red)
10 T T T T T T T

I I I I I I I
0 1000 2000 3000 4000 5000 6000 7000 8000
Frequency [Hz]




Figure 7: 
White noise responses for DTX-state=Activity (blue) and 
DTX-state=Inactivity (red)

4.
Conclusion

In our tests we have found that the comfort noise system of the AMRWB codec performs very well and that in general it does not cause quality degradations compared to operation without DTX.

The performance of the VAD is good for stationary types of background noise for which almost the same activity figures are measured as for clean speech. For more instationary kinds of noise and especially for low SNR ratios, the resulting voice and channel activity figures increase considerably, which may to some extent compromise the efficiency of the DTX system. On the other hand, however, speech quality is never degraded by clipping and only very few cases could be found where slight clipping was even noticeable. Furthermore, the VAD works satisfactorily most kinds of music. 

The effect of comfort noise synthesis is audible but not annoying. For most types of input signals, the synthesis itself produces smoothly evolving comfort noise signals without any artifacts. However, audible noise contrast effects are caused by changes of the DTX state between activity and inactivity. These effects increase with the signal level.
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