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Test Method for Sidetone Delay

1. Remarks on the Method Proposed in the Draft TS 26.132
If the method from ETSI ES202739 is chosen to be incorporated into TS 26.132, it is proposed to clarify the following issues:
The handset or the headset terminal is setup as described in clause 8.2. The handset is mounted in the HATS position (see ITU-T Recommendation P.64 [18]).

The test signal is a CS-signal complying with ITU-T Recommendation P.501 [22] using a pn sequence with a length of 4 096 points (for the 48 kHz sampling rate) which equals to the period T. The duration of the complete test signal is as specified in ITU-T Recommendation P.501 [22]. The level of the signal shall be -4,7 dBPa at the MRP.
The cross-correlation function (xy(() between the input signal Sx(t) generated by the test system in send direction and the output signal Sy(t) measured at the artificial ear is calculated in the time domain:
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These stipulations seem to be contradictory

The measurement window T shall be exactly identical with the time period T of the test signal, the measurement window is positioned to the pn-sequence of the test signal.

The sidetone delay is calculated from the envelope E(() of the cross-correlation function (xy((). The first maximum of the envelope function occurs in correspondence with the direct sound produced by the artificial mouth, the second one occurs with a possible delayed sidetone signal. The difference between the two maxima corresponds to the sidetone delay. The envelope E(() is calculated by the Hilbert transformation H {xy(()} of the cross-correlation:
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The index of the sum is missing, probably “u”


The meaning of this sign is not defined here
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The function variable is missing, probably “τ”
It is assumed that the measured sidetone delay is less than T/2. 

2. Alternative Proposal

2.1 Test Signal

The test signal is a rectangular impulse which is digitally generated with an impulse width of 1/48000 second. This impulse is converted to an analog voltage with a bandwidth limitation to 22 kHz. The impulse may be repeated with sufficient time distance. To avoid adaptation of potential noise reduction algorithms, the repetition should not be periodic but with randomly varied time distance.
The peak voltage of the impulse at the artificial mouth corresponds to approximately 10 Pa when calculated with the mouth sensitivity at 1 kHz. However, the rectangular voltage impulse is applied to the artificial mouth without equalization of the mouth response.

2.2 Signal Acquisition

The signal from the artificial mouth is acquired as absolute peak over time with an aperture of 0.21 ms (10/48000 seconds). The origin of the time axis is set to the start of the impulse at the electric input of the artificial mouth. A high pass filter may be applied to suppress low frequency noise. However, such a high pass filter must be applied to the signal from the artificial ear and to the trigger signal from the electric input to the artificial mouth at the same time.

Several curves acquired in the way described above may be averaged in order to reduce the influence of noise.

2.2 Test Examples

The following sample curves were obtained with a mobile having a sidetone with variable delay. The gain was adjusted to a STMR of about 16 dB measured on the HATS with ear type 3.3.
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Fig. 1 Sidetone gain
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Fig. 2 Curve at 1 ms sidetone delay
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Fig. 3 Curve at 5 ms sidetone delay
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Fig. 4 Curve at 10 ms sidetone delay
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Fig. 5 Curve at 20 ms sidetone delay

2.4 Discussion of the Curves

The direct acoustic path from the artificial mouth to the artificial ear has a length of about 15 cm corresponding to a delay of 0.5 ms. This is about within the uncertainty of this test method. The response shows that there seem to be multiple propagation paths around the head with different delay, within the first 6 ms. The slope following after 6 ms may be due to non-ideal conditions of the test box. The delayed sidetone from the electric path results in a clear peak at the expected place on the time axis.
Due to the temporal masking effect, signals which are lower in level than the first peak and have a delay below 8 ms may not be perceived. 
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Fig. 6 Temporal masking effect (Zwicker and Fastl, Psychoacoustics, Springer 1990)

Therefore the following algorithm is proposed to obtain a value for the sidetone delay:
a) The first relative maximum is searched in the first 2 ms, and the level and time of this peak is noted.

b) Starting from the maximum investigated delay time (e.g. 200 ms or 500 ms) going downwards to 8 ms, the first local maximum in the curve is searched which has a level difference of more than a certain value (e.g. >20 dB) to the last preceding minimum. This is to define a kind of minimum S/N for the found delayed component. If such a maximum is found, the sidetone delay is defined as the time difference between the time of the maximum found in b and the time of the maximum found in a. (Alternatively the value found in b may be taken as result without subtraction of the value from step a). 
c) If no maximum is found in step b, the first 8 ms are searched for the last occurring maximum which is higher in level as the one found in step a. If such a maximum is found, the sidetone delay is defined as the time difference between the time of the maximum found in c and the time of the maximum found in a.

d) If no maximum is found neither in step b nor in step c, the sidetone delay is defined to be < 8 ms.
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